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INTRAOCULAR IMPLANT

FIEID OF THE INVENTION

The present invention relates to an intraocular
implant and in particular an intraocular implant having variable
focus.

BACKGROUND OF THE INVENTION

Ophthalmology intraocular implants are primarily used
for people suffering from cataract (opacification of the
crystalline). A current surgical technique involves removing the
crystalline lens which has become opaque, and then reinserting
an intraocular implant.

The intraocular implant 1s required Dbecause the
removal of the crystalline changes the refractive power of the
patient’s eye, so that the eye can no longer focus. The
intraocular implant aims at allowing the eye to focus at one
particular distance, which 1s often chosen to be infinity.
Usually these implants have lateral parts which serve to center
the implant. In particular, the diameter of the cavity remaining
after the crystalline removal 1s generally larger than the
optical pupil diameter, and the lateral parts of the implant
serve to maintain the implant at the centre of this cavity. This
provides some alignment between the optical axis of the implant

and the optical axis of the eye.
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During an implant operation, the implant is generally
inserted inside the patient’s eye by making a small incision,
typically a few millimetres across. The implant 1is made from
polymers which are flexible enough to be folded or rolled up,
such that prior to insertion, the implant is folded inside a
holder. It is then inserted, wvia the small incision, into the
eye’s cavity, which has been left empty after removal of the
crystalline lens. Once 1n position, the implant spontaneously
comes back to its original unfolded shape, helped by its own
elasticity.

A drawback of this surgery i1s that the patient loses
any possibility of focusing at different object distances. The
patient 1is then obliged to wear external lenses, for example
contact lenses or glasses, for short distances, for example when
reading, and to remove them for long distances.

Some implants have been developed to overcome the
above mentioned difficulties, but they have a number of
drawbacks. For example, multi-focal intraocular implants have
been developed, which focus light at several fixed distances.
However, a disadvantage is that the brain must then be trained
to “use” this multi-focal lens, and this is time consuming for
the patient and occasionally does not work. Furthermore, such
multi-focal lenses produce intrinsically degraded image quality,
resulting in unclear vision by the user.

Another attempt to resolve the problem of the lack of
focusing is to use deformable intraoccular implants, for which
the action of the ciliary muscles can induce a focal change of
the system. This type of implant is for example described in
US2002/0193876 Al. According to this publication, when the
ciliary muscles contract, the intraocular lens moves into an
anterior position, and moves back to a posterior position when
the muscles relax. However, 1in practise this system does not
generally allow effective focusing.

Patent Application WO 2004/004605 Al describes a

general method of restoring automatic accommodation of a
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patient's eye, using pressure sensors which assess the
converging power of the two eyes, and send a signal to actuators
situated on the implants themselves. However, this document does
not describe exactly how the focus of the implant can be varied,
which is the key problem to be overcome.

It is well known from specialists that the solutions
described above do not give a satisfactory answer to the
patient's problems: they do not provide the combination of a
large amplitude accommodation (object distance 0.3m to infinity)
with a good image quality on the retina, which would insure a
comfortable vision to the patient.

SUMMARY OF THE INVENTION

The present invention aims to provide an implant that
at least partially addresses one or more drawbacks of prior art
solutions.

According to a first aspect of the present invention,
there 1s provided an 1intraocular variable focus implant
comprising a flexible structure forming a pocket containing
first and second transparent immiscible 1liquids, the first
liquid being an insulating liquid and the second liguid being a
conductive liquid, said liquids defining a liquid interface; and
first and second electrodes, the first electrode being in
contact with the second liquid and the second electrode being
insulated from second conductive liquid by an insulating layer,
wherein said liquid interface is moveable by electrowetting by a
change 1in a voltage applied to between said first and second
electrodes.

According to one embodiment of the present invention,
the flexible structure comprises a first flexible transparent
film comprising a hydrophilic surface in contact with said
second liquid and a second flexible transparent film comprising
a hydrophobic surface in contact with said first liquid.

According to another embodiment o©f the present
invention, the first and second films are sealed to a third

flexible film comprising a printed circuit, said printed circuit
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bearing electronic components for the control of the liquid
lens.

According to one embodiment of the present invention,
the third film comprises a hydrophilic surface in contact with
the second liquid.

According to an embodiment of the present invention,
the first and second electrodes are mounted on the third film.

