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SURFACE DEFORMATION ELECTROACTIVE POLYMER
TRANSDUCERS

Field of the Invention

[0601] The present mvention relates to dielectric elastomer or electroactive
polvmer film transducers. Mare particularly, the present invention is related to
such transducers and their abilities and applications related to surface

deformation.

Backeround of the Invention

{0602] A tremendous vartety 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
mto electrical energy. Emploved to harvest mechanical energy in this fashion,
the same type of actuator may be referred to as a generator. Likewise, when
the structure is employed to convert physical stimulus such as vibration or
pressure into an ¢lectrical signal for measurement purposes, it may be
characterized as a sensor. Yet, the term “transducer” may be used to
generically refer to any of the devices,

[0603] A number of design considerations favor the selection and use of
advanced dielectric elastomer materials, also referred to as “electroactive
polymers” (EAPs), for the fabrication of transducers. These considerations
include potential force, power density, power conversion/conssmpiion, size,
weight, cast, response time, duty cycle, service requirements, environmental
impact, ete. As such, in many apphications, EAP technology offers an ideal
replacement for piczoelectric, shape-memory alloy (SMA) and
clectromagnetic devices such as motors and solenoids.

[0604] Examples of EAP devices and their applications are described in U.S.
Patent Nos. 7,394,282; 7.378,783; 7,368,862; 7,362,032; 7,320,457;
7,259,503; 7,233,097; 7,224,106; 7,21 1,937; 7,199,501; 7,166,953; 7.064,472;
7,062,055, 7,052,394; 7.049,732; 7.034,432; 6,940,221, 6,911,764;
6,891,317, 6,882,086; 6,876,133; 6,812,624; 6,8(9.,462; 6,806,621, 6,781,284
6,768,246; 6,707,236; 6.664,718; 6,628 040; 6,586,859; 6,583,333, 6,545,384
6,543,110; 6,376,971 and 6,343,129; and 1n U.S. Patent Application
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Publication Nes. 2008/0157631; 2008/0116764; 2008/0022517;
2007:/0230222; 2007/0200468; 2007/0200467; 2007/02004606; 26070200457,
2007/0200454; 2007/0200453; 2007/0170822; 2006/0238079; 2006/0208610;
2006/0208609; and 2005/0157893, the entireties of which are incorporated
herein by reference.

[0605] An EAP 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
clectrodes attract cach other thereby compressing the polvmer dielectric layer
therebetween. As the electrodes are pulled closer together, the dieleciric
polvmer film becomes thinner (the z-axis component coniracts) as it expands
in the planar directions (along the x- and v-axes), t.e., the displacement of the
film is in-plane. The EAP filim may also be configured to produce movement
m a direction orthogonal to the film structure (along the z-axis), i.e., the
displacement of the film is out-of-plane. T1.S. Patent Application Serial No.
2005/0157893 discloses EAP film constructs which provide such out-of-plane
displacement — also referred to as surface deformation or thickness mode
deflection.

{0606] The material and physical properties of the EAP film may be varied
and controlled to customize the surface deformation undergone by the
transducer. More specifically, faciors 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
palymer film and/or electrode material, the physical pattern of the polymer
film and/or electrode material (to provide localized active and inactive areas),
and the tension or pre-strain placed on the EAP film as a whole, and the
amount of voltage applied to or capacifance induced upon the film may be
controlled and varied to customize the surface features of the film when in an
active mode.

[0807] Numerous transducer-based applications exist which would benefit

from the advantages provided by such surface deformation EAP films.

SUMMARY OF THE INVENTION
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[0808] The present invention seeks to nprove upon the structure and function
of surface deformation EAP-based transducers. The present invention provides
customized transducer constructs for use in various applications, including but
not limited to haptic feedback for user interface devices (e.g., kev buttons, key
pads, touch pads, touch screens, touch plates, touch sensors, ete.}, fluid
movement and control mechanism such as pumps and valves, breaking and
clutch mechanisms, power generation, sensing, etc.

[0809] The transducers comprise at least one electroactive polymer film laver
comprising a thin diclectric elastomer layer, wherein a portion of the diclectric
elastomer layer is sandwiched between first and second electrodes wherein the
overlapping portions of the electrodes define one or more active film regions
with the remaining portion of film defining one or more inactive film regions,
wherein activation of the active region changes a thickness dimension of the
film. The relative positioning of the active region(s) and mnactive region(s)
defines the thickness mode output profile or the inactive region(s) may be
central to the active region(s). Multiple transducers may be provided in a
stacked arrangement to provide a multi-phase functionality and/or to enhance
output.

{0610] To enthance the output of the change in thickness dimension, at least
one passive polymer layer, the polymer laver extending over at least a portion
of one side of the electroactive polymer film wherein activation of the active
region also changes a thickness dimension of the passive layer. One or more of
the passive layers may be mechanically coupled to one or more rigid structures
which may form part of an actuator, and in cerfain embodiments, functions as
an output mechanism. A passive laver may extend over portions or all of the
active and the inactive regions, or may extend over only the inactive region or
portions thereof.

[0611] In certain embodiments, electrical buses are provided to couple the
clectrodes to a source of power and/or to cach other to provide a common
ground, ctc. In particular, a first conductive layer is disposed on at least a
portion of the inactive film region and electrically coupled to the first
electrode, and a second conductive layer is disposed on at least a portion of the
inactive film region and electrically coupled to the second electrode. The

transducers may further include one or more conductive vias extending

[¥8)
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through the transducer at a location which inchudes the first electrode and a
second conductive via extending through the transducer at a location which
includes the second electrode. The present invention provides a variety of
methods for forming the vias within the electroactive transducer, which
methods may include forming via holes within the transducer and filling them
with a conductive material or, alternatively, driving a conductive contact into
the transducer material.

[0812] The electrode fayers of the subject transducers may have any suitable
trace pattern for the thickness mode application at hand. The patterns are
typically symmetrical, but may be asymumetrical, where the opposing fraces
appose each other from opposite sides of the dielectric film, wherein the areas
of electrode apposition are active and the remaining areas are inactive,
wherein activation of the active areas increases a thickness dimension of the
mactive areas. In certain embodiments, the respective trace patterns comprises
a plurahity of substantially parallel, spaced apart traces which may i furn form
a concentric pattern, extend substantially straight or selectively bend or ctuve
to provide a novelty shape.

{0613] The transducers may be fabricated from a continuous strip of
electroactive polymer film where individual transducers are formed by
singulating them from the strip. The electrode paticrns may be formed
continuously along the strip or may be discrete and repeating along the strip.
The transducer strip may be shaped to frame an open space, which is
particularly suitable for constructing gasket-type actuators.

