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EAP TRANSDUCERS WITH IMPROVED PERFORMANCE

RELATED APP LICATION

This application claims the benefit, under 35 USC § 19(e), of U.S.

Provisional Application No. 61/623,1 12 filed April 12, 2012 entitled "EAP

TRANSDUCERS WITH IMPROVED PERFORMANCE"; and U.S. Provisional

Application No. 61/709,369 filed October 4, 20 entitled "EAP

TRANSDUCERS WITH IMPROVED PERFORMANCE" the entireties of which

are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates in general to electroactive polymers and

more specifically to manufacturing processes for producing electroactive polymer

("EAP") transducers with improved performance.

BACKGROUND OF THE INVENTION

A tremendous variety of devices used today rely on actuators of one sort or

another to convert electrical energy to mechanical energy. Conversely, many

power generation applications operate by converting mechanical action into

electrical energy. Employed to harvest mechanical energy in this fashion, the

same type of device may be referred to as a generator. Likewise, when the

structure is employed to convert physical stimulus such as vibration or pressure

into an electrical signal for measurement purposes, it may be characterized as a

sensor. Yet, the terra "transducer" may be used to generically refer to any of the

devices

A number of design considerations favor the selection and use of advanced

dielectric elastomer materials, also referred to as "electroactive polymers", for the

fabrication of transducers. These considerations include potential force, power

density, power conversion/consumption, size, weight, cost, response time, duty

cycle, service requirements, environmental impact, etc. As such, in many

applications, electroactive polymer technology offers an ideal replacement for

piezoelectric, shape-memory alloy and electromagnetic devices such as motors

and solenoids.



A electroactive polymer transducer comprises two electrodes having

deformable characteristics and separated by a thin elastomeric dielectric material.

When a voltage difference is applied to the electrodes, the oppositely charged

electrodes attract each other thereby compressing the polymer dielectric layer

therebetween. As the electrodes are pulled closer together, the dielectric polymer

film becomes thinner (the Z-axis component contracts) as it expands in the planar

directions (along the X- and Y-axes), i.e., the displacement of the film is in-plane.

The electroactive polymer film may also be configured to produce movement in a

direction orthogonal to the film structure (along the Z-axis), i.e., the displacement

of the film is out-of-plane U.S. Pat. No 7,567,681 discloses electroactive

polymer film constructs which provide such out-of-plane displacement - also

referred to as surface deformation or as thickness mode deflection.

The material and physical properties of the electroactive polymer film may

he varied and controlled to customize the deformation undergone by the

transducer. More specifically, factors such as the relative elasticity between the

polymer film and the electrode material, the relative thickness between the

polymer film and electrode material and/or the varying thickness of the polymer

film and/or electrode material , the physical pattern of the polymer film and/or

electrode material (to provide localized active and inactive areas), the tension or

pre-strain placed on the electroactive polymer fi l as a whole, and the amount of

voltage applied to or capacitance induced upon the film may be controlled and

varied to customize the features of the film when in an active mode.

Numerous applications exist that benefit from the advantages provided by

such electroactive polymer films whether using the film alone or using it in an

electroactive polymer actuator. One of the many applications involves the use of

electroactive polymer transducers as actuators to produce haptic feedback (the

communication of information to a user through forces applied to the user's body)

in user interface devices. There are many known user interface devices which

employ haptic feedback, typically in response to a force initiated by the user.

Examples of user interface devices that may employ haptic feedback include

keyboards, keypads, game controller, remote control, touch screens, computer

mice, trackballs, stylus sticks, joysticks, etc. The user interface surface can
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comprise any surface that a user manipulates, engages, and/or observes regarding

feedback or information from the device. Examples of such interface surfaces

include, but are not limited to, a key (e.g., keys on a keyboard), a game pad or

buttons, a display screen, etc.

