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Implantable Device

This invention relates to implantable devices and

particularly, although not exclusively, relates to

implantable devices for implantation in a human body and a

method of making such devices.

It is well known to provide implantable devices for

implantation in a human body for applying a stimulus to a

part of the body, for example a tissue, for a therapeutic

purpose. Such implantable devices may be arranged to

supply an electrical stimulus used in neurological therapy

for stimulating nerves or muscle to combat pain or may be

used as a heart pacemaker. Other applications include use

in treating urinary urge incontinence by stimulating

nerves close to the pelvic floor; and use in reduction of

pressure sores by stimulating cavernous nerves. In

addition, implantable devices are, in some cases, used to

provide a chemical or mechanical stimulus.

Implantable devices may, in general terms, comprise a

housing which includes electronic circuitry and a power

source. Preferably, the housing defines an hermetically

sealed environment so that its contents are protected from

ingress of water which could be damaging. It has been

known for over 30 years to make such housings out of

titanium parts which are laser welded together to define a

hermetically sealed container. In addition, housings made

from plastics materials have been proposed but have

generally been inadequate in use due to the inherent

porosity of plastics materials. This problem has been

addressed in commercial applications by filling a housing

around its electronic circuitry with silicone in an



attempt to protect the circuitry. However, silicone is

also permeable to water and, accordingly, its use is an

ineffective solution to the problem.

It is an object of the invention to address problems

associated with implantable devices.

According to a first aspect of the invention, there is

provided an implantable device comprising a housing which

comprises a polymeric material wherein said housing

includes a restrictor layer for restricting passage of

fluid into an interior region of the housing, wherein said

restrictor layer comprises a material which includes

titanium moieties.

Said restrictor layer preferably directly contacts said

polymeric material. There may therefore be no

intermediate, for example adhesive, layer between said

polymeric material and said restrictor layer.

Said restrictor layer is suitably provided over at least

50%, preferably at least 75%, more preferably at least

90%, especially at least 95% of the outer surface area of

the housing. Preferably, said restrictor layer is

provided over substantially the entire outer surface of

the housing so that it substantially seals the housing

from ingress of fluid, into the housing.

Suitably, the restrictor layer is arranged to restrict

(more preferably substantially prevent) passage of an

aqueous liquid, for example a body fluid, from a position

outside the housing to a position within the housing.



Said restrictor layer may have a thickness, for example an

average thickness, of less than lOOOµm , suitably less than

500µm , preferably less than 250µm , more preferably less

than lOOµm , especially less than 10µm . In especially

preferred embodiments the thickness may be less than 5µm

or even less than 2µm .

Said restrictor layer may have a thickness, for example an

average thickness, of greater than 0.lµm , preferably

greater than 0.5µm , more preferably greater than 0.75µm .

Said restrictor layer may itself be made up of a

plurality, preferably a multiplicity, of different layers.

For example, said restrictor layer may include at least

five, preferably at least ten, more preferably at least

fifteen, especially at least twenty different layers. The

restrictor layer may include less than fifty different

layers .

Where the restrictor layer includes different layers, all

of the layers may not have the same composition.

Preferably, therefore, at least one layer in the

restrictor layer has a different structure or composition

compared to the structure or composition of another layer

of said restrictor layer. Layers of said restrictor layer

are suitably selected to be complimentary to one another

thereby to enhance the ability of the restrictor layer to

restrict passage of fluid. For example, one layer of said

restrictor layer may have defects, for example microscopic

openings, which would otherwise allow some fluid to pass

therethrough. To combat this, a layer adjacent said one

layer may be arranged to compensate for the defects, for

example by having a structure which blocks or otherwise



cooperates with defects, for example openings, thereby to

restrict passage of fluid through said one layer.