According to one embodiments of the present invention,
the second electrode 1s exposed on the outer surface of said
structure such that when inserted in the eye it makes contact
with intraocular serum of the eye, said second film forming said
insulating layer.

According to embodiments of the present invention, a
portion of the transparent film forms the insulating layer
covering the second electrode.

According to embodiments of the present invention, the
structure forms a second pocket filled with a second conductive
licquid, the =second conductive 1liquid forming the second
electrode.

According to embodiments of the present invention, the
intraocular implant further comprises centering means for
optically centering the liquid interface in the structure.

According to embodiments of the present invention, the
centering means comprises a surface of said insulating layer,
said interface contacting said surface of the insulating layer,
and said surface of the insulating layer being inclined with
respected to an optical axis.

According to embodiments of the present invention, the
intraocular implant further comprises control circuitry arranged
to receive a focusing signal transmitted from a device external
to the implant, the focusing signal representative of the
distance at which it is desired for the eye to focus, and to
apply a voltage between the electrodes of the liquid lens as
function of the focusing signal.

According to embodiments of the present invention, the



10

15

20

25

30

35

WO 2007/107589 PCT/EP2007/052699

5

control circuitry comprises electronic components positioned on
the flexible circuit.

According to embodiments of the present invention, the
control circuitry comprises a miniaturized electric power unit,
for on-site power generation.

According to alternative embodiments of the present
invention, the control circuitry comprises power receiving
circuitry for receiving power from an external power source.

Thus embodiments of the invention provide a flexible
liquid lens and an active intraocular implant with said flexible
liquid lens. The flexible 1liquid lens contains two liquids
inside a flexible pocket, with transparent parts for the passage
of the light from the exterior of the eye towards the retina,
the ligquids defining a liquid-licuid interface deformed by an
electrowetting actuation. The two liquids have different
refractive indices, one of them is conductive and the other one
is insulating. It further comprises at least two electrodes, a
first electrode being in contact with the conductive licquid and
a counter electrode. A voltage applied between the electrodes
will deform the interface between the two immiscible liquids
inside the flexible pocket. Because the indices of refraction of
the two liquids are different, the focus of the eye at different
distances will be modified depending on the amplitude of the
voltage.

The implant according to embodiments of the present
invention also comprises control circuitry, made for example of
a miniaturized electronic circuit, to detect a focusing signal
from the outside of the eye, interpret this signal to set the
focus at a given object distance, and produce an AC or DC
voltage to change the shape of the liquid-liguid interface
inside the pocket, so that the overall eye 1is focused at the
said distance.

According to embodiments of the present invention, the
control circuitry comprises an autonomous electronic system,

including the power generating unit, which allows the implant to
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be buried inside the crystalline cavity without any physical
connexion between the inside and the outside of the eye.

According to embodiments of the present invention, the
liquid lens comprises centering means for the liquid interface,
in order to maintain precisely the optical axis of the liquid
surface aligned compared to the body of the intraocular implant.
These centering means are for example internal features to
maintain ligquid interface centered inside the capsule. They
should not be confused with the mechanical centering means which
are at the outside of the capsule at the peripheral part of the
implant, and which serve as a mechanical mean for centering the
implant inside the intraocular cavity.

According to embodiments of the present invention, the
liquid 1lens is made of deformable materials such as polymer
sheets, bendable films, thin materials.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other purposes, features, aspects
and advantages of the invention will become apparent from the
following detailed description of embodiments, given by way of
illustration and not limitation with reference to the
accompanying drawings, in which:

Figures 1 to 5 are cross-section diagrams illustrating
active intraocular implants according to a number of embodiments
of the present invention; and

Figure 6 illustrates a commercial implant having a
central optical part and lateral extensions, the lateral
extension being outside the optical path, and serving as a
mechanical centering means;

Figure 7 is a schematic plan view of the intraocular
implant of Figure 1 according to an embodiment of the present
invention; and

Figure 8 schematically illustrates circuitry for
driving the liquid-liquid interface of the intra-ocular implant

according to one embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates in cross-section an intraocular
implant having a variable focus lens, the lens being variable by
electrowetting, 1n particular by application of a voltage at a
liquid-liquid interface as will be described in more detail
below.