[0014] These and other features. objects and advantages of the invention will
become apparent to those persons skilled in the art upon reading the details of

the invention as more fully described below,

BRIEF DESCRIPTION OF THE DRAWINGS
[0815] The invention is best understood from the following detailed
description when read in conjunction with the accompanying schematic
drawings. To facilitate understanding, the same reference numerals have been
vsed {where practicaly to designate similar elements that are common to the

drawings. Inchided in the drawings are the following:
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{0816] Figs. 1A and 1B schematically illustrate a surface deformation EAP
transducer employed as an actuator which utilizes polvmer surface features o
provide work output when the transducer is activated;

{0617] Figs. 2A and 2B are cross-sectional views of exemplary constructs of
an actuator of the present mvention;

[0618] Figs. 3A-3D iHustrate various steps of a process for making electrical
connections within the subject transducers for coupling to a printed circuit
board (PCB} or flex connector;

[0819] Figs. 4A-4D illustrate various steps of a process for making electrical
connections within the subject transducers for coupling to an electrical wire;

{0620] Fig. 5 15 a cross-sectional view of a subject transducer having a
piercing type of electrical contacy;

[0621] Figs. 6A and 6B are top views of a thickness mode transducer and
electrode patiern, respectively, for application in a button-type actuator;

[0822] Fig. 7 illustrates a top cataway view of a kevpad employing an array of
button-type actuators of Figs. 6A and 6B;

[0623] Fig. 8 illustrates a top view of a thickness mode ransducer for use in a
novelty actuator in the form of a human hand;

[0624] Fig. 9 illustrates a top view of thickness mode transducer in a
continuous sirip configuration;

[0625] Fig. 14 illustrates a top view of a thickness mode transducer for
application m a gasket-type actuator,

[0826] Figs. 11A-11D are cross-sectional views of touch screens emploving
various type gasket-type actuators;

{0627] Figs. 12A-12C are cross-sectional views of passive and active states,
respectively, of a poppet valve mechanism emploving the thickness mode
actuators of the present invention;

[0628] Figs. 13A and 13B are cross-sectional views of passive and active
states, respectively, of a diaphragm-type fluid pump emploving a thickness
mede actiator of the present invention;

[0629] Figs. 14A and 14B are cross-sectional views of another diaphragny-
type pump employing thickness mode actuators of the present invention with

the pump undergoing exhaust and compression strokes, respectively;
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[0830] Figs. 15A and 15B are cross-sectional views of peristaltic pump
embodiments employing thickness mode actuators of the present invention;

[0631] Figs 16A and 16B are cross-sectional views of a linear brake
mechanism employing the thickness mode actuators of the present invention in
passive and active modes, respectively;

[0632] Figs 17A and 178 are cross-sectional views of a rotary brake or cluich
mechanism emploving the thickness mode actuators of the present invention m
passive and active modes, respectively; and

[0833] Figs. 1BA and 1 8B are cross-sectional views of another embodiment of
a thickness mode transducer of the present invention in which the relative
positions of the active and passive areas of the transducer are inversed from
the above embodiments.

[0634] Variations of the mmvention from what is shown in the figures are

contemplated.

DETAILED DESCRIPTION OF THE INVENTION

[0635] The devices, systems and methods of the present invention are now
described in detail with reference to the accompanying figures.

{0636] Referring to Figs. 1A and 1B, a schematic representation is provided of
a surface deformation EAYP actuator 10 for converting ¢lectrical energy to
mechanical energy in accordance with one embodiment of the invention.
Actuator 10 mncludes EAP transducer 12 having a thin elastomeric dielectric
polymer layer 14 and top and bottom elecirodes I6a, 16b attached to the
dielectric 14 on portions of its top and bottom surfaces, respectively. The
portion of transducer 12 comprising the dielectric and at least two electrodes is
referred to herein as an active area. Any of the transducers of the present
invention may have one or more active areas.

[0637] When a voltage difference is applied across the oppositely-charged
clectrodes 16a, 16b, the opposed electrodes attract each other thereby
compressing the portion of the dielectric polymer laver 14 therehetween. As
the electrodes 16a, 16b are pulled closer together (along the z-axig), the
portion of the dielectric laver 14 between them becomes thinner as it expands
in the planar directions (along the x- and v-axes). For incompressible

polvmers, i.e., those having a substantially constant volume under stress, or for
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otherwise compressible polymers held in a frame or the Like, this action causes
the compliant diclectric material outside the active area (i.¢., the arca covered
by the electrodes), particularly perimetrically about, 1.2., immediately around,
the edges of the active area, to be displaced or bulge out-of-plane in the
thickness direction {orthogonal to the plane defined by the transducer film).
This bulging produces dielectric surface features 24a-d. While out-of-plane
surface features 24 are shown relatively local to the active area, the out-of-
plane 1s not always localized as shown. In some cases, if the polvmer is pre-
strained, then the surface features 24a-b are distributed over a surface area of
the inactive portion of the diclectric material.

{0638] In order to amphify the vertical profile and/or visibility of surface
features of the subject wansducers, an optional passive layer may be added to
one or both sides of the fransducer film stracture where the passive layer
covers all or a portion of the EAP film surface area. In the actuator
embodiment of Figs. 1A and 1B, top and bottom passive lavers 15a, 18b are
attached fo the top and botiom sides, respectively, of the EAP fitm 12,
Activation of the actuator and the resulting surface features 17a-d of dielectric
layer 12 are amphified by the added thickness of passive lavers 18a, 18b, as
denoted by reference numbers 262-d in Fig. 1B,

[0639] In addition to the clevated polymer/passive layer surface features 26a-
d, the EAP film 12 may be configured such that the one or both electrodes16a,
16b are depressed below the thickness of the dielectric layer. As such, the
depressed electrode or portion thereof provides an electrode surface feature
upen actuation of the EAP film 12 and the resulting deflection of dielectric
material 14. Electrodes 16a, 16c may be patterned or designed to produce
customized transducer film surface features which may comprise polymer
surface features, electrode surface features and/or passive layer surface
features.

[0840] In the actuator embodiment 10 of Figs. 1A and 1B, one or more
structures 20a, 20b are provided te facilitate coupling the work between the
comphiant passive slab and a rigid mechanical structure and directing the work
output of the actuator. Here, top structure 20a (which may be in the form of a
platform, bar, lever, rod, ¢tc.) acts as an output member while bottom structure

20b serves to couple actuator 10 to a fixed or rigid structure 22, such as
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ground. These output structures need not be discrete components but, rather,
may be integrated or monoelithic with the structure which the actuator is
intended to drive. Structures 20a, 20b also serve to define the perimeter or
shape of the surface features 26a-d formed by the passive layers 18a, 18b. In
the illustrated embodiment, while the collective actuator stack produces an
increase in thickness of the actuator’s inactive portions, as shown in Fig. 18,
the net change in height Ah undergone by the actuator upon actuation is
negative.