Preferably, said restrictor layer includes a first layer

in contact with a second layer and there being a third

layer in contact with the second layer, wherein the first,

second and third layers are superimposed and wherein the

second layer has a different structure or composition

(preferably both a different structure and composition)

compared to the structure and/or composition of the first

and third layers. Preferably, said restrictor layer

includes at least five layers, more preferably at least

ten layers, especially at least twenty layers wherein the

layers are superimposed and adjacent layers have a

different structure or composition (preferably both a

different structure and different composition) .

Preferably each of said five (or ten or twenty layers if

provided) has an average thickness in the range lnm to

200nm, more preferably in the range 5nm to lOOnm.

Said restrictor layer may include a plurality, preferably

a multiplicity, of layers which include titanium moieties.

Said restrictor layer may include at least one layer type

(hereinafter referred to as a "first layer type") which

consists essentially of titanium moieties. Thus, said at

least one first layer type may consist essentially of

titanium metal. Said first layer type may have a thickness

in the range lnm to 200nm, preferably in the range 5nm to

lOOnm. Said restrictor layer may include a multiplicity,

preferably at least three, more preferably at least seven,

layers having the same composition and/or thickness as

said first layer type as described.



Said restrictor layer may include at least one layer type

(hereinafter referred to as a "second layer type") which

does not consist essentially of titanium moieties and

therefore suitably does not consist essentially of

titanium metal. Said second layer type may have a

thickness in the range lnm to 200nm, preferably in the

range 5nm to lOOnm. Said restrictor layer may include a

multiplicity, preferably at least three, more preferably

at least seven, layers having the same composition and/or

thickness as said second layer type as described.

Said second layer type may include titanium moieties.

Said second layer type may also include non-metal

moieties. Said second layer type may comprise a titanium

compound for example a compound consisting of titanium

moieties and a non-metal. A non-metal may be gaseous at

stp; for example it may be oxygen or nitrogen.

Said second layer type preferably includes nitrogen

moieties. Thus, preferably, said second layer type

preferably comprises, more preferably consists essentially

of, titanium and nitrogen moieties and is preferably

therefore a titanium nitride compound. The ratio of

titanium moieties to nitrogen moieties in said second

layer type may be in the range 0.3 to 3 , preferably 0.5 to

2 , more preferably 0.8 to 1.2.

Said restrictor layer preferably includes first to sixth

layers (preferably first to tenth layers) which are

superimposed upon one another wherein adjacent layers have

different compositions and each layer includes titanium



moieties. Preferably alternate layers include both

titanium and nitrogen moieties.

Said restrictor layer preferably includes an outermost

layer (which suitably defines an outer surface of the

housing which may contact body fluids in use) which

comprises titanium moieties and preferably consists

essentially of titanium moieties. Thus, preferably, the

outermost layer consists essentially of titanium metal.

Said housing suitably includes a wall which is defined by

said polymeric material (for example by said wall being

produced by moulding, for example injection moulding, or

the like) . The wall may have a thickness of less than

5mm, or less than 3mm, typically in the range l-3mm. The

ratio of the thickness of the wall (e.g. the average

thickness) to the thickness of the restrictor layer (e.g.

average thickness) may be in the range 500-5000.

Said implantable device may have a volume of less than

50cm 3, preferably less than 35cm 3, more preferably less

than 25cm . The volume may be at least lcm .

Preferably at least 75wt%, more preferably at least 90wt%,

especially at least 95wt%, of said housing is made up of

said polymeric material and said restrictor layer.

Preferably, said housing consists essentially of said

polymeric material and said restrictor layer.

Said housing preferably houses electronic components, for

example arranged to produce a stimulus when part of a

medical device for implantation in a human body.



Said polymeric material may comprise a bio-compatible

polymeric material.

Said bio-compatible polymeric material may be any

polymeric material which is non-toxic and not otherwise

harmful when introduced into the human body.

Said polymeric material may comprise a first polymer as

described hereinafter.