The haptic feedback provided by these types of interface devices is in the

form of physical sensations, such as vibrations, pulses, spring forces, etc., which a

user senses either directly (e.g., via touching of the screen), indirectly (e.g., via a

vibrational effect such as when a cell phone vibrates in a purse or bag pocket) or

otherwise sensed (e.g., via an action of a moving body that creates a pressure

disturbance sensed by the user). The proliferation of consumer electronic media

devices such as smart phones, personal media players, portable computing

devices, portable gaming systems, electronic readers, etc., can create a situation

where a sub-segment of customers would benefit or desire an improved haptic

effect in the electronic media device. However, increasing haptic capabilities in

every model of an electronic media device may not be justified due to increased

cost or increased profile of the device. Moreover, customers of certain electronic

media devices may desire to temporarily improve the haptic capabilities of the

electronic media device for certain activities.

increasing use of electroactive polymer transducers in consumer electronic

media devices as well as the numerous other commercial and consumer

applications highlights the need to provide electroactive polymer transducers with

improved performance.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides electroactive polymer

("EA ) transducers having improved properties. This improvement is achieved

without decreasing film thickness or by increasing dielectric constant or applied

electric field, so that this approach does not adversely affect the reliability and

physical properties of the resultant dielectric films.

Mobile, electrically active additives added to the electrode formulation can

significantly improve the performance of electroactive polymer transducers. Such

additives do not need to be ionic. Use of these electrically active additives can

enable higher performance devices, smaller devices using less active area lower



voltage/power operation, and combinations of these enhancements. Although not

wishing to be bound to any particular theory, the present inventors speculate that a

portion of these electrically active additives diffuse into the dielectric layer.

These diffusants may chemically interact wit the functional groups of the

dielectric layer material, particularly after photo- or thermal exposure. Chemical

modifications of the dielectric film to increase interaction between the polymer

matrix and the electrically active additives could enhance performance and long-

term stability. The presence and diffusion of the electrically active additives and

their fragments can be tracked through chemical analyses such as FTIR-ATR,

NMR, and Raman mapping. The diffusivity of the electrically active additives

and their fragments may relate to molecular size and also to their charge or

induced charge. The electrically active additives and their fragments may have

functional groups thai can react or interact with the dielectric matrix to limit their

diffusivity. This can enable the creation of permanent concentration gradients in

the dielectric layer which may enhance perfo rmance

Changes in device design such as encapsulation to modify electrically

active additive diffusion and improved buss lines to reduce resistive heating can

mitigate performance degradation that may occur on aging or cyclic operation and

enhance long-term stability. Operation at lower electrical fields or with dwell

times between operations may also improve long-term performance.

These and other advantages and benefits of the present invention will be

apparent from the Detailed Description of the Invention herein below.

BRIEF DESCRIPTION OF THE FIGURES

The present invention wi l now be described for purposes of illustration

and not limitation in conjunction with the figures, wherein:

Figure 1 shows the pulse response at 75Hz for a frameless dielectric

elastomer device before and after aging for 5700 hours at 60°C;

Figure 2 compares relative performance of a frameless dielectric elastomer

device before and after aging;

Figure 3 illustrates a cross section of a frameless dielectric elastomer

device;



Figure 4 compares the performance (stroke vs. frequency) of an enhanced

electrode and a standard electrode;

Figure 5 compares the performance (stroke vs. time) of an enhanced

electrode and a standard electrode;

Figure 6 illustrates the dependency of force upon the thickness of a film;

Figure 7 is a graph showing improved perfomiance of devices made by the

inventive methods;

Figure 8 illustrates the smaller active area of devices made by the

inventive methods;

Figure 9 shows the lower operating voltages possible with devices made

by the inventive methods;

Figure 0 illustrates the effects of cyclic aging;

Figure 11 shows the effect of encapsulation on aging stability;

Figure 12 shows that higher electrically active additive concentrations also

improve aging stability:

Figure 3 illustrates the role of diffusion kinetics for reliability and

response time:

Figure 14 details a double depletion layer concept for a super eleetroactive

polymer;

Figure 5 provides an impermeable middle layer concept for a super

eleetroactive polymer;

Figure 6 illustrates a variation of the concept of Figure 15;

Figure 7 shows an alternate way to make a multilayer;

Figure 8 details how to make multilayer having an impermeable dielectric

film;

Figure 9 illustrates methods to make an impermeable layer; and

Figure 20 provides a double layer concept for a super eleetroactive

polymer.