As 1llustrated, the implant comprises two flexible
transparent films 1, 2 and a flexible circuit film 3, which in
this example is in the shape of a flexible disk, having a hole
passing through it such that it is annular. Together films 1, 2
and 3 form a flexible capsule or pocket. In particular, film 1
forms a flexible upper cap contacting the top surface of the
film 3 in an annular band radially exterior to the hole through
film 3. Film 2 forms a flexible lower cap contacting the
underside of the film 3, in a band radially exterior to the hole
through film 3.

These films 1, 2 and 3 serve as a container for two
liquids, a non polar insulating liquid 4 forming a drop, which
in this example comprises o0il, and a conducting polar licuid 5,
which in this example comprises water mixed with a salt. The
licquids 4, 5 are immiscible with each other, and meet at an
interface 6 which traverses the hole through the flexible film
3. The first and second liquids have different refractive
indices, meaning that when the liquid-liquid interface 6 1is
curved, the interface forms a refractive surface, having an
optical axis shown by dashed line A, which passes substantially
through the middle of the hole of film 3. When the curvature of
the refractive interface 6 changes, the refractive power also
changes, allowing the eye in which the device is implanted to
focus as different distances.

Electrodes 10 and 11 are provided mounted on the
surface of the flexible circuit film 3. Film 3 1is for example
formed of a polyimide, such as materials known as Kapton or
Mylar, the latter being a polyethylene terephthalate. In this

embodiment, electrode 10 is annular in shape, and contacts
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liquid 5. Electrode 11 has a flat annular shape, and is covered
by an insulating layer 1lla, insulating it from contact with
liquid 5. Electrodes 10 and 11 can for example be formed of Ni-
gold. In this example electrode 11 covered by insulating layer
1la is formed on the top surface of film 3, in a band close to
the inner edge 3a of film 3. The quantity of liguids 4, 5 are
finely controlled and the inner surfaces of the films 1, 2 and 3
are formed such that the edge of the liquid-liquid interface 6
contacts with the surface of insulating layer 1lla covering
electrode 11.

By application of a voltage between electrodes 10 and
11, the contour of contact between the liguid-liquid interface 6
and the surface of insulating layer 1lla can be varied, due to
the electrowetting effect. The surface of insulating layer 1lla
is for example naturally or treated to be hydrophobic,
discouraging contact with licquid 5, which as described above is
a water based liquid in this example. Thus in an idle state in
which no voltage is applied to the electrodes 10, 11, the
interface 6 for example has a form shown by dashed line A in
Figure 1, in which liquid 4 contacts most of the surface of the
insulating layer 1lla. However, when a voltage is applied between
electrodes 10 and 11, the wettability of the surface of the
insulating layer 1lla by liquid 5 is increased, thereby causing
licquid 5 to contact more of the surface of insulating layer 1la,
and thereby moving the contour of contact between the liquid-
liquid interface 6 and the insulating layer 1lla radially inwards
towards the optical axis A. At a maximum voltage, the interface
for example has the form shown by dashed line B, in which liguid
5 contacts most of the surface of insulating layer 1la.

Electrowetting devices having a solid structure, but
that comprise liquids movable according to the same principle as
the implant of Figure 1, are for example described in European
patent 1 166 157, in the name of the present Applicant.

The interface 6 can be centered at the optical axis A

of the implant of Figure 1 by wvarious techniques. In this
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embodiment it is centered by the inclined surface of the
insulating layer 1la, which in this example 1is rotationally
symmetric to the optical axis A. This shape for example results
from the incline of the film 3 close to edge 3a, which is for
example achieved by providing film 2 having a curved cross-—
section, and sealing the portion of film 3 close to edge 3a to
the inner part of this curved portion. In this example, the
surface of insulating layer lla is not only inclined but also
curved in cross—section, curving away from the optical axis A.
At any given voltage applied between electrodes 10 and 11, there
will be a preferred contact angle between the interface 6 and
the surface of insulating layer 1lla. If interface 6 moves off-
center, the contact angle will increase at some parts of the
edge of the interface 6, and decrease at others, thus causing a
restoring force that re-centers the interface.

Alternatively or additionally, other techniques for
centering the interface 6 could be used, including providing an
insulating layer 11 having a graduated thickness moving out from
the optical axis A, such that it is thinnest closest to the
optical axis A close to edge 3a, and thicker radially outwards.
Means for centering the liquid-liquid interface in a liquid lens
are described in more detail in FEuropean Patent Application Nos.
98947621.3 and 00912738.2, which are hereby incorporated by
reference to the extent allowable by the law.