Said first polymer may have a Notched Izod Impact Strength

(specimen 80mm x 10mm x 4mm with a cut 0.25mm notch (Type

A), tested at 23 0C , in accordance with ISO180) of at least

4KJm 2, preferably at least 5KJm 2, more preferably at

least 6KJm 2 . Said Notched Izod Impact Strength, measured

as aforesaid, may be less than 10KJm 2, suitably less than

8KJm 2 .

The Notched Izod Impact Strength, measured as aforesaid,

of the plastic material may be at least 3KJm 2, suitably

at least 4KJm 2, preferably at least 5KJm 2 . Said impact

strength may be less than 50 KJm 2, suitably less than

30KJm 2 .

Said first polymer suitably has a melt viscosity (MV) of

at least 0.06 kNsm 2, preferably has a MV of at least 0.09

kNsm 2, more preferably at least 0.12 kNsm 2, especially at

least 0.15 kNsm 2 .

MV is suitably measured using capillary rheometry

operating at 400 0C at a shear rate of 1000s 1 using a

tungsten carbide die, 0.5x3. 175mm.



Said first polymer may have a MV of less than 1.00 kNsm ,

preferably less than 0.5 kNsm 2 .

Said first polymer may have a MV in the range 0.09 to 0.5

kNsm 2, preferably in the range 0.14 to 0.5 kNsm 2 .

Said first polymer may have a tensile strength, measured

in accordance with ISO527 (specimen type Ib) tested at

23 0C at a rate of 50mm/minute of at least 20 MPa,

preferably at least 60 MPa, more preferably at least

80 MPa. The tensile strength is preferably in the range

80-110 MPa, more preferably in the range 80-100 MPa.

Said first polymer may have a flexural strength, measured

in accordance with ISO178 (80mm x 10mm x 4mm specimen,

tested in three-point-bend at 23 0C at a rate of

2mm/minute) of at least 50 MPa, preferably at least 100

MPa, more preferably at least 145 MPa. The flexural

strength is preferably in the range 145-180MPa, more

preferably in the range 145-164 MPa.

Said first polymer may have a flexural modulus, measured

in accordance with ISO178 (80mm x 10mm x 4mm specimen,

tested in three-point-bend at 23 0C at a rate of

2mm/minute) of at least 1 GPa, suitably at least 2 GPa,

preferably at least 3 GPa, more preferably at least 3.5

GPa. The flexural modulus is preferably in the range 3.5-

4.5 GPa, more preferably in the range 3.5-4.1 GPa.

Said first polymer may be amorphous or semi-crystalline.

It is preferably semi-crystalline.



The level and extent of crystallinity in a polymer is

preferably measured by wide angle X-ray diffraction (also

referred to as Wide Angle X-ray Scattering or WAXS), for

example as described by Blundell and Osborn (Polymer 24,

953, 1983). Alternatively, crystallinity may be assessed

by Differential Scanning Calerimetry (DSC) .

The level of crystallinity of said first polymer may be at

least 1%, suitably at least 3%, preferably at least 5% and

more preferably at least 10%. In especially preferred

embodiments, the crystallinity may be greater than 25%.

The main peak of the melting endotherm (Tm) of said first

polymer (if crystalline) may be at least 300 0C .

Said first polymer may include a polymeric moiety which is:

an acrylate (e.g. it comprises or consists of

methylmethacrylate moieties); a urethane; a vinyl chloride;

a silicone; a siloxane (eg comprising dimethylsiloxane

moieties); a sulphone; a carbonate; a fluoroalkylene (e.g.

a fluoroethylene) ; an acid (e.g. a glycolic acid or lactic

acid); an amide (e.g. comprising nylon moieties); an

alkylene (e.g. ethylene or propylene); an oxyalkylene (e.g.

polyoxymethylene) ; an ester (e.g. polyethylene

terephthalate) , an ether (e.g. an aryletherketone, an

arylethersulphone (e.g. polyethersulphone or

polyphenylenesulphone) or an ether imide) .

Said first polymer may be selected from a polyalkylacrylate

(e.g. polymethylmethacrylate), a polyf luoroalkylene (e.g.