DETAILED DESCRIPTION OF THE INVENTION

Examples of eleetroactive polymer devices and their applications are

described, for example, in U.S. Pat. Nos. 6,343,129; 6,376,971; 6,543,1 10:

6,545,384; 6,583,533; 6,586,859; 6,628,040; 6,664,718; 6,707,236; 6,768,246;



6,781,284; 6,806,621; 6,809,462; 6,812,624; 6,876,135; 6,882,086; 6,891,317;

6,9 1,764; 6,940,221; 7,034,432; 7,049,732; 7,052,594; 7,062,055; 7,064,472;

7,166,953; 7,1 9,50 ; 7,199,501; 7,21 1,937; 7,224,106; 7,233,097; 7,259,503;

7,320,457; 7,362,032; 7,368,862; 7,378,783; 7,394,282; 7,436,099; 7,492,076;

7,521,840; 7,521,847; 7,567,681; 7,595,580; 7,608,989: 7,626,319; 7,750,532;

7,761,981; 7,91 1,761; 7,915,789; 7,952,261 ; 8,1 83,739; 8,222,799; 8,248,750;

and in U.S. Patent Application Publication Nos.: 2007/0200457; 2007/0230222;

201 1/0128239; and 2012/0126959, the entireties of which are incorporated herein

by reference.

The present invention provides a transducer film comprising a dielectric

elastomer material, an electrode material on at least one side of the dielectric

elastomer material, and at least one electrically active additive.

Many variations are within the scope of this disclosure, for example, in

variations of the device, the eleetroactive polymer transducers can be

implemented to move a mass to produce an inertial aptic sensation.

Alternatively, the eleetroactive polymer transducer can produce movement in an

electronic media device when coupled to the assembly described herein.

Eleetroactive transducers manufactured with the processes disclosed here can be

used as actuators, generators, or sensors in many other applications including,

without limitation, fluid handling systems, motion control, adaptive optical

devices, vibration control systems, and energy harvesting systems.

In any application, the displacement created by the eleetroactive polymer

transducer can be exclusively in-plane which is sensed as lateral movement, or

can be out-of-plane (which is sensed as vertical displacement). Alternatively, the

eleetroactive polymer transducer material may be segmented to provide

independently addressable/movable sections so as to provide angular displacement

of the housing or electronic media device or combinations of other types of

displacement. In addition, any number of eleetroactive polymer transducers or

films (as disclosed in the applications and patent listed herein) can be incorporated

in devices such as user interface devices.

The eleetroactive polymer transducer may be configured to displace due to

an applied voltage, which facilitates programming of a control system used with



devices such as tactile feedback devices. Electroactive polymer transducers are

ideal for such applications for a number of reasons. For example, because of their

light weight and minimal components, electroactive polymer transducers offer a

very low profile and, as such, are ideal for use in sensory/haptic feedback

applications.

An electroactive polymer transducer comprises two thin film electrodes

having elastic characteristics and separated by a thin elastomeric dielectric

material. When a voltage difference is applied to the electrodes, the oppositely-

charged electrodes attract each other thereby compressing the polymer dielectric

layer therebetween. As the electrodes are pulled closer together, the dielectric

polymer film becomes thinner (the z~axis component contracts) as it expands in

the planar directions (the x- and y-axes components expand).

