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Electrically Responsive Composite Material, A Method of

Manufacture and a Transducer Produced Using Said Material

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from United Kingdom Patent

Application number 0815724.0, filed 29 August 2008, from United Kingdom

Patent Application number 0901 103.2, filed 23 January 2009, and from United

Kingdom patent application number 0909001.0 filed 26 May 2009, the whole

contents of which are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a method of producing an electrically

responsive composite material configurable for application in a transducer. The

present invention also relates to an electrically responsive composite material

configurable for application in a transducer. The present application also relates

to a method of fabricating a transducer and to a transducer having a substrate for

supporting a flowable polymer liquid.

2. Description of the Related Art

[0003] An electrically responsive composite material configurable for

application in a transducer is described in US 6,291,568. The composite material

includes electrically conductive particles dispersed within and encapsulated by a

non-conductive polymer. The nature and concentration of the particles is such



that the electrical resistivity of the material is variable in response to distortion

forces being applied thereto. However, the polymer material is not in a liquid form

which in turn restricts the total number of applications for which the material may

be deployed. Furthermore, the disclosed material relies on the presence of void-

bearing particles with protrusions such that electric fields are concentrated and

conduction is permitted by field-assisted quantum tunnelling. However, it has

been found, that materials of this type introduce undesirable levels of electrical

noise when deployed in transducer applications.

[0004] An electrically responsive composite material configurable for

application in a transducer is described in WO 2008/135,787, the whole contents

of which are included herein by way of reference. The disclosed material has a

substantially non-conductive polymer with first electrically conductive particles

that have void-bearing structures in combination with second electrically

conductive particles that are acicular in shape. The polymer material described in

WO 2008/135,787 allows transducers to be developed that exhibit far superior

noise characteristics due to the presence of the acicular particles. However, the

presence of the void-bearing particles creates difficulties in terms of developing a

flowable polymer liquid for application in a device, whereafter a transition is

facilitated to convert the flowable polymer liquid into a resilient solid polymer.

[0005] An alternative proposal is identified in WO 2008/135,787 in which a

non-conducting polymer is mixed with acicular conductive particles, with no void-

bearing particles being present. The proposal of WO 2008/135,787 also identifies

the possibility of manufacturing the composite material using a non-conductive

solvent or water based polymer such that the material is usable as a flowable



polymer liquid thereby facilitating its application in transducer devices. However,

further problems have been identified with composite materials of this type when

used in transducer applications.

[0006] Known devices do allow a resilient material to be formed (possibly by

evaporation of a solvent) that exhibit a property to the effect that electrical

resistance may vary when a force is applied. However, materials of this type

show an inadequate response prior to the material becoming sensitive to the

application of pressure. Thus, the inventors have found that the provision of spiky

void-bearing particles present in the material described in US 6,291 ,568 provides

a first touch sensitivity. However, the presence of these particles has the

disadvantage of introducing electrical noise and they are difficult to deploy in

situations where a flowable polymer liquid is required for construction purposes.

BRIEF SUMMARY OF THE INVENTION

[0007] According to a first aspect of the present invention, there is provided

a method of producing an electrically responsive composite material configurable

for application in a transducer, comprising the steps of: receiving a flowable

polymer liquid; introducing electrically conductive acicular particles to facilitate

the conduction of electricity by quantum tunnelling; and adding dielectric particles

of a size relative to said acicular particles such that a plurality of said dielectric

particles are dispersible between adjacent acicular particles.

[0008] In a preferred embodiment, the electrically responsive composite

material is configurable in a transducer by applying said material in its flowable

liquid form and facilitating a transition to a resilient solid form.



[0009] According to a second aspect of the present invention, there is

provided an electrically responsive composite material configurable for

application in a transducer, comprising a flowable polymer liquid; electrically

conductive acicular particles that facilitate the conduction of electricity through a

solid polymer by quantum tunnelling; and dielectric particles of a size such that a

plurality of said dielectric particles are dispersed between many adjacent acicular

particles.

[0010] In a preferred embodiment, the dielectric material is titanium dioxide.

Preferably, the acicular particles have a large dimension and a small dimension

and the size of said dielectric particles is of a similar order to said small

dimension. The small dimension may have a size of between 10 nano-metre and

300 nano-metre.