The voltage applied to electrodes 10, 11 1is for
example an oscillating voltage (AC), but could also be a fixed
voltage level (DC) in some embodiments. The voltage for example
has a peak to peak value or amplitude controlled to be in the
range of 0V to 40V, and/or an RMS wvalue controlled to be in the
range of 0V to 20V. However, in some embodiments, the highest
applied voltage could be as low as 10V peak to peak to generate
the maximum curvature of interface 6. While prior art solid
liquid lenses have generally operated based on an oscillating
supply voltage of around 60 V rms, it is possible to reduce this

voltage to the values indicated above, for example by providing
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a slightly reduced focusing range, and a thinner insulating
layer 1la. The frequency of the oscillating voltage is for
example 1in the range 100 Hz to 10 kHz, and preferably
approximately 1 kHz.

According to the present embodiment, the two
transparent films 1 and 2 are hermetically sealed on the
flexible circuit film 3, which is for example a flexible printed
circuit. This circuit film for example comprises micro-
electronic circuits formed thereon. In particular the circuit
film 3 comprises several electronic components 12 for receiving
information from the outside of the eye, by any non-contact
transmission, such as for example ultrasonic signals, infrared
or radio communications, and according to some embodiments of
the invention, also for receiving power. To generate the
oscillating voltages applied between electrodes 10 and 11,
components 12 on the top side of the flexible circuit film 3
receive the focusing signals from an external device, as
explained in more detail below, and provide a signal to analog
driving circuitry block 13 mounted on the top side of flexible
circuit film 3, this block providing outputs to electrodes 10
and 11.

In operation, electronic  components 12 receive
information coming from an outside source that instructs the
implant to focus at a particular distance, for example in order
to focus on a relatively close object. The circuit 12 translates
this information into a control signal, which is sent to the
driver 13. Driver 13 generates the new drive voltage, which is
for example an increased voltage if the new focusing distance is
closer, or a lower voltage if the new focusing distance 1is
further away, and this wvoltage 1is then applied between
electrodes 10 and 11. The curvature of the liquid-liquid
interface 6 changes directly in response to the changed voltage,
for example from curvature A to B, or to any curvature in
between these extremes, depending on the required focusing

distance. The lens for example thus able to provide focusing at
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object distances from 0.3m to infinity.

In some embodiments electronic components 12, 13 could
be made as a single component, depending on the particular
microelectronic integration technique used.

When the implant of Figure 1 is to be inserted into
the eye of a patient, this is performed in much the same way as
described above in relation to prior art implants having fixed
focus. In particular, the implant is generally inserted inside
the patient’s eye by making a small incision, typically a few
millimetres across. Films 1, 2 and 3 are preferably formed of
flexible inert materials known to be biocompatible, or materials
coated with a biocompatible material. Films 1 and 2 could be
transparent deformable films formed of materials such as PMMA
(PolyMethylMetAcrylate) or FEP (FluoroEthyelenPropylene) films,
having a thickness of between 1 and 100 pm. These films are
flexible enough to be folded or rolled up, such that prior to
insertion, the implant is for example folded inside a holder. As
with the flexible fixed focus implants, it can then be inserted,
via the small incision, into the eye’s cavity, which has been
left empty after removal of the crystalline 1lens. Once in
position, the implant spontaneously comes back to its original
unfolded shape, helped by its own elasticity.

To avoid the liquids 4 and 5 moving out of position
when the lens is rolled up, or later in case of abrupt movements
during use, the surfaces within the implant in contact with
liquids 4 or 5 are preferably naturally or treated to be very
hydrophobic or hydrophilic. For example, the inner surface of
film 2 in contact with liquid 4 and the inner edge 3a of film 3
are preferably formed of a transparent material or have a
transparent coating that is wvery hydrophobic. Possible surface
coatings include PTFE (Polytetrafluorcethylene), commonly known
by the brand name Teflon, or silicon products. The inner surface
of film 1 in contact with liquid 5, and the surface of film 3 in
contact with ligquid 5 in Figure 1 are preferably formed of a

transparent material or comprise a transparent surface coating
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that is naturally or treated to be very hydrophilic. Examples of
materials that could be used are PMMA (Polymethylmethacrylate),
or films formed of polyethylene, poly vinyl chloride or
polyvinylidene fluoride, which have received a Corona treatment
to give the surface a hydrophilic nature.