PTFE), a polyurethane, a polyalkylene (e.g. polyethylene or

polypropylene), a polyoxyakylene (e.g. polyoxymethylene), a

polyester (e.g. polyethylene terephthalate or polybutylene



terephthalate) , a polysulphone, a polycarbonate, a polyacid

(e.g. polyglycolic acid or polylactic acid), a polyalkylene

oxide ester (e.g. polyethylene oxide terephalate) a

polyvinylchloride, a silicone, a polysiloxane, a nylon, , a

polyaryletherketone, a polarylethersulphone, a polyether

imide and any copolymer which includes any of the

aforementioned.

Preferably, said first polymer is selected from

polyethylene, polypropylene, silicone and

polyetheretherketone . More preferably, said polymeric

material is selected from polyethylene, polypropylene,

silicone and polyetheretheketone .

Said first polymer may include a repeat unit of general

formula

or a repeat unit of general formula

wherein A , B , C and D independently represent 0 or 1 ,

E and E ' independently represent an oxygen or a sulphur

atom or a direct link, G represents an oxygen or sulphur



atom, a direct link or a -O-Ph-0- moiety where Ph

represents a phenyl group, m , r , s , t , v , w , and z

represent zero or 1 and Ar is selected from one of the

following moieties (i) to (v) which is bonded via one or

more of its phenyl moieties to adjacent moieties



Unless otherwise stated in this specification, a phenyl

moiety has 1,4-, linkages to moieties to which it is

bonded.

Said first polymer may be a homopolymer which includes a

repeat unit of IV or V or may be a random or block

copolymer of at least two different units of IV and/or V .

As an alternative to a first polymer comprising units IV

and/or V discussed above, said first polymer may include a

repeat unit of general formula

or a homopolymer having a repeat unit of general formula

wherein A , B , C , and D independently represent 0 or 1 and

E , E', G , Ar, m , r , s , t , v , w and z are as described in

any statement herein.

Said first polymer may be a homopolymer which includes a

repeat unit of IV* or V* or a random or block copolymer of

at least two different units of IV* and/or V*.

Preferably, said first polymer is a homopolymer having a

repeat unit of general formula IV.



Preferably Ar is selected from the following moieties (vi]

to (x)

In (vii), the middle phenyl may be 1,4- or 1 ,3-substituted.

It is preferably 1 ,4-substituted.

Suitable moieties Ar are moieties (ii) , (iii), (iv) and (v)

and, of these, moieties, (ii), (iii) and (v) are preferred.



Other preferred moieties Ar are moieties (vii) , (viii),

(ix) and (x) and, of these, moieties (vii) , (viii) and (x)

are especially preferred.

An especially preferred class of first polymers are

polymers (or copolymers) which consist essentially of

phenyl moieties in conjunction with ketone and/or ether

moieties. That is, in the preferred class, the first

polymer does not include repeat units which include -S-, -

SO2- or aromatic groups other than phenyl. Preferred first

polymers, for example bio-compatible polymeric materials of

the type described include:

(a) a polymer consisting essentially of units of

formula IV wherein Ar represents moiety (v) , E and

E ' represent oxygen atoms, m represents 0 , w

represents 1 , G represents a direct link, s

represents 0 , and A and B represent 1 (i.e.

polyetheretherketone) .

(b) a polymer consisting essentially of units of

formula IV wherein E represents an oxygen atom, E '

represents a direct link, Ar represents a moiety

of structure (ii) , m represents 0 , A represents 1 ,

B represents 0 (i.e. polyetherketone) ;

(c) a polymer consisting essentially of units of

formula IV wherein E represents an oxygen atom, Ar

represents moiety (ii) , m represents 0 , E '

represents a direct link, A represents 1 , B

represents 0 , (i.e. polyetherketoneketone) .