[0011] According to a third aspect of the present invention, there is provided

a method of fabricating a transducer, comprising the steps of: applying a flowable

polymer liquid that contains electrically conductive acicular particles and

dielectric particles; facilitating a transition of said flowable polymer liquid to a

resilient solid polymer, in which said resilient solid polymer has conductive

acicular particles dispersed therein in combination with said dielectric particles;

wherein said dielectric particles are of a size relative to said acicular particles

such that a plurality of said dielectric particles are dispersed between adjacent

acicular particles.



[0012] In a preferred embodiment, the flowable polymer liquid is applied to a

circuit board. In an alternative preferred embodiment, the flowable polymer is

applied to an electrode, a textile or a film.

[0013] According to a fourth aspect of the present invention, there is

provided a transducer having a substrate for supporting a flowable polymer

liquid, facilitating a transition of said flowable polymer liquid to form a resilient

solid polymer material and facilitating the connection of said resilient solid

polymer material to an electric circuit, wherein: said resilient polymer material has

conductive acicular particles dispersed therein in combination with dielectric

particles; and said dielectric particles are of a size relative to said acicular

particles such that a plurality of said dielectric particles are dispersed between

adjacent acicular particles.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0014] Figure 1 illustrates a method of production and use of a material

embodying the present invention;

[0015] Figure 2 shows a generalised acicular shape;

[0016] Figure 3a is a table that shows relative amounts (by weight) of resin,

solvent, dielectric powder and acicular electrically active powder for first and

second examples of compositions according to the invention.

[0017] Figure 3b is a table that shows relative amounts (by weight) of resin,

solvent, dielectric powder and spherical electrically active powder for first and

second examples of reference compositions according to prior art.

[0018] Figure 4 is a graphic representation showing the force profile applied

to a first composition sample according to this invention (Figure 3a - acicular



electrically active powder) and a first reference composition (Figure 3b -

spherical electrically active powder) described in the first example. The force

profile shown defines a single run.

[0019] Figure 5 is a graphic representation showing the resistance profiles

of a first composition sample according to this invention [Figure 3a - acicular

electrically active powder) described in the first example, subjected to 100

repetitions of the single run described in Figure 4, for specific run numbers.

[0020] Figure 6 is a graphic representation showing the Resistance profiles

of a first reference composition sample (Figure 3b - spherical electrically active

powder) described in the first example, subjected to 100 repetitions of the single

run described in Figure 4 , for specific run numbers.

[0021] Figure 7 shows a graphic representation plotting resistance at 200

Newtons (N) (normalised to resistance at 200N for run 1) v run number for the

first composition sample according to this invention (Figure 3a - acicular

electrically active powder), and the first reference composition sample (Figure 3b

- spherical electrically active powder), described in the first example;

[0022] Figure 8 is a graphic representation plotting resistance v force

(normalised to the resistance at first contact) for the first composition sample

according to this invention (Figure 3a - acicular electrically active powder) and

the first reference composition sample (Figure 3b - spherical electrically active

powder), described in the first example, for specific run numbers.

[0023] Figure 9 shows a portion of Figure 8 in further detail.

[0024] Figure 10 is a graphic representation showing the force profile

applied to a second composition sample according to this invention (Figure 3a -

acicular electrically active powder) and a second reference composition (Figure



3b - spherical electrically active powder) described in the second example. The

force profile shown defines a single run.

[0025] Figure 11 is a graphic representation showing the resistance profiles

of a second composition sample according to this invention (Figure 3a - acicular

electrically active powder) described in the second example, subjected to 200

repetitions of the single run described in Figure 10, for specific run numbers.

[0026] Figure 12 is a graphic representation showing the resistance profiles

of a second reference composition sample (Figure 3b - spherical electrically

active powder) described in the second example, subjected to 200 repetitions of

the single run described in Figure 10, for specific run numbers.