Films 1, 2 and 3, although formed of materials that
provide a very good barrier to liquids, are preferably slightly
permeable to fluid such as water. This means that in the long
term, there will be an osmotic equilibrium between the inside
and the outside of the implant. Advantageously liquids 4 and 5
are designed to be slightly more hygroscopic than the serum in
which the implant will be immersed. This will tend to result in
water from the eye serum penetrating into the implant up to a
point at which a slight over—-pressure is present in the implant,
slightly inflating the implant. This helps to ensure that the
implant does not dry out in the long term (which would cause
fringes or defects), and maintains a consistent shape whereby
all the polymer films 1, 2 and 3 are stretched. Assuming the
polar liquid 5 is based on a water solution, this solution for
example contains either hygroscopic solutes such as calcium
chloride, cesium fluoride, potassium acetate, lithium chloride
or bromide, =zinc bromide, sodium bromide, magnesium chloride,
ethylene glycol, mono propylene glycol, glycerol, 1,3 propane
diol, or ethanol.

Another possibility is for the liquid 5 to contain the
same salts as in the serum solution of the eye, which will be
fluid directly outside the implant. Such salts are sodium
chloride and potassium chloride, and are for example provided in
the implant at slightly higher concentrations than they are
present in the eye serum. This will again help to ensure a
slight force tending to drive the water inside the implant by
osmotic forces.

Figures 2 to 5 will now be described, which are all
cross—sections illustrating alternative embodiments of wvariable

liquid dimplants. The same or equivalent features in these
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figures have been referenced with the same numerals as those
features in Figure 1.

The implant of Figure 2 is a variation of the design
of that of Figure 1 that uses the fact that when in position in
the eye the implant is immersed in the intraoccular serum which
is known to be a conductive solution (salted water). Thus in
this embodiment, electrode 10 will contact the polar conducting
liquid 5, as in the embodiment of Figure 1, while the other
electrode 11 is a small electrode contacting with the serum 14
which is inside the eye, thereby forming the counter electrode.
This means that electrical currents (although of a wvery small
intensity) will circulate outside the implant.

In the embodiment of Figure 2, interface 6 contacts
directly with the film 2. In this embodiment the liquid-liquid
interface 6 between the liquids 4, 5 contacts the inner surface
of film 2 directly, and is for example centered by using a
graduated thickness for film 2, as described above. When no
voltage is applied, the interface for example moves to the edge
of the exposed surface of film 2, and moves no further due to
surface wettabilities of the other surfaces in the pocket. In
the embodiment of Figure 2, electrode 10 is mounted on the
opposite face of the flexible circuit 3 to the other electronic
components, but alternatively comments 12 and 13 could be
mounted on the same side as electrode 10. Electrode 11 can cause
electrowetting changes at interface 6, because the voltage will
be carried by the naturally conductive serum present in the
interior volume of the eye, in which the implant is immersed.

Figure 3 shows another embodiment wherein the
transparent film 2 serving as a window 1s covering an annular
electrode 11 on the inside of the flexible circuit film 3. This
embodiment is similar to that of Figure 1, except that film 2 is
sealed to the same side of film 3 as film 1, in these figures
the top surface, such that film 2 itself provides the insulating
layer between the electrode 11 and liquid 5. The design of
Figure 3 could be slightly modified to have all electronic
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components on the same side of the flexible circuit, for example
all on the top side.

Figure 4 shows a variation of the embodiment of Figure
2 with an additional transparent film 14 creating a pocket of
fluid 16 in contact with the outer surface of film 2, this fluid
thus acting as the counter electrode, such that current no
longer flows outside the implant in the serum of the eye. Liquid
15 is thus a polar conducting liquid in contact with solid
electrode 11. The implant of Figure 4 thus has 2 liquid
chambers.

Figure 5 shows another embodiment of the implant,
again similar to the embodiment of Figure 2, except that a
transparent electrode 18 has been formed covering the outer
surface of film 2, providing the counter electrode. A further
deformable film 20 has been formed covering the transparent
electrode 18 and electronic components 12 and 13. Film 2 is for
example now a very thin insulating layer that could be deposited
over the transparent electrode 18, the transparent electrode
being deposited on film 20. Thus thin electrode 18 and film 2
can be formed simply by a double coating process on film 20.
Film 2 and electrode 18 are for example fixed in position by
sealing film 20 to the flexible circuit film 3.