It is noted that the figures discussed herein schematically illustrate

exemplary configurations of devices that employ electroactive polymer films or

transducers having such electroactive polymer films. Films useful in the present

invention include, but are not limited to those made from polymers such as

silicone, polyurethane, acrylate, hydrocarbon rubber, olefin copolymer,

polyvinylidene fluoride copolymer, fluoroelastomer, styrenic copolymer, and

adhesive elastomer.

n general, the performance of an electroactive polymer transducer, e.g. the

induced strain change (s), may be improved by increasing the Maxwellian

pressure on the dielectric (p) - accomplished by increasing the dielectric constant

of dielectric film ( ) or by increasing electrical field (through decreasing film

thickness ( ) and/or increasing applied voltage (V)) - or by decreasing the modulus

of film Y as described by the electrostatic model of actuation:

,v = - p/Y ------- ~ ε0 ε { V/t ) ' / Y

The present invention provides electroactive polymer transducers with

highly improved performance. This is achieved without decreasing film

thickness, increasing dielectric constant, or using higher electric fields so that this

approach does not affect the reliability or physical properties of dielectric films.

To increase dielectric constant (e) of dielectric film, filler-polymer

composites or functionality modification have been tried. This method can result



in the increase in dielectric constant but generally causes an increase in modulus

and decrease in dielectric breakdown strength, so that the resulted strain change

(s) may increase very little. Decreasing the film thickness (t) and modulus (Y) can

cause handling and yield issues in the manufacturing of film and devices, and

because the modulus impacts the resonant frequency there is a limit to lowering

the modulus for haptic application. Finally, high voltage can cause reliability

issues for devices.

The present invention enables the improvement of electroactive polymer

transducers by including an electrically active additive which does not affect the

design of the electroactive polymer transducer or the manufacturability of the

dielectric fi lm t can increase the performance by up to a factor of three over the

same material construction without the electrically active additive. The

performance improvement can be even greater depending on the concentration

and the type of electrically active additive. This improvement also enables a

significant decrease in operating voltage for the same transducer without the

electrically active additive.

Figure illustrates the pulse response at 75 Hz for a frameiess device

before and after aging for 5700 hours at 60°C. The unexpected result was that

performance had almost doubled after aging. The performance of a standard

frameiess device is generally reduced after aging as shown in Figure 2.

This result was attributed to the addition of the 4-isopropyl-4'-

methyldiphenyliodonium tetrakis(pentafluorophenyl)borate (1-3), an electrically

active additive, to one component of the transducer. To test this hypothesis, an

enhanced electrode was constructed by dissolving electrically active additive 1-3

in ethyl acetate by 0 wt%; adding the solution to an electrode formulation by 1

part to 100 parts electrode (total solid concentration of electrically active additive

-3 = 0.1 wt% to electrode); printing the electrode and curing it at 150°C for 4

minutes. The response of the transducer so constructed is shown in Figure 4 with

an applied field of V. As can be appreciated by reference to Figure 4, there was

an approximately 2X improvement as a result of adding the photoinitiator

molecule. Figure 5 compares performance of the enhanced electrode over time at

IkV. The diamonds (♦) are the enhanced electrode values and the triangles (A)



are the standard electrode values. Again, an approximately 2X improvement was

seen as a result of adding the electrically active additive 1-3. Other candidate

electrically active additives which exhibit a similar effect have been identified and

evaluated.

As shown in Figure 6, transducer performance is dependent upon the

thickness of the dielectric film. Without wishing to be held to a specific theory,

the presen inventors hypothesized tha upon the use of an applied voltage,

portions of the electrically active additive separate and align along either side of

the silicone substrate, essentially decreasing the thickness of the dielectric layer,

increasing the effective applied electric field, and driving up the performance of

the EAP device. This mechanism is shown schematically in Figure 13. Ideally

the depletion layer should be kept constant; no change with the field. This will

provide reliability and a quick response time after the field is removed and

reapplied. The thinner the depletion layer, the higher the performance. The

electrically active additive and/or its fragments may also have an effect on the

dielectric constant of the overa material.

Although small molecule salts, such as NaC , have been shown to improve

performance, some embodiments of the present invention include the use of

relatively large, heavy ion salts as the electrically active additive for improving the

performance of electroactive polymer transducers. The size of the electrically

active additive or its fragments can impact the diffusion kinetics which leads to

the formation and expansion of the depletion layer which leads to the enhanced

performance. The large ions used in the present invention enable a good balance

between the rapid formation of the depletion layer and the maximum lifetime of

the depletion layer.