[0027] Figure 13 shows a graphic representation plotting resistance at 5ON

(normalised to resistance at 5ON for run 1) for the 1st and every 10th run number

for the second composition sample according to this invention (Figure 3a -

acicular electrically active powder) and the second reference composition sample

(Figure 3b - spherical electrically active powder), described in the second

example;

[0028] Figure 14 shows a unit of composition according to the present

invention;

[0029] Figure 15 illustrates a mode of conduction embodying the present

invention;

[0030] Figure 16 shows a composition according to the present invention in

the form of a lamina;

[0031] Figure 17 shows a composition according to the present invention in

the form of a film;

[0032] Figure 18 shows a composition according to the present invention in

the form of a sheet;



[0033] Figure 19 illustrates a method of producing a sheet of composition

according to the present invention;

[0034] Figure 20 illustrates a method of applying the composition to a

substrate;

[0035] Figure 21 shows an example application of a polymer composition

according to the present invention; and

[0036] Figure 22 shows a further example of an application of a polymer

composition according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1

[0037] A method of producing an electrically responsive composite material

configurable for application in a transducer is illustrated in Figure 1. A flowable

polymer liquid 101 is received within a mixing process 102. Electrically

conductive acicular particles 103 are introduced to said mixing process 102

which facilitate the conduction of electricity by quantum tunnelling. Furthermore,

dielectric particles 104 are added of a size relative to the acicular particles such

that a plurality of the dielectric particles are dispersed between many adjacent

acicular particles.

[0038] Operation of the device depends predominantly on quantum

tunnelling therefore any transducer device relying on the material relies heavily

on electric field emission. As is known, the inclusion of dielectric particles impact

upon the dielectric characteristics of the resulting composite and would therefore

tend to have a detrimental effect upon the required electric field emission. Thus,

it would normally appear counter intuitive to include dielectric particles within a



composite which relies so heavily on electric field emission in order to achieve

the desired operational performance.

[0039] After mixing at step 102 the material may be stored and transported

as shown at step 105. The flowable polymer liquid may take on a consistency

substantially similar to an ink and the dielectric particles may be obtained in the

form of an ink, commercially available as such. The acicular particles are small

enough for them to be included in a pigment and the dielectric particles are

smaller. In a preferred embodiment, the large dimension of the acicular particles

is in the micron range, with the small dimension of the acicular particles being in

the nano range with the dielectric particles having a substantially similar scale.

[0040] The relative sizes of the particles are such that a plurality of dielectric

particles lie between many (not necessarily all) adjacent acicular particles.

Preferably, the dielectric particles are coated with an organic material thereby

making them dispersible and stopping them sticking together in a lump. This

facilitates the dispersion of the particles such that a plurality may lie between

many adjacent pairs of acicular particles.

[0041] There is a barrier between particles that it is necessary to tunnel

through in order to achieve conduction. Unless the particles are in direct contact,

very little current will flow. However, the presence of acicular particles with their

pointed ends (as described in WO 2008/135,787) creates fields that narrow the

energy barrier such that tunnelling becomes possible. The field at the points of

the acicular particles is reduced by the dielectric material because the dielectric

constant has gone up. However, the dielectric particles introduce additional



energy levels that can assist the tunnelling process and effectively reduce the

tunnelling distance. The charges go through a slightly more complex path. Thus,

in the right circumstances it is possible to obtain high current, where a lower

current would have been predicted. This in turn changes the initial characteristic

to give the desirable first touch behaviour. The inclusion of the dielectric particles

also tends to provide a larger active range which in combination with the

immediate finger touch effect allows transducers to be developed with highly

desirable characteristics.

[0042] Further investigation has revealed that without the presence of the

dielectric particles, it is possible for a build-up of charge to occur in the polymer

regions. This makes the composite material more conductive but with continued

application of force, the material increases its conductivity so that there is a drift

in terms of its overall response. Further experiment has shown that in the

presence of the dielectric particles, this drift tends not to happen.

[0043] It is also known that acicular particles tend to be less stable over the

longer term due to their mechanical properties. They are less stable under high

forces because more opportunities exist for deformation to occur; a needle can

be bent or snapped for example. The dielectric particles improve this position

such that the mechanical integrity of the material is enhanced.

[0044] To summarise, although counter intuitive for reasons of decreasing

the available electric field, the inclusion of the dielectric particles improves the

first touch response of the transducer mechanism, increases the repeatability of



the transducer mechanism by reducing drift and also improves the overall

mechanical integrity of the material.

[0045] As illustrated in Figure 1, when deployed, the material may be

applied as a liquid, as illustrated at 106.