As an alternative, the electrode film 18 can be made
from a non transparent material, if it for example deposited in
the form of a ring, leaving the central region clear. By the
central region, it is meant the smaller diameter of the liquid-
liquid interface, corresponding on the Figure 5 to the base of
the drop when it has the shape B.

With reference now to all the embodiments of Figure 1
to 5, it will be understood that the material and shape used for
the external surfaces of the implant should generally be
biocompatible with the inside of the eye and with the serum
which are present. This implies that the implant should be of a
compatible shape, for instance as described in more detail in WO

2004/069101 Al, which is hereby incorporated by reference to the
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extent allowable by the law. Furthermore, the material can for
example be chosen to be PMMA, in order to avoid any potential
problems such as for example implant reject or opacification.

In all realizations of dimplants described herein,
features of the design are preferably chosen to give a precise
optical power of the implant when no voltage is applied to the
electrodes 10, 11, such that even when the implant receives no
power, focusing by the eye is possible, for example at infinity.
This can be achieved in part by giving some optical power to the
films 1, 2. For example, the embodiment of Figure 1 illustrates
film 1 having a lens shape. Furthermore, the external shape of
the implant and radii of curvature can be controlled, or
flexible films 1 and 2 could be replaced by semi-flexible lens
shape windows (not shown on the figures), allowing different
patients to have different power ocular correction. However,
implants are preferably always adapted to a patient's eyes to
give focus at infinity when no voltage is applied to the device.

According to some embodiments, the implants of Figure
1 to 5 further comprise mechanical centering means (not shown in
the Figures) which serve to centre the implant in the cavity of
the eye left after the removal of the crystalline lens. These
mechanical centering means will be described with reference to
Figure 6.

Figure 6 illustrates, in plan view and cross—section,
a known commercial implant, and will be used to illustrate an
example of an exterior shape of the lens that encourages it to
be centered. In particular, the commercial implant 22 comprises
protruding curved ridges 24, formed spiralling outwards from an
inner diameter 26 of the lens towards the outer edge 28 of the
lens. Two such ridges are provided in this example, at opposite
sides of the lens. The embodiments of Figures 1 to 5 preferably
comprise such ridges. Alternatively, there are numerous other
known designs of similar centering means that could be
incorporated in these implant embodiments to help centering the

implant.
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Figure 7 illustrates the implant of Figure 1 in plan
view, however the illustration of Figure 7 is very similar to if
not the same as a plan view taken of any of the embodiments in
Figures 1 to 5. Although not shown in Figure 7, the implant
preferably also comprises the ridges 24 shown in Figure 6. As
illustrated, the implant is circular in plan view, with an
opening 30, which is the opening through flexible circuit film
3, giving it its annular shape. In this example this opening is
Smm in diameter, this being the effective lens diameter in this
embodiment. Electrode 11 is provided in an annular region on the
annular film 3 extending from the edge of the opening 3a, which
is at a radius of 2.5 mm from the center of the implant (optical
axis A) to a radius approximately 3 mm from the centre of the
implant. In this embodiment, the implant is 11 mm in diameter.
Assuming that an outer region 0.5 mm in diameter is free from
electronics, this leaves a region 32 between electrode 11 and
the dashed 1line 34 in Figure 7 1in which electronics for
receiving focus information signals, generating lens driving
signals and driving the lens can be incorporated. Such an
annular band having a width of 2 mm and outer diameter of 10 mm
has an area of over 50 mm?, which is a relatively large area in
which circuitry for driving the lens can be mounted.

Figure 8 illustrates schematically examples of the
circuit blocks 40 within the implant and blocks 42, 44 external
to the implant, for driving the liquid interface.

Within the implant, mounted on or within flexible
circuit film 3, power receiving/generating circuitry 46, a data
receiving circuit 48, processing means 50, and driving circuitry
52 are provided. External to the dimplant, a focus signal
generation block 42 is provided, that transmits a focus signal
to the data receiving circuit. Such a block is for example
positioned and arranged to sense movement of muscles close to
the eye that contract or relax in order to focus the eye. In
this way, focusing can be provided by the brain directly, and

interpreted and transmitted to the implant. Miniature RF
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transmitters and receivers are well known in the art, and
provide one example of a possible wireless connection between
block 42 and circuit 48. As an alternative, Dblock 42 could be
part of an external auto-focusing device, which is for example
attached to glasses worn by the patient and pointed at objects
that the patient wishes to focus on. Focusing information can
then be transmitted in the same way. Alternatively, block 42
could be a manual wireless remote control operated by the
patient, allowing the patient to choose focusing themselves.