The EAP transducers of the present invention may have any suitable
construct to provide the desired thickness mode actuation. For example, more
than one EAP film laver may be used to fabricate the transducers for use in
more complex applications, such as kevboard keyvs with integrated sensing
capabilitics where an additional EAP film layer may be employed asa
capacitive sensor.

Fig. 2A illustrates such an actuator 30 emploving a stacked transducer
32 having a double EAP film layer 34 in accordance with the present
invention. The double laver includes two dielectric elastomer films with the
top film 342 sandwiched between top and botiom electrodes 34b, 34d¢,
respectively, and the bottom film 36a sandwiched between top and bottom
clectrodes 36h, 36¢, respectively. Pairs of conductive traces or lavers
{(commonly referred to as “bus bars™) are provided to couple the electrodes to
the high voltage and ground sides of a source of power (the latter not shown).
The bus bars are positioned on the “inactive™ portions of the respective EAP
films (1.e., the portions in which the top and bottom electrodes do not overlap).
Top and bottom bus bars 42a, 42b are positioned on the top and bottom sides,
respectively, of dielectric layer 34a, and top and bottom bus bars 44a, 44b
positioned on the top and hottom sides, respectively, of dielectric layer 36a.
The top elecirode 34b of dielectric 34a and the bottom efectrode 36¢ of
dielectric 36a, i.¢., the two outwardly facing electrodes, are commonly
polarized by way of the mutual coupling of bus bars 42a and 44a through
conductive elastomer via 68a (shown in Fig. 2B), the formation of which s
described in greater detail below with respect to Figs. 3A-3D. The bottom
electrode 34¢ of diclectric 34a and the top electrode 36b of dielectric 36a, te.,

the two mwardly facing electrodes, are also commonly polarized by way of
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the mutual coupling of bus bars 42b and 44b through conductive elastomer via
68b (shown i1 Fig. 2B). Potting material 66a, 66b is used to seal via 68a, 68b.
When operating the actuator, the opposing electrodes of each electrode pair
are drawn together when a voltage 1s applied. For safety purposes, the ground
electrodes may be placed on the outside of the stack s0 as to ground any
picrcing object before it reaches the high voltage clectrodes, thus climinating a
shock hazard. The two EAP film layers may be adhered together by film-to-
film adhesive 40b. The adhesive layer may optionally mnclade a passive or
slab layer to enhance performance. A top passive layer or slab 30a and a
bottom passive laver 52b are adhered to the transducer structure by adhesive
laver 40a and by adhesive layer 4{c. Output bars 46a, 46b may be coupled to
top and bottom passive layers, respectively, by adhesive {ayers 48a, 48b,
respectiully,

[0643] The actuators of the present mvention may employ any suitable
mumber of transducer layers, where the number of lavers may be even or odd.
in the latter construct, one or more common ground glectrode and bus bar may
be used. Additionally, where safety is less of an issue, the high voltage
electrodes may be positionad on the outside of the transducer stack to better
accommodate a particular application.

[0644] To be operational, actuator 30 must be electrically coupled to a source
of power and control electronics (neither are shown). This may be
accomplished by way of electrical tracing or wires on the actuator or on a PCB
or a flex connector 62 which couples the high veltage and ground vias 68a,
68b to a power supply or an intermediate connection. Actuator 30 may be
packaged 1 a protective barrier material to seal it from hunudity and
envirommental contaminants. Here, the protective barrier includes top and
bottom covers 60, 64 which are preferably sealed about PCB/flex connector 62
to protect the actuator from external forces and strams and/or environmental
gxposure. In some embodiments, the protective barrier maybe impermeable to
provide a hermetic seal. The covers may have a somewhat rigid form to shield
actuator 30 agamst physical damage or may he compliant to allow room for
actuation displacement of the actuator 30. In one specific embodiment, the top
cover 60 is made of formed foil and the bottom cover 64 is made of a

comphant foil, or vice versa, with the two covers then heat-sealed to
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board/connector 62, Many other packaging materials such as metalized
polymer films, PVDC, Aclar, styrenic or olefinic copolymers, polyesters and
polvolefins can also be used. Compliant material is used to cover the output
structure or structures, here bar 46b, which translate actuator output.

[0645] The conductive componenis/layvers of the stacked actuator/iransducer
structures of the present invention, such as actuator 34 just described, are
commonly coupled by way of electrical vias (68a and 68b in Fig. 2B) formed
through the stacked structure. Figs. 3-5 illustrate various methods of the
present invention for forming the vias.

{06406] Formation of the conductive vias of the type employed in actuator 30
of Fig. 2B is described with reference to Figs. 3A-3D. FEither before or after
lamination of actuator 70 (here, constructed from a single-film transducer with
diametrically positioned bus bars 76a, 76b placed on opposite sides of the
mactive portions of dielectric layer 74, collectively sandwiched between
passive layers 78a, 78b) to a PCB/flex connector 72, the stacked
transducer/actuator siructure 70 is laser driled 80 through its entire thickness
to PCB 72 to form the via holes §2a, 82b, as tlustrated in Fig. 3B. Other
methods for creating the via holes can also be used such as mechanically
drilling, punching, molding, piercing, and coring. The via holes are then filled
by any suitable dispensing method, such as by injection, with a conductive
material, e.g., carbon particles in silicone, as shown in Fig. 3C. Then, as
shown in Fig. 3D, the conductively filled vias 84a, 84b are optionally potted
86a, 86b with any compatible non-conductive material, ¢.g., silicone, to
electrically 1solate the exposed end of the vias. Alternatively, a non-conductive
tape may be placed over the exposed vias.

{0647] Standard electrical wiring may be used in lieu of a PCB or flex
comnector to couple the actuator to the power supply and clectronics. Various
steps of forming the electrical vias and electrical connections to the power
supply with such embodiments are illustrated in Figs. 4A-4D with like
componenis and steps to those in Figs. 3A-3D having the same reference
mumbers. Here, as shown in Fig. 4A, via holes 82a, 82b need only be drilled to
a depth within the actuator thickness to the extent that the bus bars 84a, 84b
are reached. The via holes are then filled with conductive material, as shown

in Fig. 4B, after which wire leads 88a, 88b are inserted inte the deposited

10
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conductive material, as shown in Fig. 4C. The conductively filled vias and
wire leads may then be potted over, as shown in Fig. 4D,

{0648] Fig. 5 illustrates another manner of providing conductive vias within
the transducers of the present invention. Transducer 100 has a dielectric film
comprising a dielectric layer 104 having portions sandwiched between
clectrodes 106a, 106b, which in turn are sandwiched between passive polymer
fayers $10a, 110b. A conductive bus bar 108 is provided on an inactive area
of the FAP film. A conductive contact 114 having a piercing configuration is
driven, either manually or otherwise, through one side of the transducer to a
depth that penetrates the bus bar material 108. A conductive trace 116 extends
along PCB/flex connector 112 from the exposed end of piercing contact 114,
This method of forming vias is particularly efficient as it eliminates the steps
of drilling the via holes, filling the via holes, placing a conductive wire in the
via holes and potting the via holes.