(d) a polymer consisting essentially of units of

formula IV wherein Ar represents moiety (ii), E

and E ' represent oxygen atoms, G represents a

direct link, m represents 0 , w represents 1 , r

represents 0 , s represents 1 and A and B represent

1 . (i.e. polyetherketoneetherketoneketone) .

(e) a polymer consisting essentially of units of

formula IV, wherein Ar represents moiety (v) , E

and E ' represents oxygen atoms, G represents a

direct link, m represents 0 , w represents 0 , s , r ,

A and B represent 1 (i.e.

polyetheretherketoneketone) .

(f) a polymer comprising units of formula IV, wherein

Ar represents moiety (v) , E and E ' represent

oxygen atoms, m represents 1 , w represents 1 , A

represents 1 , B represents 1 , r and s represent 0

and G represents a direct link (i.e. polyether-

diphenyl-ether-phenyl-ketone-phenyl-) .

Said first polymer may consist essentially of one of units

(a) to (f) defined above. Alternatively, said may

comprise a copolymer comprising at least two units

selected from (a) to (f) defined above. Preferred

copolymers include units (a) . For example, a copolymer

may comprise units (a) and (f ); or may comprise units (a)

and (e) .

Said first polymer for example bio-compatible polymeric

material preferably comprises, more preferably consists

essentially of, a repeat unit of formula (XX)



where tl, and wl independently represent 0 or 1 and vl

represents 0 , 1 or 2. Preferred first polymers have a said

repeat unit wherein tl=l, vl=0 and wl=0; tl=0, vl=0 and

wl=0 ; tl=0 , wl=l , vl=2 ; or tl=0 , vl=l and wl=0. More

preferred have tl=l , vl=0 and wl=0 ; or tl=0 , vl=0 and

wl=0. The most preferred has tl=l, vl=0 and wl=0 .

In preferred embodiments, said first polymer is selected

from polyetheretherketone, polyetherketone,

polyetherketoneetherketoneketone and

polyetherketoneketone . In a more preferred embodiment,

said first polymer is selected from polyetherketone and

polyetheretherketone. In an especially preferred

embodiment, said first polymer is polyetheretherketone.

Suitably at least 90wt%, preferably at least 95wt%, more

preferably at least 98wt% of said polymeric material of

said housing is made up of said first polymer.

Preferably, said housing includes a continuous coating of

said restrictor layer on said first polymer, suitably over

the entire outer surface of said first polymer, suitably

so that substantially none of said first polymer is

exposed to the outside and may contact fluid in use.

Suitably, the diffusion lag time of water through the

restrictor layer as measured by ELS as described

hereinafter is equal to or less than 10 10 m2/s, preferably

equal to or less than 10 12 m2/s, more preferably equal to



or less than ICT14 m2/s, especially equal to or less than

1(T 16 m2/s.

According to a second aspect of the invention, there is

provided a method of making a housing of an implantable

device, the method comprising:

(a) selecting a housing or parts of a housing, wherein

said housing or parts comprises a polymeric material;

(b) forming a restrictor layer on said housing or parts of

said housing, wherein said restrictor layer comprises a

material which includes titanium moieties.

At least part, preferably substantially the entirety, of

said restrictor layer may be made by a physical vapour

deposition (PVD) technique. The technique may be selected

from magnetron sputtering, vacuum evaporation, cathodic

arc evaporation, ion-plating, ion-beam sputtering and

pulsed laser ablation. Preferably, the PVD technique

comprises magnetron sputtering. The layer is suitably

prepared from a coating flux created as a vapour from a

solid source under a partial vacuum. Said layer is

suitably prepared in a sputtering process.

Said method may include:

(a) arranging a substrate comprising titanium moieties in

a vacuum chamber;

(b) causing titanium moieties to be sputtered from said

substrate;



(c) arranging said housing or parts of said housing in the

vacuum chamber on which the titanium moieties may

condense .

Said method may include introducing another material into

said vacuum chamber which may also be arranged to condense

on the substrate. The other material may comprise a

nitrogen-containing gas.