In some embodiments, the implant 1is able use an
internal self-contained power source within the eye. For
example, power could be taken from muscles around the eye, or
from movements of the eye. In this case, the power circuit is a
generating circuit that generates a voltage from the power
source. Alternatively, power is transmitted to the device from
an external source, 1in a similar fashion to the power
transmitted to an RF tag. Such an external source could be a
battery 54, or alternative source, and could be inserted
elsewhere in the patient's body.

The power circuitry is connected to all other circuit
blocks in the device to provide them with power.

Processing means 50 is for example a micro-processor
chip that receives the focusing data received from the data
receiving circuit 48, and calculates the required drive voltage
for obtaining this focal distance. Lookup tables or the like are
for example used to determine the drive voltage.

The driving circuitry receives the required drive
voltage information from processor 50, which is for example in
the form of a low voltage signal, which is then amplified by the
driving circuitry 52. The driving circuitry outputs a voltage
between two output lines 56 and 58 which are connected to the
electrodes 10 and 11 respectively.

Having thus described at least one illustrative
embodiment of the invention, various alterations, modifications

and improvements will readily occur to those skilled in the art.
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For example, it will be apparent that features
described in relation to one or more of the embodiments could be
incorporated 1in any combination in other embodiments of the
implant.

Such alterations, modifications and improvements are
intended to be within the spirit and scope of the invention.
Accordingly, the foregoing description is by way of example only
and 1s not intended to be limiting. The invention is limited
only as defined 1in the following claims and the eguivalent

thereto.



10

15

20

25

30

WO 2007/107589 PCT/EP2007/052699

19

CLAIMS

1. An intraocular variable focus implant comprising:

a flexible structure forming a pocket containing first
and second transparent immiscible 1liquids, the first liquid
being an insulating liquid (4) and the second liquid being a
conductive liquid (5), said liquids defining a liguid interface
(6); and

first and second electrodes, the first electrode (10)
being in contact with the second ligquid and the second electrode
being insulated from second conductive liquid by an insulating
layer (lla), wherein said 1liquid interface is moveable by
electrowetting by a change in a voltage applied to between said
first and second electrodes.

2. The intraocular implant of claim 1, wherein said
flexible structure comprises a first flexible transparent film
(1) comprising a hydrophilic surface in contact with said second
liguid and a second flexible transparent film (2) comprising a
hydrophobic surface in contact with said first liquid.

3. The intraocular implant of claim 2, wherein said
first and second films are sealed to a third flexible film (3)
comprising a printed circuit, said printed circuit bearing
electronic components (12) for the control of the liquid lens.

4. The intraocular implant of claim 3, wherein the
third film comprises a hydrophilic surface in contact with the
second liquid.

5. The intraocular implant according to any of claims
3 or 4, wherein the first and second electrodes (10, 11) are
mounted on the third film 3.

6. The intraocular implant according to any preceding
claim, wherein the second electrode (11) is exposed on the outer
surface of said structure such that when inserted in the eye it
makes contact with intraocular serum of the eye, said second
film forming said insulating layer.

7. The intraocular implant according to any of claims

1 to 5, wherein a portion of the transparent film (2) forms the
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insulating layer covering the second electrode (11).

8. The intraccular implant according to any of claims
1 to 5, wherein said structure forms a second pocket filled with
a second conductive liquid (16), the second conductive liquid
forming the second electrode (11).

9. The intraocular implant according to any preceding
claim, further comprising centering means for optically
centering the liquid interface in the structure.

10. The intraocular implant of claim 9, wherein said
centering means comprises a surface of said insulating layer,
said interface (6) contacting said surface of the insulating
layer (lla), and said surface of the insulating layer being
inclined with respected to an optical axis (A).

11. The intraccular implant according to any preceding
claim, further comprising control circuitry arranged to receive
a focusing signal transmitted from a device (42) external to the
implant, the focusing signal representative of the distance at
which it is desired for the eye to focus, and to apply a voltage
between the electrodes of the liquid lens as function of the
focusing signal.