[0849] The thickness mode EAP transducers of the present invention arg
usable in a variety of actuatoer applications with any suitable construct and
surface feature presentation. Figs. 6-10 illustrate exemplary thickness mode
transducer/actuator applications.

{0650] Fig. 6A illustrates a thickness mode transducer 120 having a round
construct which is ideal for button actuators for use in tactile or haptic
feedback applications in which a user physically contacts a device, e.g.,
kevboards, touch screens, phones, ete. Transducer 120 1s formed from a thin
clastomeric dielectric polvmer layer 122 and top and hottom electrode patterns
124a, 124b (the botiom electrode pattern 13 shown in phantom), best shown in
the 1solated view in Fig. 6B. Fach of the electrode patterns 124 provides a
stem portion 125 with a plurality of oppositely extending finger portions 127
forming a concentric pattern. The stems of the two electrodes are positioned
diametrically to each other on opposite sides of the round dielectric layer 122
where their respective finger portions are in appositional alignment with each
other to produce the pattern shown in Fig. 6A. While the opposing electrode
patterns in this embaodiment are identical and symmetrical to each other, other
embodiments are contemplated where the opposing electrode patterns are
asymmetric, in shape and’or the amount of surface area which they occupy.

The portions of the transducer material in which the two electrode materials do

i1
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not overlap define the inactive portions 128a, 128b of the transducer. An
clectrical contact 126a, 126h is provided at the base of cach of the two
electrode stem portions for electrically coupling the transducer to a source of
power and control electronics (neither are shown). When the transducer is
activated. the opposing electrode fingers are drawn together, thereby
compressing dielectric material 122 therebetween with the inactive portions
128a, 1280 of the transducer bulgmg to form surface features about the
perimeter of the button and/or internally to the button ag desired.

[0851] The button actuator may be in the form of a single input or contact
surface or may be provided in an array format having a plurality of contact
surfaces. When constructed in the form of arrays, the button transducers of
Fig. 6A are ideal for use in kevpad actuators 130, as illustrated in Fig. 7, for a
variety of user interface devices, ¢.g., computer keyboards, phones,
calculators, ete. Transducer array 132 includes a top array 136a of
interconnected electrode patterns and bottom array 136b (shown in phantom)
of electrode patterns with the two arrays opposed with each other to produce
the concentric transducer pattern of Fig. 6A with active and inactive portions
as described. The kevboard structure may be in the form of a passive layer
134 atop transducer array 132, Passive layer 134 may have its own swrface
features, such as key border 138, which may be raised in the passive siate to
enable the user to tactilely align his‘her fingers with the individual key pads,
andfor further amplify the bulging of the perimeter of the respective buttons
upon activation. When a key is pressed, the individual transducer upon which
it fays 1s activated, causing the thickness mode bulging as described above, to
provide the tactile sensation back to the user. Any number of transducers may
be provided in this manner and spaced apart to accommpodate the tvpe and size
of keypad 134 being used. Examples of fabrication techniques for such
transducer arrays are disclosed in U1.S. Patent Application No. 12/163,554
filed on June 27, 2008 entifled ELECTROACTIVE POLYMER
TRANSDUCERS FOR SENSORY FEEDBACK APPLICATIONS, which is
incorporated by reference 1n its entirety.

{0652] Those skilled in the art will appreciate that the thickness mode
transducers of the present invention need not be symmetrical and may take on

any construct and shape. The subject transducers may be used in any
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imaginable novelty application, such as the novelty hand device 140 illustrated
in Fig. 8. Dielectric material 142 in the form of a human hand is provided
having top and bottom electrode patterns 144a, 144b (the underside pattern
bemng shown in phantom) in a similar hand shape. Each of the electrode
patterns is electrically coupled to a bus har 146a, 146b, respectively, which
turn is electrically coupled to a source of power and control electronics
{netther are shown). Here, the opposing electrode patterns are aligned with or
atop each other rather than interposed, thereby creating alternating active and
inactive arcas. As such, instead of creating raised surface features on only the
internal and external edges of the pattern as a whole, raised surface features
are provided throughout the hand profile, i.e., on the inactive areas. It is noted
that the surface features in this exemplary application may offer a visual
feedback rather than a tactile feedback. It is contemplated that the visual
feedback may be enhanced by coloring, reflective material, etc.

[0853] The transducer film of the present invention may be efficiently mass
produced, particularly where the transducer ¢lectrode pattern is uniform or
repeating, by commonly used web-based manufacturing techniques. As
shown in Fig. 9, the transducer film 130 may be provided in a continuous strip
format having continuous top and bottom electrical buses 156a, 156b
deposited or formed on a strip of dielectric material 152, Most typically, the
thickness mode features are defined by discrete (i.e., not continuous) but
repeating active regions 158 formed by top and bottom electrode patterns
154a, 154b electrically coupled to the respective bus bars 136a, 156b; the size,
length, shape and pattern of which may be customized for the particular
appHcation. However, it is contemplated that the active region{s) may be
provided in a continuous pattern. The electrode and bus patterns may be
formed by known web-based manufacturing techniques, with the mdividual
transducers then singulated, also by known technigues such as by cutting strip
150 along selected singulation lines 155, It is noted that where the active
regions are provided continvously along the strip, the strip is required to be cut
with a high degree of precision to avoid shorting the electrodes. The cut ends
of these electrodes may require potting or otherwise may be etched back to

avoid tracking problems. The cut terminals of buses 136a, 156b are then
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coupled to sources of power/control to enable actuation of the resulting
actuators.

[0654] Either prior to or after singulation, the strip or singulated strip portions,
may be stacked with any nomber of other transducer film strips/strip portions
to provide a multi-layer structure. The stacked structure may then be laminated
and mechanically coupled, if so desired, to rigid mechanical components of
the actuator, such an output bar or the like.