[0046] At step 107 a transition occurs from the liquid state to a resilient solid

state. This transition may occur due to the evaporation of a solvent; the solvent

being water or an organic solvent for example dependent upon the nature of the

polymer. Alternatively, for silicon based polymers, it is possible for the material to

be cured or set by the addition of a setting agent. In an alternative mode for

effecting the transition at step 107, it is possible for some polymer materials to be

cured in the presence of radiation, such as ultraviolet radiation.

[0047] Thereafter, having created the resilient transducer material, the

overall device may be fabricated, as illustrated by step 108.

Figure 2

[0048] A generalised acicular shape is illustrated in Figure 2. Shape 201 has

a width 202, height 203 and a length 204. The ratio of the length to the width of a

shape is referred to herein as 'the aspect ratio'. Herein, the term 'acicular' is used

to describe a shape that has an aspect ratio that is greater than 1: 1 . The term

'spherical' is used to describe a shape that has a circular cross-section and an

aspect ratio equal to 1:1. Both regularly and irregularly shaped acicular particles

may be used in the composition.



Figures 3A and 3B

[0049] Figure 3A is a table that shows relative amounts (by weight) of resin,

solvent, dielectric powder and electrically active acicular powder for first and

second examples of polymer compositions according to this invention. Figure 3B

is a table that shows relative amounts (by weight) of resin, solvent, dielectric

powder and electrically active spherical powder for first and second examples of

reference polymer compositions according to prior art.

Figures 4-9

[0050] Figures 4-9 relate to a first example of polymer composition.

[0051] In Example 1 outlined below, a first composition contains electrically

semi-conductive acicular powder as the electrically active filler, whereas a first

reference composition contains electrically semi-conductive spherical powder as

the electrically active filler.

EXAMPLE 1:

First composition (acicular electrically active filler)

[0052] Polyplast Type PY383 is a solvent-based vinyl resin. 73.5g of PY383

were measured into a beaker. Added to this were 55.3g Polyplast ZV545 solvent,

83.4g Kronos Type 1080 titanium dioxide powder and 37.8g lshihara FT-2000

acicular semi-conductive powder. FT-2000 comprises titanium dioxide coated

with tin dioxide that has been doped with antimony. The ingredients were stirred

manually for five minutes and then decanted into a Qispermat VMA-Getzmann

Model D-51580 bead mill charged with 80cc 0.8-1 .0mm beads. The blend was



driven through the bead chamber (rotating at 4000 rpm) using a Dispermat SL

press at 0.7 ml/second.

[0053] After decantation from the bead mill the composition was doctor

bladed onto 50 micron brass shim and dried in an oven at 9OC for 30 mins.

First reference composition (spherical electrically active filler)

[0054] As a comparison, a blend containing 62.5g Polyplast Type PY383,

47.Og Polyplast ZV545 solvent, 70.9g Kronos Type 1080 titanium dioxide and

69.6g lshihara ET-500W spherical semi-conductive powder was bead milled,

doctor bladed and cured under the same conditions as described above. ET-

500W is the same composition as FT-2000, differing only in shape.

Testing

[0055] The loadings of the FT-2000 and ET-500W were chosen to equalize

their relative surface areas in the compositions, thus producing inks with similar

uncured viscosities.

[0056] The resistance-force responses of the samples were measured using

an lnstron Model 5543 Single Column Testing System, with a 500N load cell. A

1cm x 1cm square of 50 micron brass shim was placed on the surface of the

samples as a top electrode; the bottom electrode was the brass shim that the

samples were doctor bladed onto. A 4mm diameter stainless steel probe

compressed the brass shim/ ink/ brass shim structure at a rate of 5mm/min from



ON to 200N to ON, repeated 100 times. The electrical resistance of the samples

was measured using a Keithley 2000 digital multimeter.

[0057] Figure 4 is a graphic representation showing the force profile applied

to a first composition sample (acicular electrically active powder) and a first

reference composition (spherical electrically active powder) of Example 1, the

force profile defining a single run.

[0058] Figure 5 is a graphic representation showing the resistance profiles

of the first composition sample (acicular electrically active powder) of Example 1

for the 1st and every 10th application of 100 single runs described in Figure 4 .