The method may include varying conditions in said vacuum

chamber to vary the structure and/or composition of

material which may condense on said housing or parts

thereof thereby to build up a plurality or multiplicity of

layers which have different structures and/or compositions

as described according to the first aspect.

The method may include varying conditions so that one or

more layers which are formed on the substrate consist

essentially of titanium moieties.

The method preferably involves selecting a housing (rather

than simply parts thereof which may be formed into a

housing) and forming said restrictor layer thereon. The

housing may comprise two or more parts which have been

secured together prior to formation of said restrictor

layer .

The housing may incorporate electronic components, for

example arranged to produce a stimulus when part of a

medical device for implantation in a human body, prior to

formation of said restrictor layer.



According to a third aspect of the invention, there is

provided a method of restricting passage of fluid, for

example a liquid such as a body fluid, into a housing of

an implantable device, the method comprising: providing a

restrictor layer on said housing or parts which are

arranged to form said housing, wherein said restrictor

layer comprises a material which includes titanium

moieties .

The method of the third aspect may be carried out in

accordance with the method of the second aspect .

According to a fourth aspect of the invention, there is

provided a method of applying a stimulus to a human body,

the method including associating an implantable device as

described herein with the body to be stimulated.

According to a fifth aspect of the invention, there is

provided the use of an implantable device as described

herein for applying a stimulus to a human body.

Any feature of any aspect of any invention or embodiment

described herein may be combined with any feature of any

aspect of any other invention or embodiment described

herein mutatis mutandis.

Specific embodiments of the invention will now be

described, by way of example, with reference to the

accompanying schematic drawings, in which:

Figure 1 is a cross-section through an implantable device;



Figure 2 is an enlarged view of the area contained within

region II of figure 1;

Figure 3 is a schematic illustration of an arrangement

used to expose coated substrates;

Figure 4 is a graph of water uptake against time for

example 4 at 370C ;

Figure 5 is a graph of water uptake against time for

example 4 at 600C ;

Figure 6 is a graph of water uptake against time for

example 4 obtained by ELS;

Figure 7 is a graph of water uptake against time for

example 5 at 370C ;

Figure 8 is a graph of water uptake verse against time for

example 5 at 6O 0C and

Figure 9 is a graph of water uptake against time for

example 5 obtained by ELS.

Referring to figures 1 and 2 , an implantable device 2

comprises a housing 4 which comprises injection moulded

(or machined) housing wall halves 6 , 8 which define an

enclosed interior region 10 within which a stimulator 12

and power source 14 are arranged. The housing also

includes a coating 16 which covers substantially the

entirety of the outer surfaces of the wall halves so as to

hermetically seal the housing and substantially prevent

ingress of moisture into the interior region 10, in use.



Referring to figure 2 , the wall halves 6 , 8 comprise

polyetheretherketone polymer which is injection moulded to

define the halves 6 , 8 . After stimulator 12 and power

source 14 (and any other components which are to be

contained in interior region 10) have been arranged

between the wall halves 6 , 8 , the halves may be secured

together by a suitable means, for example by welding

and/or as described in US2006/0259090 . Then to provide a

hermetically sealed housing, the polyetheretherketone

polymer of the housing halves is coated, using plasma

vapour deposition (PVD), to define a multiple layer (40

layer) coating which comprises alternate layers of

titanium 20 and titanium nitride 22. The outer layer 20a

comprises substantially pure titanium and suitably the sum

of the number of titanium and titanium nitride layers is

40. Each titanium layer may have a thickness of 20nm, and

each titanium nitride layer may have a thickness of IOnm.

Thus, the overall thickness of the coating is lµm .

In view of the PVD method used, there may not be a sharp

distinction at each interface between titanium layers 20

and contiguous titanium nitride layers 32. There may be a

gradual increase in the level of nitrogen contained in the

layer on moving away from an interface into a titanium

nitride layer; and a gradual decrease in the level of

nitrogen contained in a layer on moving away from an

interface into a titanium layer.