{0855] Fig. 10 iHustrates another variation of the subject transducers in which a
transducer 160 formed by a sirip of diclectric material 162 with fop and hottom
electrodes 164a, 164b on opposing sides of the strip arranged in a rectangular
pattern thereby framing an open area 165, Fach of the electrodes termimates in an
electrical bus 166a, 166b, respectively, having an clectrical contact point 1683,
168b for coupling to a source of power and control electronics (neither being
shown). A passive layer (not shown) that extends across the enclosed area 165
may be emploved on erther side of the transducer film, therebyv forming a gasket
configuration, for both environmental protection amd mechanical coupling of the
output bars (also not shown}.. As configured, activation of the transducer produces
surface features along the inside and outside perimeters 169 of the transducer strip
and a reduction in thickness of the active areas 164a 164b. It should be noted that
the gasket actuator need not be a continuous, single actuator. One or more
discrete actuators can afso be used to line the perimeter of an area which may be
optionally sealed with non-active compliant gasket material

[0856] Other gasket-type actuators are disclosed in ULS. Patent Application No.
12/163,554, referenced above. These types of actuators are suitable for sensory
{e.g., haptic or vibratory) feedback applications such as with touch sensor plates,
touch pads and touch sereens for application in handheld multimedia devices,
medical instrumentation, kiosks or automotive instrument panels, tovs and other
novelty products, etc.

[08537] Figs. 11A-11D are cross-sectional views of touch screens employing
variations of a thickness mode actuator of the present invention with like
reference numbers referencing stmtlar components amongst the four figures.
Referring to Fig. 11 A, the touch screen device 170 may include a touch sensor
plate 174, typically made of a glass or plastic material, and, optionally, a

hquid crvstal display (LCD) 172, The twe are stacked together and spaced
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apart by EAP thickness mode actuator 180 defining an open space 176
therebetween. The collective stacked structure is held together by frame 178,
Actuator 180 includes the transducer film formed by dielectric film layer 182
sandwiched centrally by electrode pair 184a, 184b. The transducer film is in
turn sandwiched between top and bottom passive layers 186a, 186b and
further held between a pair of output structures 188a, 188b which are
mechanically coupled to touch plate 174 and LCD 172, respectively. The right
side of Fig. 11 A shows the relative position of the LCD and touch plate when
the actuator is inactive, while the left side of Fig. 11 A shows the relative
positions of the components when the actuator is active, 1.€., upon a user
depressing touch plate 174 in the direction of arrow 175, As is evident from
the left side of the drawing, when actuator 180 is activated, the electrodes
184a, 184b are drawn together thereby compressing the portion of dielectric
film 182 therebetween while creating surface features in the dielectric material
and passive layers 156a, 186b ouiside the active area, which surface features
are further enhanced by the compressive force caused by output blocks 188a,
188b. As such, the surface features provide a slight force on touch plate 174 in
the direction opposite arrow 175 which gives the user a factile sensation in
response to depressing the touch plate.

[0658] Touch screen device 190 of Fig. 11B has a similar construct to that of
Fig. 11 A with the difference being that LCD 172 wholly resides within the
internal area framed by the rectangular (or square, etc.) shaped thickness mode
actuator 180, As such, the spacing 176 between LCD 172 and touch plate 174
when the device s 1n an mactive state (as demonstrated on the right side of the
figure) 15 significantly less than in the embodiment of Fig. 11A, thereby
providing a lower profile design. Further, the bottom output structure 188b of
the actuator rests directly on the back wall 178" of frame 178, Irrespective of
the structural differences between the two embodiments, device 190 functions
similarly to device 170 in that the actator surface features provide a slight
tactile force in the direction opposite arrow 185 in response to depressing the
touch plate.

{0659] The two touch screen devices just described are single phase devices as
they function in a single direction. Two (or more) of the subject gasket-type

actuators may be used in tandem to produce a two phase (hi-directional) touch
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screen device 200 as in Fig. 11C. The construct of device 200 1s similar to
that of the device of Fig. 11B but with the addition of a second thickness mode
actuator 180" which sits atop touch plate 174, The two actuators and touch
plate 174 are held in stacked relation by way of frame 178 which has an added
mwardly extending top shoulder 175", As such, touch plate 174 is sandwiched
directly between the innermost output blocks 188a, 188b' of actuators 184,
180, respectively, while the outermost cuiput blocks 188b, 188a’ of actuators
150, respectively, buttress the frame members 178" and 178", respectively.
This enclosed gasket arrangement keeps dust and debris out of the optical path
within space 176. Here, the left side of the figure Hlustrates bottom actuator
180 in an active state and top actuator 180 in a passive state in which sensor
plate 174 is caused to move towards LCD 172 in the direction of arrow 193,
Conversely, the right side of the figure illustrates bottom actuator 180 ina
passive state and top actuator 180 in an active state in which sensor plate 174
1s caused to move away from LCD 172 in the direction of arrow 195

[0860] Fig. 11D ilustrates another two phase touch sensor device 210 but
with a pair of thickness mode strip actuators 180 oriented with the electrodes
orthogonal to the touch sensor plate. Here, the two phase or bi-directional
movement of touch plate 174 is in-plane as indicated by arrow 205, To enable
such in-plane motion, the actuator 180 is positioned such that the plane of its
EAP film 15 orthogonal to those of LCD 172 and touch plate 174. To maintam
such a position, actuator 180 is held between the sidewall 202 of frame 178
and an inner frame member 206 upon which rests touch plate 174, While inner
frame member 206 1s affixed to the output block 188a of actuator 186, it and
touch plate 174 are “floating™ relative to outer frame 178 to allow for the in-
plane or lateral motion. This construet provides a relatively compact, low-
profile design as it eliminates the added clearance that would otherwise be
necessary for two-phase out-of-plane motion by touch plate 174. The two
actuators work in opposttion for two-phase motion. The combined assembly of
plate 174 and brackets 206 keep the actuator strips 180 in slight compression
against the sidewall 202 of frame 178. When one actuator 1s active, it
compresses or thins further while the other actuator expands due to the stored

compressive force. This moves the plate assembly toward the active actuator.
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The plate moves in the opposite direction by deactivating the first actuator and
activating the second actuator.

[0661] The subject transducers and actuators are also useful in fluid (e,
liguid, gas, etc.) control and movement applications including valves and
pump mechanisms. Figs. 12A and 12B show a one-way poppet valve
mechanism 220 emploving thickness mode actuator 232, The actuator is
seated within fluid chamber 234 having fluid inlet and outlet ports 236, 238,
respectively. Actuator 232 is situation within chamber 234 such that its output
structure 240 is aligned with outlet port 238, When actuator 232 isima
passive state, as shown in Fig. 12A, output structure 240 is buttressed against
aperture 238" of the outlet port which defines the valve seat. As such, the valve
has a normally closed configuration. As shown in Fig. 12B, the thickness
made operation of the actuator 232 when activated pulls output structure 240
away from valve seat 238" thereby allowing fluid within chamber 234 to exit
through outlet port 2385,

[0862] Fig. 12C llustrates a two-way poppet valve 230 having fluid chamber
254 with an inlet port 256 and twe output ports 258a, 258b having respective
apertures 258a', 258b". An actuator mechanism 252 contained within the
chamber includes two activatable portions 252a, 252b, each having an output
structure 260a, 260b, respectively, aligned with output ports 258a, 238b,
respectively. In the tllustrated embodiment, actuator portion 252a is active
while actuator portion 252b 18 mactive, thereby alternating flwid flow through
the two outlet ports. However, both actuator portions may be activated in
tandem, if desired. Tt can be appreciated that valve 250 may have any number
of outlet port-actuator pairings with actuation function being accomplished
with either a monolithic structure with a plurality of activatable portions, as
illustrated, or a plurality of structurally discrete actuators. The individual
actuators or actuator portions may be activated m tandem or ndependently,
such that any combination of output flow is provided.