12. The intraocular implant according to c¢laim 11,
wherein the control circuitry comprises a miniaturized electric
power unit, for on-site power generation.

13. The intraocular implant of claim 11, wherein the
control circuitry comprises power receiving circuitry for

receiving power from an external power source.



WO 2007/107589 PCT/EP2007/052699

1/3




WO 2007/107589 PCT/EP2007/052699

i Fig 5

Fig 6




WO 2007/107589

3/3

PCT/EP2007/052699

DRIVER

54
BATTERY | /

» 11mm . Flg 7
40
________________ ﬁ__j _ r\jz
|
46 N 48 ( (F
M — — Frocus
| SIGNAL
POWER RECEIVING DATA | GENERATION
/GENERATING — RECEIVING| |
CIRCUITRY CIRCUIT :
| 44
50 | j
v r\/ |
| ( (s
PROCESSOR | (
52 | POWER
\ l_l | TRANSMITTER
|
|
|
|
|
|

Fig 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2007/052699
A. CLASSIFICATION OF SUBJECT MATTER
INV. G02B3/14 A61F2/16 A61F9/00 G02C7/04 602C7/06

According to International Patent Classification (IPC) or to both national classification and IPC

8. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G02B A61F GO2C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Etectronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2005/088388 A (KONINKL PHILIPS 1,2,6,7
ELECTRONICS NV [NL]; KUIPER STEIN [NL];
HENDRIKS BERNA)

22 September 2005 (2005-09-22)

Y 1-13
page 6, line 1 - page 11, line 15; figures
1-4

Y US 2001/017985 Al (TSUBOI TAKAYUKI [JP] ET 1-7

AL) 30 August 2001 (2001-08-30)
paragraph [0045] - paragraph [0053];
figures 1,2

paragraph [0183] - paragraph [0185];
figures 23A,23B

-/—-

m Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents : ) 3 . .

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novet or cannot be considered to

*." document which may throw doubts on prior‘ijty claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *y* document of : . i i :

b " iy particular relevance; the ctaimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu~
other means ments, such combination being obvious o a person skilled
*P* document published prior to the international filing date but in the an.
iater than the priority date claimed *&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
17 July 2007 23/07/2007
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (131-70) 340-3016 THEOPISTOU, P

Fom PCT/ISA/210 (second shest) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2007/052699

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

WO 2004/077125 A (KONINKL PHILIPS
ELECTRONICS NV [NL]; KUIPER STEIN [NLI;
VISSER DERK [N)

10 September 2004 (2004-09-10)

page 5, 1ine 9 - line 30; figure 3

page 7, line 23 - page 8, line 15; figures
5,6

US 6 369 954 B1 (BERGE BRUNO [FR] ET AL)

-9 April 2002 (2002-04-09)

column 3, line 3 - column 5, line 64;
figures 1-6

US 2005/002113 A1 (BERGE BRUNO [FR])
6 January 2005 (2005-01-06)
paragraph [0049] - paragraph [0058];
figures 11,12

US 4 601 545 A (KERN SEYMOUR P)

22 July 1986 (1986-07-22)

column 3, 1ine 9 — column 5, line 13;
figures 1-3

2,3,8

2,7,9

2,9,10

11-13

Form PCT/ISA/210 (continuation of second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2007/052699
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2005088388 A 22-09-2005 EP 1728117 Al 06-12-2006
o US 2007153405 Al 05-07-2007
US 2001017985 Al 30-08-2001 NONE
WO 2004077125 A 10-09-2004 CN 1871538 A .29-11-2006
. CN 1754112 A 29-03-2006
KR 20050122203 A 28-12-2005
_ _ US 2006245092 Al 02-11-2006
US 6369954 Bl 09-04-2002 AT 214164 T 15-03-2002
CA 2306249 Al 15-04-1999
DE 69804119 D1 11-04-2002
DE 69804119 T2 28-11-2002
EP 1019758 Al 19-07-2000
ES 2171041 T3 16-08-2002
FR 2769375 Al 09-04-1999
WO 9918456 Al 15-04-1999
JP 2001519539 T 23-10-2001
US 2005002113 Al 06-01-2005  NONE
US 4601545 A 22-07-1986 AU 4431085 A 13-12-1985
CA 1223950 Al 07-07-1987
EP 0181395 Al 21-05-1986
JP 61502221 T 02-10-1986
WO 8505466 Al 05-12-1985

Form PCTASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

