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A tremendous variety of devices used today rely on actuators of one sort or
another to convert electrical energy to mechanical energy. Conversely, many

15  power generation applications operate by converting mechanical action into
electrical energy. Employed 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 electrical signal for measurement purposes, it may be characterized as a

20  sensor. Yet, the term “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” (EAPs),
25  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, EAP technology offers an ideal replacement for piezoelectric, shape-
memory alloy (SMA) and electromagnetic devices such as motors and solenoids.

30



-2- Exanpl es of EAP devices and their applications are described, for
exanple, in U S Pat. Nos. 7,394, 282; 7,378,783; 7,368,862; 7,362,032;
7,320, 45AWOoR0P3934883; 7, 233, 097; 7,224,106; 7,211, 937; PCTHEP260054015
7,166, 953; 7,064, 472; 7,062,055, 7,052,594; 7,049,732; 7,034,432,
6, 940, 221; 6,911, 764; 6,891, 317; 6,882,086; 6,876,135; 6,812, 624,
6, 809, 462; Examples of EAP devices and their applications are described, for example, in
U.S. Pat. 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; 7,211,937, 7,199,501; 7,166,953; 7,064,472; 7,062,055;
7,052,594; 7,049,732; 7,034,432, 6,940,221; 6,911,764; 6,891,317, 6,882,086;
5 6,876,135; 6,812,624; 6,809,462; 6,806,621, 6,781,284; 6,768,246, 6,707,236,
6,664,718; 6,628,040; 6,586,859; 6,583,533, 6,545,384; 6,543,110, 6,376,971 and
6,343,129; and in U.S. Published Patent Application Nos. 2009/0001855;
2009/0154053; 2008/0180875; 2008/0157631; 2008/0116764; 2008/0022517;
2007/0230222; 2007/0200468; 2007/0200467; 2007/0200466; 2007/0200457;
10 2007/0200454; 2007/0200453; 2007/0170822; 2006/0238079; 2006/0208610;
2006/0208609; and 2005/0157893, and 2010/0109486; PCT application Nos.
PCT/US09/63307; and PCT/US2011/000196; and PCT Publication No. W0

2009/067708.

15  An EAP transducer comprises two clectrodes 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 diclectric layer therebetween. As the electrodes
are pulled closer together, the dielectric polymer film becomes thinner (the z-axis

20  component contracts) as it expands in the planar directions (along the x- and y-
axes), 1.¢., the displacement of the film is in-plane. The EAP 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. Published
Patent Application No. 2005/0157893 discloses EAP film constructs which

25  provide such out-of-plane displacement — also referred to as surface deformation

or thickness mode deflection.

Numerous transducer-based applications exist which would benefit from the
advantages provided by such EAP films. One such application includes the use of
30  EAP films to produce haptic feedback (the communication of information to a

user through forces applied to the user’s body) in user interface devices. There



6, 806, 621; 6,781, 284; 6, 768, 246; 6,707, 236; 6, 664, 718; 6, 628, 040;

6, 586, 859; 6, 583, 533; 6, 545, 384; 6,543,110; 6,376,971 and 6, 343,129; and in
U. S. Publwehed/Ratsant Application Nos. 2009/ 0001855; 20@erEP2e10534015

2008/ 0180875; 2008/ 0157631; 2008/ 0116764; 2008/0022517; 2007/0230222;

2007/ 0200468;

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

5  user interface surface can 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.

10 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 a when a cell phone vibrates in a purse or bag) or otherwise
sensed (e.g., via an action of a moving body that creates a pressure disturbance but

15  does not generate an audio signal in the traditional sense).

Haptic feedback capabilities are known to improve user productivity and
efficiency, particularly in the context of data entry. It is believed by the inventors
hereof that further improvements to the character and quality of the haptic

20  sensation communicated to a user may further increase such productivity and
efficiency. It would be additionally beneficial if such improvements were
provided by a sensory feedback mechanism which is easy and cost-effective to
manufacture, and does not add to, and preferably reduces, the space, size and/or
mass requirements of known haptic feedback devices.

25
However, there remains a need for improved control of haptic or other discernable
feedback, including audio feedback of actuators or transducers using an existing
audio source such as any gaming device or a media player. Current haptic
solutions require either host software on the device to trigger the haptic effect

30  though a dedicated channel or simply consist of filtering the audio in to the haptic

transducer. The methods and procedures provided herein allow for improved
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10  one variation, a user interface device having sensory feedback is provided. One
benefit of the present invention is to provide the user of a user interface device
with haptic feedback or other discernable feedback using an audio signal from the

device.

15  In another variation, the present invention includes methods and procedures for
improved control of a haptic actuator with signals originally triggered by, or
extracted from an audio source such as any gaming device or a media player.
Current haptic solutions require either host software on the device to trigger the
haptic effect though a dedicated channel or simply consist of filtering the audio in

20  to the haptic transducer. A variation of an improved method allows for an off-
board haptic effect processor to determine the type of application being used on
the host device either purely based on a statistical analysis of the audio or use of
the statistical analysis to in conjunction with such current haptic solutions. Based
on the type of application, the effect processor can analyze the audio signal to see

25  ifthe audio should pass though a low-pass filter to act as a subwoofer (in the case
of music), if the audio should pass though at a reduced volume with artificially
synthesized effect waveforms super-imposed (games with background audio), or
if the audio signal triggers a threshold based synthesized wave trigger. The same
statistical engine can also determine the optimal incoming audio signal amplitude

30  to trigger synthesized waveforms. Optionally an onboard digital signal processor
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20  one control value, where the triggering mode is selected from a plurality of modes

including a first and a second mode; generating a triggering signal based on the

triggering mode, where the triggering signal is unique to the triggering mode

selected from the plurality of modes; and providing the triggering signal to a

transducer that is coupled to the electronic device and is configured to generate

25  the discernable effect.