[0863] The subject actuators are also suitable for use with diaphragm type
pumps. One such diaphragm pump 270 is shown i Figs. 13A and 13B in
which the fluid chamber 274 has inlet and outlet ports 276, 278, respectively,
having check valves mechanisms to control fluid flow therethrough. The

outpuf structure 280 of thickness mode actuator 272 15 affixed to the underside
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of a diaphragm 282 that extends between the sidewalls and across the upper
end of chamber 274, The diaphragm is made of a material stiff enough fo not
flex or stretch under compression pressure, e.2., fiber reinforced rubbers, stiff
elastomers, filled silicone, a thin metal membrane, etec. Activating and
deactivating actuator 272 moves diaphragm 282 away and towards,
respectively, the inlet and outlet ports. With the positive pressure created in
chamber 274 when diaphragm 274 is moved towards the ports, as tllustrated in
Fig. 13A, outlet check valve 275 1s caused to open allow fluid to be exhausted
from the chamber. Conversely, with the negative pressure created in chamber
274 when diaphragm 274 is moved away from the ports, as illustrated in Fig.
13B, mlet check valve 278 is caused to open, creating fluid intake to the
chamber.

[0664] Figs. 14A and 14B illustrate another diaphragm-tyvpe pump employing
thickness mode a multi-actuator miechanism 276. The actuator has three
activatable portions 276a-c (but may have more or fewer portions), with the
cuter two portions 276a, 276¢ being aligned relative to inlet-outlet ports 274a,
274b, respectively, of fluid chamber 292. Diaphragm 298 is coupled at its
vnderside to the respective output structures 300a-c of the actuator portions.
To exhaust fluid from chamber 292, one or both ports 294a, 294b are opened,
as illustrated in Fig. 14A, by activating outer actuators 296a, 296¢.
Conversely, deactivating the outer actuators while activating the center
actuator 296b, as illustrated in Fig. 148, closes both valve ports while alse
priming the pump for the next exhaust stroke. Diaphragm sheet 298 may
emplov multiple materials so as to facilitate the poppet valve sealing, for
example, the membrane could be made of a metal foil with rubber coating
over the valve area

[0665] The multi-phase Hnear actuator mechanisms of the present invention
are also highly suitable for use with peristaltic pumps, such as pump 310 of
Figs. 15A and 15B. Pump 310 comprises a chamber or conduit (which may
have any suitable cross-sectional shape, e.g., cylindrical, rectangular, square,
etc.} having a base 312a and a top portion or cover 312b. Thickness mode
actuator mechanism 318, here having four activatable portions illustrated, is
offset from base 312a by output or mounting structures 314a. The opposing

outpuf structures 3 14b are coupled to the underside of diaphragm 316. The
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spacing provided by the offset of the structures 314a, 31b allow for the
thickness mode bulging of the inactive portions and the compressing of the
active portions of the actuator strip 318, Fluid is caused to linearly move
between diaphragm 316 and top cover 312b by sequential activation and
deactivation of the various active portions of actuator 318, The flow rate may
be varied by controlling the on-off rate of the active portions. Optionally, a
fixed diaphragm 322 may be mounted to the underside of top cover 312b to
facilitate fluid flow dynamics through the passageway 320 defined between
the two diaphragms or to provide a disposable fluid path (with the actuator and
housing being non-disposable).

{0666] Fig. 158 illustrates another peristaltic pump 330 with a simplified
design in that the diaphragm(s) and top output structures of the peristaltic
pump of Fig. 13A have been climinated. As such, the top passive layer 324 of
actuator 318 takes the function of previous diaphragm 316, with fluid passing
through the spacing 326 between the passive laver and the top cover or 312b.

[0867] The subject thickness mode actuators are also very useful in
brake/clutch applications. Figs 16A and 168 illustrate a proportional linear
braking system 330 in which a moveable member 332 (such as those used for
commonly known rod bearing arrangement) 1s linearly translatable within the
spacing between a grounded structure 338 and a brake mechanism 334. The
brake mcludes thickness mode actuator mechanism 336 positioned within
housing 334, which 13 also grounded. Actuator 336 may have one or more
active arcas (i.¢., two active areas are employed here) depending on the
surface area of member 332 and the breaking force required to stop its
movement. For maximum breaking force (as well as for maximum clearance),
all of the active areas are activated/deactivated simultancously. In the passive
state, as illustrated in Fig. 16A, the output plate 342 of the actuators is in a
closed or extended position, thereby clamping member 332 agamst grounding
pad 338. In the active state, ax illustrated in Fig. 168, output plate 342 is open
or receded within housing 334, providing clearance for the linear movement of
member 332.

{0668] Figs 17A and 178 illustrate a rotary braking system 350 having a
rotary disc 352 having a disc element 3522 and an axial shaft 3532b. The

braking actuators 356a, 336b are mounted in stacked relationship within a
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housing 354, Disc 352 1 positioned within the spacing between inwardly
facing cutput members or braking or cluich pads 338a, 335b, respectively.
When actuators 336a, 356b are inactive and in their highest profile, as
illustrated in Fig. 17A, they are caused to clamp down and stop the rotation of
disc 352. When the actuators are active and in a compressed state, disc 352 1s
unclamped and allowed to move therethrough. The amount of braking force
apphied 1o disc 352a can be proportioned by either activating one of the two
actuators or activating them both in tandem but at a decreased voltage to
reduce their respective output displacement.

[0669] The transducer/actuator embodiments described thus far have the
passive laver(s) coupled to both the active (i.e., areas including overlapping
electrodes) and inactive regions of the EAYP transducer film. Where the
transducer/actuator has also employed a rigid output structure, that structure
has been positioned over areas of the passive layers that reside above the
active regions. Further, the active/activatable regions of these embodiments
have been positioned centrally relative to the inactive regions. The present
invention also inclides other fransducer/actuator configurations. For example,
the passive layer{s) may cover only the active regions or only the inactive
regions, Additionally, the inactive regions of the EAP film may be positioned
centrally to the active regions.