[0059] Figure 6 is a graphic representation showing the Resistance profiles

of the first reference composition sample (spherical electrically active powder) of

Example 1 for the 1st and every 10th application of 100 single runs described in

Figure 4 .

[0060] By comparison of Figures 5 and 6, it can be seen that the first

reference composition sample (spherical electrically active filler) displays steady

and continuous change in response with use, whereas the first composition

sample (acicular electrically active filler) displays a more stable response with

use.

[0061] Figure 7 is a graphic representation plotting the resistance (R) at

200N of the first composition sample (acicular electrically active filler) and the

first reference composition sample (spherical electrically active filler), normalized



to the resistance value at 200N for the first run (R at 200NRUNI) V run number

over 100 runs.

[0062] It can be seen from Figure 7 that the first composition sample

(acicular electrically active filler) displays asymptotic behaviour, whereas the first

reference composition sample (spherical electrically active filler) displays power

law behaviour.

[0063] From Figure 7, it is evident that a combination of acicular electrically

active particles and dielectric particles results in improved repeatability compared

to a combination of spherical electrically active particles and dielectric particles.

Synergy between acicular electroactive particles and dielectric particles exceeds

synergy between spherical electroactive particles and dielectric particles. Thus, it

is presented that the difference in shape of the electrically active filler in

combination with the dielectric particle filler results in a difference in response

with repeated use.

[0064] Figure 8 is a graphic representation showing the resistance-force

characteristics (normalised to the resistance at first contact) at four specific run

numbers (runs 30, 50, 80 and 100) of the first composition sample (acicular

electrically active filler) and the first reference composition sample (spherical

electrically active filler).

[0065] Figure 8 illustrates three improvements in using acicular electrically

active particles and dielectric particles in the compositions compared to a

combination of spherical electrically active particles and dielectric particles.



[0066] Firstly, the acicular based samples show very little variation in force

response over consecutive cycles. This is highlighted by the overlaying of the

acicular based data for each of the selected runs, showing specifically that the

acicular based sample has constant response characteristics once it reaches the

asymptotic plateau. This is an improvement over prior art, shown by the spherical

based data which does not overlay and each run tends to a different value. The

second feature to observe is the much smoother onset of the acicular based

sample at first contact and low applied force. Thirdly, at low forces, the acicular

based sample shows far greater sensitivity compared to the spherical based

sample.

[0067] Figure 9 is a portion of Figure 8, showing the resistance-force

characteristics (normalised to the resistance at first contact) at four specific run

numbers (runs 30, 50, 80 and 100) of the first composition sample (acicular

electrically active filler) and the first reference composition sample (spherical

electrically active filler), for the first 5N of force.

[0068] Figure 9 highlights the second and third features discussed with

reference to Figure 8. The smooth onset of the resistance-force response at low

force for the acicular-based sample, and the increased sensitivity compared to

that of the spherical-based sample, are both evident.

Figures 10-13

[0069] Figures 10-13 relate to a second example. In Example 2 outlined

below, a second composition contains electrically semi-conductive acicular

powder as the electrically active filler, whereas a second reference composition



contains electrically semi-conductive spherical powder as the electrically active

filler.

EXAMPLE 2:

Second composition (acicular electrically active filler)

[0070] The ingredients and ratios of the ingredients for the second

composition were the same as for the first composition of Example 1.

[0071] However, the composition was blended by mechanically stirring with

a magnetic stirrer at 400rpm for 30 minutes.

[0072] In a similar manner to Example 1, the composition was doctor bladed

onto 50 micron brass shim and dried in an oven at 9OC for 30 mins.

Second reference composition (spherical electrically active filler)

[0073] The ingredients and ratios of the ingredients for the second reference

composition were the same as for the first reference composition of Example 1.

[0074] However, the composition was blended by mechanically stirring with

a magnetic stirrer at 400rpm for 30 minutes.

[0075] Again, in a similar manner to Example 1, the composition was doctor

bladed onto 50micron brass shim and dried in an oven at 9OC for 30mins.



Testing

[0076] The testing is the same as for Example 1, except that the probe

compressions were performed from ON to 5ON to ON, repeated 200 times.

[0077] Figure 10 is a graphic representation showing the force profile

applied to a second composition sample (acicular electrically active powder) and

a second reference composition sample (spherical electrically active powder) of

Example 2, the force profile defining a single run.