Additives containing iodonium salts, sulfonium salts and phthalocyanines

are particularly preferred as electrically active additives in the present invention.

As iodonium salts, the following may be mentioned, phenyl iodonium

hexafluorophosphate, diphenyl iodonium hexafluoroantimonate, di heny

iodonium tetrafluoroborate, diphenyl iodonium tetrakis(pentafluorophenyl)borate,

bis(dodecylphenyl)iodonium hexafluorophosphate, bis-(dodecylphenyl)iodonium

hexafluoroantimonate, bis(dodecylphenyl)iodonium tetrafluoroborate,



bis(dodecyIphenyl)iodonium tetrakis(pentafluorophenyl)borate, 4-methylpbenyl-

4-(l-methyl-ethyl)phenyl iodonium hexafluorophosphate, 4-methylphenyl-4-(l-

methylethyl)phenyl iodonium hexafluoroantimonate, 4-methylphenyl-4-(l -

methylethyl) phenyl iodonium tetrafluoroborate, and 4-methylphenyl-4-(l-

methylethyl)phenyl iodonium tetrakis(pentafluorophenyl)borate.

As a sulfonium salt, examples include, but are not limited to, bis 4-

(diphenylsulfonio)phenyl] sulfide bishexafluorophosphate, bis [4-

(diphenylsulfonio)phenyl]su!fide bishexafluoroantimonate, bis[4~

(diphenylsulfonio)phenyl] sulfidebistetrafluoroborate, his [4-

(diphenylsulfonio)phenyi] sulfide tetrakis(pentafl uorophenyl) borate, diphenyl-4-

(phenylthio)phenylsulfonium hexafluorophosphate, diphenyl-4-(phenylthio)

phenyl sulfonium hexafluoroantimonate, diphenyl-4-(phenylthio)phenylsulfonium

tetrafluoroborate, diphenyl-4-(phenylthio)phenyisulfonium

tetrakis(penta luorophenyl)borate, triphenylsulfonium hexafluorophosphate,

triphenylsulfonium hexafluoroantimonate, triphenylsulfonium tetrafluoroborate,

triphenylsulfonium tetrakis(pentafluorophenyl)borate, bis [4-(di-(4-(2-

hydroxyethoxy)) phenyIsulfonio)phenyl]sulfide bishexafluorophosphate, bis [4-

(di-(4-(2-hydroxyethoxy)) phenylsulfonio)phenyl] sulfide bishexa

fluoroantimonate, bis[4-(di-(4-(2-hydroxyethoxy)) phenylsulfonio)phenyl]

sulfidebistetrafluoroborate, and bis[4-(di-(4-(2-hydroxyethoxy))

phenylsulfonio)phenyl] sulfide tetrakis(pentafluoro-phenyl)borate, tris( {4- [(4-

acetylphenyl)sulfanyl]phenyl})sulfanium hexafluorophosphate (commercially

available from BASF as IRGACURE PAG270), tris({4-[(4-

acetylphenyl)sulfanyl]phenyl})sulfanium tetrakts(pentafiuorophenyl)borate

(commercially available from BASF as IRGACURE PAG290).

The electrically active additive examined herein include ionic

photoinitiators such as (4-tert-Butylphenyl) diphenyi sulfonium inflate (Formula
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In some embodiments, mixtures of electrically active additives can be used

to balance performance, ti e response, and long-term stability as needed for a

particular application. Also, ma y of these compounds are photo- and thermally

labile, and in some embodiments, the transducer film may be photo- or thermally

treated to release fragments that are more effective as electrically active additives

or that may react with functional groups in the dielectric matrix material. In some

embodiments, the photo- or thermal treatment may be used to create permanent

compositional gradients within the dielectric layer to reduce diffusional effects.

As can be appreciated by reference to Figure 7, the inventive electroactive

polymer transducers have 2.5-3X the performance of standard devices. The

inventive electroactive polymer transducers require 50% of the active area for the

same performance as standard devices as illustrated in Figure 8. As can be

appreciated by reference to Figure 9, the inventive devices require 60% of the

operating field for the same performance as standard electroactive polymer

transducers.