[0670] Figs. 18A and 18B illustrate one such variation in which the inactive
area is positioned internally or centrally to the active region(s), i.e., the central
portion of the EAP film is devoid of overlapping electrodes. Thickness mode
actuator 360 mcludes EAP transducer film comprising dielectric layer 362
sandwiched between electrode layers 364a, 354b i which a central portion
365 of the film s passive and devoid of electrode material. The EAP film is
held in a taut or stretched condition by at least one of top and bottom frame
members 366a, 366h, collectively providing a cartridge configuration.
Covering at least one of the top and bottom sides of the passive portion 365 of
the film are passive layers 368a, 368k with optional rigid constraints or cufput
members 370a, 370b mounted thereon, respectively. With the EAP film
constrained at its perimeter by cartridge frame 366, when activated (see Fig.
18B), the compression of the EAP film causes the film material to retract

inward, as shown by arrows 367a, 367b, rather than outward as with the
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above-described actuator embodiments. The compressed EAP film impinges
on the passive material 368a, 368b causing its diameter to decrease and its
height to increase. This change in configuration applies outward forces on
output members 370a, 370b, respectively. As with the previously described
actuator embodiments, the passively coupled film actuators may be provided
in mudtiples in stacked or planar relationships to provide multi-phase actuation
and/or to increase the output force andior stroke of the actuator.

[0871] Performance may be enhanced by prestraining the dielectric film
and/or the passive material. The actuator may be used as a key or button
device and may be stacked or integrated with sensor devices such as
memibrane switches. The bottom output member or bottom electrode can be
used to to provide sufficient pressure to a membrane switch to complete the
circuit or can complete the circuit directly if the bottom output member has a
conductive layer. Multiple actuators can be used in arrays for applications
such as keypads or keybeards.

[0872] The various diclectric elastomer and electrode materials disclosed in
LIS, Patent Application Publication No. 2005/0157893 are suitable for use
with the thickness mode transducers of the present invention. Generally, the
diclectric elastomers include any substantially insulating, compliant polymer,
such as silicone rubber and acrylic, that deforms in response to an elecirostatic
force or whose deformation resufts i a change in electric field. In designing or
choosing an appropriate polymer, one may consider the optimal material,
phvsical, and chemical properties. Such properties can be tailored by judicious
selection of monomer (including any side chains}, additives, degree of cross-
hinking, crystallimty, molecular weight, ete.

{0673] Electrodes described therein and suitable for use include structured
clectrodes comprising metal fraces and charge distribution layers, textured
electrodes, conductive greases such as carbon greases or silver greases,
colloidal suspensions, high aspect ratio conductive materials such as
conductive carbon black, carbon fibrils, carbon nanotubes, graphene and metal
nanowires, and mixtures of ionically conductive materials. The electrodes may
be made of a compliant material such as elastomer matrix containing carbon or
other conductive particles. The present tnvention may also emplov metal and

semi-inflexible electrodes.
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[0874] Exemplary passive layer materials for use in the subject transducers
include but are not limited to silicone, styrenic or olefinic copolymer,
polvurethane, acrylate, rubber, a soft polymer, a soft elastomer (gel), soft
polvmer foam, or a polymer/gel hybrid, for example. The relative elasticity
and thickness of the passive laver(s) and dielectric layer are selected to
achieve a desired output (e.g., the net thickness or thunness of the intended
surface features), where that output response may be designed to be linear
{e.g.. the passive laver thickness is amplified proportionally to the that of the
dielectric laver when activated) or non-linear (e.g., the passive and dieleciric
layvers get thinner or thicker at varyving rates).

{0675] Regarding methodology, the subject methods may mnclude each of the
mechanical and/or activities assoctated with use of the devices described. As
such, methodology imyplicit to the use of the devices described forms part of
the invention. Other methods may focus on fabrication of such devices.

[0876] As for other details of the present invention, materials and alternate
related configurations may be emploved as within the level of those with skill
in the relevant art. The same may hold true with respect to method-based
aspects of the imvention in terms of additional acts as commonly or logically
emploved. In addition, though the invention has been described in reference
to several examples, optionally incorporating various features, the invention is
not to be limited to that which is described or indicated as contemplated with
respect to each variation of the invention. Various changes may be made to
the invention described and equivalents (whether recited herein or not
included for the sake of some brevity) may be substituted without departing
from the true spirit and scope of the invention. Any number of the mdividual
parts or subassemblies shown may be mntegrated in their design. Such changes
or others may be undertaken or guided by the principles of design for
assembly.

[0877] Also, it is contemplated that any optional feature of the inventive
variations described may be set forth and claimed independently, or in
combination with any one or more of the features described herein. Reference
to a singular item, includes the possibility that there are plural of the same
ttems present. More specifically, as used herem and in the appended claims,

EI LTI

the singular forms “a,” “an,” “said,” and “the” include plural referents unless
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the specifically stated otherwise. In other words, use of the articles allow for
“at least one™ of the subject item in the description above as well as the claims
below. Itis further noted that the claims may be drafied to exclude any
optional element. As such, this statement is intended to serve as antecedent
basis for use of such exclusive terminology as “solely,” “only™ and the hke in
comnection with the recitation of claim elements, or use of a “negative”
limitation. Without the use of such exclusive terminology, the term
“comprising” in the claims shall allow for the mclusion of any additional
clement — irrespective of whether a given number of elements are enumerated
in the claim, or the addition of a feature could be regarded as transforming the
nature of an element set forth n the claims. Stated otherwise, unless
specifically defined hercin, all technical and scientific terms used herein are to
be given as broad a commonly understood meaning as possible while
maintaining claim validity.

{0878] In all, the breadth of the present invention is not to be limited by the

examples provided. That being said, we claim:
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CLAIMS
What is claimed is:
I. A transducer comprising:

an electroactive polymaer film comprising a thin dielectric elastomer fayer,
wherein a portion of the dielectric elastomer laver 1s sandwiched between first and
second electrodes wherein the overlapping portions of the electrodes define an active
film region with the remaining portion of film defining an mnactive film region;

a first conductive layer disposed on at least a portion of the inactive film
region and electrically coupled to the first electrode, and a second conductive layer
disposed on at least a portion of the inactive film region and clectrically coupled to
the second electrode; and

at least one passive polymer layer, the polymer layer extending over at feasta
portion of one side of the electroactive polymer film, wherein activation of the active

region changes a thickness dimension of the passive polymer layer.

2. The transducer of claim | further comprising a first conductive via extending
through the transducer at a location which includes the first electrode and a second
conductive via extending through the transducer at a location which mcludes the
second electrode.

3. The transducer of clanim 1 further comprising at least one rigid output structure

mounted to a passive polymer layer.

4. The transducer of claim 3 further comprising a rigid output structure mounted

to each passive polymer layer.