[0078] Figure 77 is a graphic representation showing the resistance profiles

of the second composition sample (acicular electrically active powder) of

Example 2 for the 1st and every 10th application of 200 single runs described in

Figure 10.

[0079] Figure 12 is a graphic representation showing the resistance profiles

of the second reference composition sample (spherical electrically active powder)

of Example 2 for the 1st and every 10th application of 200 single runs described in

Figure 10.

[0080] Figure 13 is a graphic representation plotting the resistance (R) at

5ON of the second composition sample (acicular electrically active filler) and the

second reference composition sample (spherical electrically active filler),

normalised to the resistance value at 5ON for the first run (R at 50N RUNI) V run

number over 200 runs.



[0081] From comparison of Figures 11, 12 and 13 it is evident that under a

different blending regime to Example 1, a combination of acicular electrically

active particles and dielectric particles in the compositions results in improved

repeatability compared to a combination of spherical electrically active particles

and dielectric particles.

[0082] In another example, the polymer binder may be water-based. In

another example, the polymer binder may be curable by ultra-violet radiation. In

another example, the second filler may be carbon nanotubes.

[0083] The present invention thus provides a pressure-responsive variable

electrical resistive ink or coating, comprising irregularly-shaped electrically active

particles, and dielectric particles, dispersed in a polymeric binder. The

combination of irregularly shaped electrically active particles, and dielectric

particles, results in compositions that display higher sensitivity and improved

durability compared to previously reported mixtures of regularly shaped

electrically active particles, and dielectric particles.

Figure 14

[0084] Figure 14 shows a unit of composition according to the present

invention. Unit 1401 is shown in the quiescent state, and takes the form of a

regular cube. Within the unit 1401 , the electrically active acicular shaped

particles, such as acicular particles 1402, 1403 and 1404, are randomly oriented.

However, if desired, a known process to align particles in a particular orientation

may be performed. The dielectric particles, such as dielectric particles 1405,

1406 and 1407, are dispersed within the unit 1401 .



[0085] The composition unit 1401 displays isotropic conductivity. It is found

that the greater the ratio of the second filler (electrically active acicular shaped

particles) to the first filler (dielectric particles), the greater the conductivity of the

composition. It is found that the greater the aspect ratio of the second filler

(electrically active acicular shaped particles), the lower the applied loading

required in order for the composition to display behaviour equivalent to that of a

reference composition comprising electrically active spherical shaped particles.

[0086] The composition unit 1401 is deformable from the quiescent state by

an applied distorting force. As previously discussed with reference to Examples 1

and 2 above, the resistance of the composition reduces in response to a

compressive force.

Figure 15

[0087] An example of an electrically responsive composite material

embodying an aspect of the present invention is detailed in Figure 15. The

arrangement of particles shown in Figure 15 is a representation of their

arrangement of resilient solid produced at step 107. Electrically conductive

acicular particles 1501 to 1503 facilitate the conduction of electricity through the

solid polymer by quantum tunnelling, although other modes of electrical

conduction may take place. The electrically conductive acicular particles 1501 to

1503 are surrounded by dielectric particles, such as particles 1504, 1505 and

1506. The dielectric particles, such as particle 1506, are of a size such that a

plurality of these dielectric particles may be dispersed between many of the

adjacent acicular particles. Thus, between acicular particle 1502 and acicular

particle 1503, dielectric particles 1505 and 1506 are dispersed.



[0088] The presence of particles 1505 and 1506 provides an additional

conduction path. An example of such a path is from the lower point 1507 of

acicular particle 1502, through dielectric particle 1505 and through dielectric

particle 1506 to reach acicular particle 1503. Thus, the presence of the dielectric

particles, of such a small size, provides additional pathways such that the

tunnelling jump between particles becomes relatively shorter. An example of the

direction of charge flow through the composite material facilitated by the

presence of the dielectric particles is indicated at 1508. In this way, conduction

characteristics are enhanced as previously described.

Figure 16

[0089] Figure 16 shows a composition according to the present invention in

the form of a lamina 1601. The lamina 1601 is connectable to an electrical circuit

configured to detect a mechanical interaction with the composition, applied to the

z-axis direction. In this example, lamina 1601 is sensitive to a mechanical

interaction applied by the action of a finger 1602.