Figure 0 shows that cyclic aging of electroactive polymer transducers

with enhanced electrodes can degrade performance. Passive aging is less of an

issue; 10% reduction after 95 hours at 85°C or 0 hour at 65°C/85% relative

humidity; 20% reduction after 95 hours at 100°C. Encapsulation may improve

aging stability as is shown in Figure . Initial performance is 10% lower, but

two-sided encapsulated electroactive polymer transducers show little change after

10 million cycles at ambient conditions Higher electrically active additive

concentrations may also improve aging stability as illustrated i Figure .

Figure 3 details a double depletion layer concept for a super electroactive

polymer. The thickness of the entire structure is the same as current films, but it



possesses a multilayer structure with a conductive layer in the middle. When an

electric field is imposed between the middle (embedded) conductive layer and

the electrodes on the outer surfaces, the effective field is twice as high in each

dielectric layer as it would be if the same voltage had been applied across the two

outer electrodes of a single dielectric layer with the same overall thickness. n this

case, performance can be four times as high as a standard transducer construction

as illustrated by the equations below:

Stroke oc E2 * ε * ε / Υ

Force oc E2 * ε * ε * t

When the outer electrodes and/or the middle conductive layer are enhanced with

electrically active additives, performance is further enhanced by the creation of a

depletion layer in each of the dielectric layers. Multilayer stacked devices can he

fabricated with more than two embedded conductive layers, some or all of which

are enhanced with electrically active additives, although care must be taken to

make electrical interconnections to alternating embedded conductive layers.

A benefit of a multilayer structure compared with thinner films is that it

can provide the same performance as the current film at significantly lower

operating voltages but is much easier to use in manufacturing processes than

thinner films. With enhanced electrodes, transducer response should be faster due

to shorter diffusion lengths and times for the electrically active additives to form

the depletion layers.

Figure 5 provides an impermeable middle layer concept for a super

electroactive polymer. This design includes multilayers having impermeable

dielectric layer(s) embedded between dielectric elastomer layers. These

impermeable layers are not permeable for the electrically active additives or their

fragments which can cause them or space charges to collect on either side of the

impermeable dielectric film. The active thickness of the multiple dielectric

elastomer layers can be thinner and show higher capacitance than a single layer

film of the same overall thickness. Also, if the impermeable dielectric layer is

thin and compliant, it can act as an active layer. In some cases, it may not be

necessary to add electrically active additives and rely solely on space charge

formation. With electrically active additives, one can obtain depletion layers



within the thinner dielectric elastomer layers for even greater performance

enhancement. Similar to the case of embedded conductive layers, a benefit of this

structure is that transducer response times should be improved by the electrically

active additive's diffusion kinetics due to shorter diffusion lengths. Further,

manufacturing should be easier for the composite film rather than handling

individual thinner layers. The electrical interconnections for an impermeable

dielectric stack architecture are much simpler since contacts are only needed to the

outer electrodes

A variation of this concept is shown in Figure 16 in which the multilayer

structure is fabricated and an initial electrical field is applied to separate anions

and cations. Then, an impermeable dielectric film is formed to prevent ions from

migrating back, A benefit of this structure is that performance and reliability will

not be affected by the electrically active additive's diffusion kinetics due to a

well-defined embedded dielectric film. The impermeable dielectric film should be

sufficiently compliant to serve as the active layer. The multilayer construction

would be more complex than that shown in Figure 15; however, a chemically

reactive additive such as electrically active additive 1-3 would offer an easier way

to make a multilayer as illustrated in Figure 17.

In Figure 17, electrically active additive -3 is used as a photoimtiator.