It is found that the combination of polymer and a

multilayer coating provides an outstanding barrier to

passage of water as illustrated further below.



Example 1 - General procedure for provision of multiple

layer coatings

Multiple layer coatings were prepared using a PVD process

in a Closed Field Unbalanced Magnetron Sputter Ion Plating

process using a Teer CFUBMSIP system provided by Teer

Coatings Limited, UK. In the process, an approximately

40nm titanium layer is applied to a polyetheretherketone

substrate by PVD followed by an approximately IOnm layer

of titanium nitride followed by further respective 40nm

and IOnm layers of titanium and titanium nitride to build

up a multilayer coating having a thickness of about lµm .

The maximum temperature the substrate may be subjected to

during the coating process may be less than 16O 0C .

Example 2 - General procedure for assessment of coated

substrates

Samples prepared as described hereinafter were exposed to

water according to the methodology described in ASTM C581.

ASTM C581 combined with the principles of ASTM D570 is a

standard gravimetric practice for determination of the

chemical resistance and diffusion behaviour of composites

intended for use in liquids. During the experiments the

samples were in an unstressed state. The baseline

exposure conditions were a temperature of 370C and a

pressure of 1 bar.

To obtain insight into the temperature dependence and

chemical degradation behaviour, a second set of

measurements were made at 6O 0C .



Figure 3 schematically illustrates the exposure

arrangement used.

After exposure to water for the specified time, samples

were removed and dried in a vacuum oven at 5O 0C until a

constant dry weight was achieved. Results are summarised

in graphs provided hereinafter.

Electrical Impedance Spectroscopy (ELS) was also carried

out to validate the findings obtained using the above

gravimetric method. In the ELS method, the coated side of

the samples were continuously exposed to water with a

humidity of 90% at 25 0C . The non-coated side was

protected from direct contact with atmospheric moisture

during the test method.

To measure the electrical impedance of the polymer, the

equipment electrodes were connected to the polymer. If

water diffuses through the coating, there will be a lag

time for water uptake of the polymer. After the lag time,

the solubility of water - and the diffusion of water into

the polymer - will change the electrical impedance of the

system. From this change, the diffusion and eventual

chemical degradation characteristics can be derived.

Examples 3 to 6 - Samples tested

Various samples were prepared for testing as described in

the table below. It should be noted that

polyetheretherketone film, obtainable from Victrex PIc,

Thornton Cleveleys, UK, has a matt side (Ra 0.5 to lµm )

and a glossy side (Ra about 0.1 µm ) .



Results and Discussion

The samples of Examples 3 to 6 were assessed as described

in Example 2. The example 3 material absorbed an

excessive amount of water and therefore is unsuitable for

use for a housing which is required to be substantially

impermeable to water.

The example 4 material exhibited an uptake as illustrated

in figures 4 and 5 . An ELS measurement was also carried

out and results are provided in figure 6 .



The example 5 material exhibited an uptake as illustrated

in figures 7 and 8 . An ELS measurement was also carried

out and results are provided in figure 9 .

Comparing the results for the example 4 and 5 materials,

it will be noted that whilst the example 4 material

provides some restriction to water ingress, the example 5

material is superior and this is graphically illustrated

by comparing figures 6 and 9. The example 5 arrangement

is found to have a diffusivity of ICT 16 m2/s or less.

In tests on the example 6 sample, results comparable to

that described for example 5 were achieved.

The invention is not restricted to the details of the

foregoing embodiment (s) . The invention extends to any

novel one, or any novel combination, of the features

disclosed in this specification (including any

accompanying claims, abstract and drawings), or to any

novel one, or any novel combination, of the steps of any

method or process so disclosed.



Claims

1 . An implantable device comprising a housing which

comprises a polymeric material wherein said housing

includes a restrictor layer for restricting passage of

fluid into an interior region of the housing, wherein said

restrictor layer comprises a material which includes

titanium moieties.