Figure 17

[0090] Figure 17 shows a composition according to the present invention in

the form of a film 1701. The film 1701 is connectable to an electrical circuit

configured to detect a mechanical interaction with the composition, applied in the

z-axis direction. In this example, film 1701 is sensitive to a mechanical interaction

applied by the action of a stylus 1702. In a layer form of a composition according

to the present invention, it is possible to determine a layer thickness that results

in conductance in the x-axis and y-axis directions being substantially lower than

conductance in the z-axis direction. Thus, compositions according to the present



invention may be produced that have different sensitivities and conductance

profiles in the x , y and z axes, allowing compositions according to the present

invention to be utilised in different applications.

Figure 18

[0091] Figure 18 shows a composition according to the present invention in

the form of a sheet 1801 . The sheet 1801 is able to withstand a degree of

handling. Thus, sheet 1801 may be gripped in a hand 1802 and lifted, as shown,

whilst maintaining its structure. The sheet 1801 also exhibits a degree of

resilience such that if the sheet is progressed from a planar form into a crumpled

form in response to a mechanical interaction, the sheet will unfold from the

crumpled form towards the planar form following removal of that mechanical

interaction.

Figure 19

[0092] Figure 19 illustrates a method of producing a sheet 1901 of

composition according to the present invention. The ingredients for the

composition are brought together to produce the composition, for example in

accordance with steps outlined in Example 1 or Example 2 above. The

composition is then laid onto a substrate before drying. When dry, the layer of

composition may then be peeled from the substrate. In this example, the

substrate 1902 presents a continuous surface 1903 such that the resultant sheet

1901 is also formed as a continuous layer.

[0093] As indicated previously, the improved durability of the composition

(acicular electrically active particles and dielectric particles) when compared to a



reference composition (spherical electrically active particles and dielectric

particles) is unexpected. It is presented that it is the combination of electrically

active acicular particles and dielectric particles in the compositions that results in

improved durability.

[0094] Techniques for applying the composition to a substrate include but

are not limited to: coating, painting, brushing, rolling, screen-printing, stencil

printing, doctor blading, inkjet printing or application by the Mayer bar technique.

The substrate may vary for different applications. The substrate may be, for

example: a textile, a film, a circuit board.

[0095] In another example, the composition can be coated onto a non-

continuous medium such as a net, mesh or textile. When the composition cures a

single article is produced comprising both the non-continuous medium and the

composition. When the resultant article is peeled from the substrate apertures

can be defined in the article, resulting in a breathable layer.

[0096] In another example a layer of composition can be made waterproof.

This can be achieved through appropriate choice of polymer resin in the

composition.

[0097] The composition of Example 1 and Example 2 is initially a grey/ white

colour. However, the composition may be coloured by use of a pigment. This is

advantageous for applications in which the aesthetic quality of the composition is

important, or in circumstances in which colour may convey information, for

example as part of a classification system.



Figure 20

[0098] Figure 20 illustrates a method of applying composition 101 to a

substrate 2001. The ingredients for trie composition are brought together to

produce the composition, for example in accordance with the steps outlined in

Example 1 or Example 2 above. The composition is then laid onto substrate 2001

before drying. According to the present example substrate 2001 comprises a

conductive electrode such that when included in an appropriate electrical circuit

mechanical interactions with the composition can be detected. However, it should

be appreciated that the substrate may vary depending upon the application and

may comprise, for example, a textile or a film.

[0099] Techniques for applying the composition to a substrate include but

are not limited to: coating, painting, brushing, rolling, screen-printing, stencil

printing, doctor blading, inkjet printing or application by the Mayer bar technique.

Further embodiments illustrating the application of the present invention will be

described further with reference to later Figures.

Figure 21

[0100] Figure 2 1 illustrates an example application of a composition according

to the present invention. The composition is utilisable in a sensor, such as sensor

2101 of garment 2102. However, it is to be appreciated that a composition

according to the present invention has many applications in many fields and in

many devices.



Figure 22

[0101] Figure 22 illustrates a further example of the composition according to

the present invention. The composition is utilisable in a sensor present within

mobile telephone 2201. In the present example the sensor is present within area

2202, allowing area 2202 to be utilised as a touch screen configured to detect

mechanical interactions of a user. Such mechanical interactions are used to select

and control functions of mobile telephone 2201 .