The film is formed by adding electrically active additive Ϊ-3 to the resin and

exposed to V radiation; the cation is decomposed to initiate cationic

polymerization of the resin and only anion can remain. With plasma treatment or

surface moieties that can for a more dense structure, very thin impermeable

layers are fomied as illustrated in Figure 19. In addition, a thin dielectric f lm can

be coated which acts as depletion layer. The UV formed film, dielectric film

and impermeable layer should be compliant For this structure, an electrode

without additives may be deposited. Because it has the same thickness as the

current film (UV formed film + dielectric f lm) it will have the same force as a

single layer actuator with the same overall thickness.

Figure ί 8 details how to make a multilayer transducer having an

embedded impermeable dielectric film. Figure illustrates methods to make an

impermeable layer.



Figure 20 provides a double layer concept for a super electroactive

polymer. Those skilled in the art know that Electrochemical Double Layer

Capacitors (EDLCs) also called supercapacitors (SC) are constructed from two

carbon based electrodes (mostly activated carbon with a very high surface area),

an electrolyte (aqueous or organic) and a separator (that allows the transfer of

ions, but provides electronic insulation between the electrodes). As voltage is

applied, ions in the electrolyte solution diffuse across the separator into the pores

of the electrode of opposite charge. Charge accumulates at the interface between

the electrodes and the electrolyte (the double layer phenomenon that occurs

between a conductive solid and a liquid solution interface), and forms two charged

layers with a separation of several angstroms (d in Figure 20). The double layer

capacitance is the result of charge separation in the interface. Because capacitance

is proportional to the surface area and the reciprocal of the distance between the

two layers, high capacitance values are achieved.

(http://www.eelkirgycap.eom/in^

17&Itemid=3). This supercapacitor concept may be applied to the instant

invention to provide a super actuator as illustrated in Figure 20. The benefit of

double layer to depletion layer will be higher capacitance and faster response time

due to short diffusion length.

The foregoing examples of the present invention are offered for the

purpose of illustration and not limitation, t will be apparent to those sk lled in the

art that the embodiments described herein may be modified or revised in various

ways without departing from the spirit and scope of the invention. The scope of

the invention is to be measured by the appended claims.



WHAT IS CLAIMED IS;

. A transducer film comprising:

a dielectric elastomer material;

an electrode material on at least one side of the dielectric elastomer material,

and at least one electrically active additive.

2 . The transducer film of Claim 1 further comprising an encapsulant material,

3. The transducer film according to one of Claims 1 and 2, wherein the

electrically active additive is a component of the electrode material.

4. The transducer film according to one of Claims 1 to 3, wherein the

electrically active additive is a component of the encapsulant material.

5. The transducer film according to one of Claims 1 to 4, wherein the

electrode material is on both sides of the dielectric elastomer material.

6. The transducer film according to any one of Claims 1 to 5, wherein the

electrically active additive comprises one or more compounds selected from the

group consisting of ionic salts, iodonium salts and sulfoni salts.

7 . The transducer film according to any one of Claims 1 to 6, wherein the

electrically active additive comprises one or more compounds selected from the

group consisting of (4-tert-Butylphenyl) diphenyl sulfonium triflate,

Tris(pentafluorophenyl) boron, 4-isopropyl-4'-memyldiphenyliodonium

tetrakis(pentafluorophenyl)borate, Sodium tetraphenylborate, sodium tetrakis[3,5-

bls(trifluoroniethyl) phenvljborate, bis(4-tert-butylphenyl) iodonium triflate,

tris({4- [(4~acetylphenyl)sulfanyl]phenyl})sulfanium tetrakis(penta-

fiuorophenyl)borate, sodium chloride and a phthalocyanine.



8. The transducer film according to any one of Claims 1 to 7 further

comprising at least one additional dielectric elastomer layer separated from the

first dielectric elastomer layer by a separating layer.

. The transducer film according i a one te i t , l r the

l is ve

Q i .transducer film: r g .to «y of I o: , wherein the

layer s i r rnea ie dielectric layer thai is p to e a:rg

or .

* A transducer fe a e . e c »rdirtg to y n

Claims 1 to 0 .

2 . A method for f r i a t ir g the t aa d eer device of C co ri i g

photo-- or thermal treatment after app iea io r of e i tr e !l c i ve adihtiye.
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