5. The transducer of claim 1 comprising two passive polymer layers, one on cach

side of the electroactive polymer film.

6. The transducer of claim 1, wherein the transducer is used to provide haptic

teedback.

7. The wransducer of claim ¢ wherein the haptic feedback is provided for a touch

screen device, a touch panel, a button, a key or a pointing device.
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3. The transducer of claim 1, wherein the transducer controls the opening and

closing of a valve mechanism.

9. The transducer of claim 1. wherein the transducer controls the flow of fluid

through a chamber,

{13 The transducer of claim 1, wherein the transducer controls a linear braking
system.

11, The transducer of claim 1, wherein the transducer controls a rotary braking
system.

12. The transducer of cfanm 1, wherein the active region 18 central to the inactive
region.

13. The transducer of claim 12, wherein the passive layer extends over the active

and the inactive regions.

14. The transducer of claim 12, wherein the transducer is used to provide haptic

feedback.

I5. The transducer of claim 1, wherein the inactive region is central to the active
region.

l6. The transducer of claim 12, wherein the transducer is used to provide haptic

feedback.

17. The transducer of claim 15, wherein the passive layer extends over only the

mactive region.

18. A transducer assembly comprising;
at least two stacked layvers of clectroactive polymer film, each electroactive

polymer film comprising a thin dielectric elastomer layver, wherein a portion of the
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dielectric elastomer layer 1s sandwiched between first and second electrodes wherein
the overlapping portions of the electrodes define an active film region with the
remaining portion of film defining an inactive film region, wherein the active film
regions of the respective layers of electroactive polymer film are in stacked alignment
and the mactive active film regions of the respective lavers of electroactive polymer
film are in stacked alignment; and

a first conductive layer disposed on at least a portion of the inactive film
region of each electroactive polymer film and electrically coupled to the first
clectrode thereof, and a second conductive layver disposed on at least a portion of the
inactive film region of each electroactive polvmer film and electrically coupled to the

second electrode thereof

19. The transducer assembly of claim 18 further comprising a passive polymer
laver over each exposed side of the electroactive polymer films, wherein activation of

the active regions changes a thickness dimension of the passive polymer lavers.

2. The transducer assembly of claim 18 further comprising a first conductive via
extending through the stacked electroactive polymer films at a location which
inchides the first electrode of each film and a second conductive via extending
through the stacked clectroactive polymer films at a location which includes the

second electrodes.

21. A method of fabricating a transducer comprising:

providing a transducer comprising: an electroactive polyvimer film comprising a
thin dielectric elastomer layer, wherein a portion of the dielectric elastomer layer is
sandwiched between first and second electrodes whercin the overlapping portions of
the electrodes define an active film region with the remaining portion of film defining
an inactive film region; a first conductive layver disposed on at least a portion of the
inactive film region and electrically coupled 1o the first electrode, and a second
conductive layer disposed on at least a portion of the inactive film region and
electrically coupled to the second electrode; and at least one passive polymer layer,
the polvmer layer extending over at least a portion of one side of the electroactive
polymer film, wherein activation of the active region changes a thickness dimension

of the passive polymer laver; and
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forming first and second vias through the electroactive transducer at locations
comprising first and second conductive lavers, respectively, wherein the viag are
drilled to a depth at least to the conductive layers; and

filling the vias with a conductive material, wheretn the vias are electrically

coupled to a source of power.

22. The method of claim 21 further comprising potting the filled vias with a non-

conductive material.

23. The method of claim 21 further comprising placing a non-conductive tape

over the filled vias.

24, The method of claim 21 turther comprising mounting the transducer to
electrical traces coupled to a source of power, wheremn the vias are drilled through the

entire thickness of the transducer.

25, The method of claim 21 fuarther comprising inserting conductive leads into the

conductive material.

26, The method of claim 21, wherein forming the vias comprises drilling,

punching, molding, piercing, or coring the electroactive transducer.

27. A method of fabricating a transducer comprising:

providing a transducer comprising: an electroactive polyvimer film comprising a
thin dielectric elastomer layer, wherein a portion of the dielectric elastomer layer is
sandwiched between first and second electrodes whercin the overlapping portions of
the electrodes define an active film region with the remaining portion of film defining
an inactive film region; a first conductive laver disposed on at least a portion of the
inactive film region and electrically coupled 1o the first electrode, and a second
conductive layer disposed on at least a portion of the inactive film region and
electrically coupled to the second electrode; and at least one passive polymer layer,
the polvmer layer extending over one side of the electroactive polymer film, wherein
activation of the active region changes a thickness dimension of the passive polymer

{ayer; and

(]
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driving first and second conductive contacts having a piercing configuration
through the ransducer at locations comprising first and second conductive lavers,

respectively, to a depth that penetrates the conductive layers.

28. The method of claim 27 further comprising mounting the transducer to
clectrical traces coupled to a source of power, wherein exposed ends of the conductive

contacts are electrically coupled to the source of power.

29, A transducer comprising;

an electroactive polymer film comprising a thin dielectric elastomer layer,
wherein a portion of the dielectric elastomer layer 15 sandwiched bhetween first and
second electrodes, wherein each of the electrodes comprises symmetrical trace
patterns apposing cach other, wherein the areas of electrode apposition are active and
the remaining areas are inactive, wherein activation of the active areas increases a

thickness dimension of the inactive areas.

34 The gansducer of claim 29, wherein the respective trace patierns comprises a

plurality of substantially parallel, spaced apart traces.

31. The transducer of claim 30, wherein the plurality of traces form a concentric
pattern.
32. The transducer of claim 31, wherein the clectrode patterns are sized for use in

a button actuator.

33, The transducer of claim 29, wherein the plurality of traces form a novelty
shape.

34, The transducer of claim 29, wherein the fransducer has a strip configuration.
35. The transducer of claim 34, wherein the transducer strip is singulated from a

continaous strip of electroactive polvmer film.
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36. The transducer of claim 35, wherein the electrode patterns are continuous

along the strip.

37. The transducer of claim 35, wherein the electrode patterns are discrete and

repeating along the strip.

38. The transducer of claim 34, wheremn the transducer strip frames an open space.
39, The transducer of claim 38, wherein the transducer forms a gasket-type
actuator.

40, The transducer of claim 39, wherein the gasket-type actuator is used for

actuating a touch screen device,

41. A user mterface device providing haptic feedback comprising:
an array of transducers of claim 32; and

at least one user contact surface positioned over the array of transducers.

42, The user interface device of ¢laim 41, wherein the user interface device is a

keypad or kevhoard.

43, A user interface device providing haptic feedback comprising:
an array of transducers of claim 17; and

at least one user contact surface positioned over the array of transducers.

44, The user interface device of ¢laim 43, wherein the user interface device is a

keypad or kevhoard.
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