2 . A device according to claim 1 , wherein said restrictor

layer is provided over at least 90% of the outer surface

area of the housing.

3 . A device according to claim 1 or claim 2 , wherein said

restrictor layer has a thickness of less than lOOOµm .

4 . A device according to any preceding claim, wherein

said restrictor layer is itself made up of a multiplicity

of different layers.

5 . A device according to any preceding claim, wherein the

restrictor layer includes a multiplicity of layers, not

all of which have the same composition.

6. A device according to any preceding claim, wherein

said restrictor layer includes a first layer in contact

with a second layer and there being a third layer in

contact with the second layer, wherein the first, second

and third layers are superimposed and wherein the second

layer has a different structure or composition compared to

the structure and/or composition of the first and third

layers .



7 . A device according to any preceding claim, wherein

said restrictor layer includes at least one layer type

(hereinafter referred to as a "first layer type") which

consists essentially of titanium moieties, wherein said

restrictor layer includes a multiplicity of layers having

the same composition as said first layer type.

8 . A device according to claim 7 , wherein said restrictor

layer includes at least one layer type (hereinafter

referred to as a "second layer type") which does not

consist essentially of titanium moieties.

9 . A device according to claim 8 , wherein said restrictor

layer including a multiplicity of layers having the same

composition as said second layer type.

10. A device according to claim 8 or claim 9 , wherein said

second layer type includes titanium moieties and also

includes non-metal moieties.

11. A device according to any of claims 8 to 10, wherein

said second layer type includes nitrogen moieties.

12. A device according to any of claims 8 to 11, wherein

said second layer type comprises a titanium nitride

compound.

13. A device according to any preceding claim, wherein

said restrictor layer includes an outermost layer which

comprises titanium moieties.

14. A device according to any preceding claim, wherein

said housing houses electronic components arranged to



produce a stimulus when part of a medical device for

implantation in a human body.

15. A device according to any preceding claim, wherein

said polymeric material comprises a bio-compatible

polymeric material.

16. A device according to any preceding claim, wherein

said polymeric material comprises a first polymer which

comprises a repeat unit of formula (XX)

where tl and wl independently represent 0 or 1 and vl

represents 0 , 1 or 2.

17. A device according to any preceding claim, wherein

said polymeric material comprises a first polymer which is

polyetheretherketone .

18. A device according to any preceding claim, wherein

said housing includes a continuous coating of said

restrictor layer over the entire outer surface of said

polymeric material.

19. A device according to any preceding claim, wherein the

diffusion lag time of water through the restrictor layer

as measured by ELS is equal to or less than ICT 10 m2/s.

20. A method of making a housing of an implantable device,

the method comprising:



(a) selecting a housing or parts of a housing, wherein

said housing or parts comprise a polymeric material;

(b) forming a restrictor layer on said housing or parts of

said housing, wherein said restrictor layer comprises a

material which includes titanium moieties.

21. A method according to claim 20, wherein said method

includes :

(a) arranging a substrate comprising titanium moieties in

a vacuum chamber;

(b) causing titanium moieties to be sputtered from said

substrate;

(c) arranging said housing or parts of said housing in the

vacuum chamber on which the titanium moieties may

condense .

22. A method according to claim 20 or claim 21, wherein

said method includes introducing another material into

said vacuum chamber which may also be arranged to condense

on the substrate.

23. A method according to any of claims 20 to 22, wherein

said housing incorporates electronic components prior to

formation of said restrictor layer.

24. A method of restricting passage of fluid, for example

a liquid such as a body fluid, into a housing of an

implantable device, the method comprising: providing a

restrictor layer on said housing or parts which are



arranged to form said housing, wherein said restrictor

layer comprises a material which includes titanium

moieties .

25. A method of applying a stimulus to a human body, the

method including associating an implantable device

according to any of claims 1 to 19 with the body to be

stimulated.
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