[0102] Although specific examples of applications are given herein, a

composition according to the present invention is utilisable in many applications

across different fields and devices. For example, a composition according to the

present invention may be used in: sports applications, medical applications,

education applications, industrial applications, mobile telephone applications, toys

and games applications, wearable items applications, automotive applications,

robotic applications, security applications, keyboard and input device applications.



WHAT WE CLAIM IS:

1. A method of producing an electrically responsive composite

material configurable for application in a transducer, comprising the steps of:

receiving a flowable polymer liquid;

introducing electrically conductive acicular particles to facilitate the

conduction of electricity by quantum tunnelling; and

adding dielectric particles of a size relative to said acicular particles such

that a plurality of said dielectric particles are dispersible between adjacent

acicular particles.

2. The method of claim 1, wherein said electrically responsive

composite material is configurable in a transducer by applying said material in its

flowable liquid form and facilitating a transition to a resilient solid form.

3. The method of claim 2, wherein said flowable liquid comprises a

polymer in solution and said transition is facilitated by the evaporation of said

solvent.

4. The method of claim 2, wherein said flowable liquid is a silicone

based polymer and said transition is facilitated by a cross-linking reaction.



5. The method of claim 2, wherein said flowable liquid is sensitive to

ultra violet radiation and said transition is facilitated by the application of ultra

violet radiation.

6. The method of claim 2, wherein the material is applied in its

flowable liquid form onto a circuit board, an electrode, a textile or a film.

7. An electrically responsive composite material configurable for

application in a transducer, comprising:

a flowable polymer liquid;

electrically conductive acicular particles that facilitate the conduction of

electricity through a solid polymer by quantum tunnelling; and

dielectric particles of a size such that a plurality of said dielectric particles

are dispersed between many adjacent acicular particles.

8. The electrically responsive composite material of claim 7, wherein

the dielectric material is titanium dioxide.

9. The electrically responsive composite material of claim 7 , wherein:

said acicular particles have a large dimension and a small dimension; and



the size of said dielectric particles is of a similar order to said small

dimension.

10. The electrically responsive composite material of claim 9, wherein

said small dimension has a size of between 10 nano-metre and 300 nano-metre.

11. The electrically responsive composite material of claim 7, wherein

said dielectric particles have an organic coating to facilitate dispersion.

12. A method of fabricating a transducer, comprising the steps of:

applying a flowable polymer liquid that contains electrically conductive

acicular particles and dielectric particles;

facilitating a transition of said flowable polymer liquid to a resilient solid

polymer, in which said resilient solid polymer has said conductive acicular

particles dispersed therein in combination with said dielectric particles; wherein

said dielectric particles are of a size relative to said acicular particles such

that a plurality of said dielectric particles are dispersed between adjacent acicular

particles.

13. The method of fabricating a transducer of claim 12, wherein said

flowable polymer liquid is applied to a circuit board.



14. The method of fabricating a transducer of claim 12, wherein said

flowable polymer is applied to an electrode, a textile or a film.

15. A transducer having a substrate for supporting a flowable polymer

liquid, facilitating a transition of said flowable polymer liquid to form a resilient

solid polymer material and facilitating the connection of said resilient solid

polymer material to an electronic circuit, wherein:

said resilient polymer material has semi-conductive acicular particles

dispersed therein in combination with dielectric particles; and

said dielectric particles are of a size relative to said acicular particles such

that a plurality of said dielectric particles are dispersed between adjacent acicular

particles.

16. The transducer of claim 15, wherein the resilient polymer material

experiences a change in an electrical property in response to exposure to a form

of applied energy.

17. The transducer of claim 16, wherein said electrical property is

electrical resistance or impedance and said electrical resistance or impedance is

monitored by the application of an electrical potential.



18. The transducer of claim 16, wherein said form of applied energy is

mechanical energy from a mechanical interaction.

19. The transducer of claim 16, wherein said form of applied energy is

electromagnetic radiation.

20. The transducer of claim 16, wherein said form of applied energy is

an interaction with sub-atomic particles or ionizing radiation.

21. The transducer of claim 16, wherein said form of applied energy is

thermal energy.
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