In another variation of the inventive method, analyzing at least the plurality of the
recorded digital values to generate at least one control value involves performing a
statistical analysis on at least the plurality of recorded digital values. The

30  statistical analysis can include calculating a mean, a standard deviation, and/or

range of at least a plurality of the recorded digital values.
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25  Another variation of the method includes selectively varying output in a
transducer that is coupled to an electronic device, where the electronic device
produces an audio output signal. In one example such a method involves
conditioning the audio output sound signal to generate an analog voltage
corresponding to the audio sound signal; converting the analog voltage to a digital

30 value; analyzing at least a plurality of recorded digital values from an array of

recorded digital values to generate at least one control value; selecting a triggering
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limited to Planar, Diaphragm, Thickness Mode, and Passive Coupled devices

(Hybrids).

25  The present invention may be employed in any type of user interface device
including, but not limited to, touch pads, touch screens or key pads or the like for
computer, phone, PDA, video game console, GPS system, kiosk applications, etc.
However, the methods and procedures described herein to generate discernable
feedback can be applied in any device and/or method analysis of an audio signal

30  can assist in producing a discernable effect in a device.
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not |im %ﬁg%&ﬂ%@?b@%ﬁﬁﬂﬁm MS!&'}%?%%%m ﬁl%qnf%gﬁg\éﬁd% g' ed

devi ces e present inventl be enplo In any type of
user interfaﬁehdmwmumnlnnbude@roﬁﬂm1mh?ﬂhﬂthedrmﬂmamawmhsﬂadelnmpuch
screens or ads or the |like onput er hon PDA, .vi deo

concal s, cpeedyRagid Ritbiidcigtr 1Sk BRER urthoR BV nde it RBHE and

procedures qg&ﬁgbgﬁgpﬁe5e&gmﬁgbg§@ghg5e drscernable feedback can be applied
in any devicé and/or method analysis o6f an audio signal 30can assist in

produci ng a discernable effect in a device. -8-

15  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

The invention is best understood from the following detailed description when

20  read in conjunction with the accompanying drawings. To facilitate understanding,
the same reference numerals have been used (where practical) to designate similar
clements that are common to the drawings. Included in the drawings are the

following:

25  Figs. 1A and 1B illustrate some examples of a user interface that can employ
haptic feedback when an EAP transducer is coupled to a display screen or sensor

and a body of the device.

Figs. 2A and 2B illustrate a top perspective view of a transducer before and after
30  application of a voltage in accordance with one embodiment of the present

invention.



As for other details of the present invention, materials and alternate

rel ated configurations may be enployed as within the I evel of those with
skill in wbeoriefisssant art. The same nay hold true with PeETEPea11064015

met hod- based aspects of the invention iy terns of additional acts as
commonly or logically enployed. In 5addition, though the invention has been
described in reference to several exanples, optionally incorporating
various features, the invention is not to be |imted to that which is
descri bed orpij ngi QRkEse@S pRRBLIIRbAIIBENNE bR 2GS RRGEI ByaBARb M@LARL on of
the invention. Various changes may be nmade to the invention described and
equi val ent s adwsevditige lecistand fregneicy rangerfot thenohlogéal diggal dcoheersaloétief 10 sone
brevity) naélbﬁ sungituted wi t hout departing fromthe true spirit and
scope of tha@PHGEMIONS: Any number of the individual parts or subassenblies
shown mayg be integrated in their design. Such changes or others may be
undertaken or guided by the principles of design for assenbly. 15These and
ot her feat urldgs. 44joeld tﬂiglséfﬁ@ adouht agdernpsaniHe plohs/ wih pp Accpininanyes one

apparent to S r 1l n the. akf, upon reading the details of
the inventi O%Pu%gﬁ%?t{ﬁs?ﬂ%ﬁP?/ﬂ é%%trjsuhgvéﬂt“gggoév}.* BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention is best understood fromthe follow ng detail ed
description when 20 read in cagnjunction with the acconpanyi ng drawi ngs. To
facilitate ufIEtienghticigventing figgnihat doamdn dhe fr"ﬁ}’r?%‘rlélcgntﬁ%ét%’gen used (where
practical) to designate simlar elenments that are comon to the draw ngs.

I ncl udedgi n the draw ngspgng ERDHEQRPVIOS ORTHEANVERTAIL 1B illustrate
sonme exanples of a user interface that can enpl oy haptic feedback when an
EAP t r ansducBre desicespstens tnd methiodpdbihe poasednnamtise asgrovadaicabdsody of t he

devi ce. Fj gs, nd 2B i]lustrate.a t.op perspective view of a
transducer b({fgadlr‘@l%g]‘"f’gerﬁ?‘fegf) t%acﬁBB]P?%yé?g ﬁ%&%g a voltage in accordance with

one enbodi nent of the present invention. -9- Fig. 3Aillustrates a process
of conditioning an audi o signal by an analog circuit to adjust voltage

| evel s and fExequdseyf B Adhdeyidesand Hisiraapalienjions agi dgbargied cobvartabNast  t he
haptic qentrpldffe) 3 378,783; 7,368,862; 7,362,032; 7,320,457; 7,259,503; 7,233,097,
7,224,106; 7,211,937, 7,199,501, 7,166,953; 7,064,472; 7,062,055; 7,052,594;
7,049,732; 7,034,432, 6,940,221, 6,911,764, 6,891,317, 6,882,086; 6,876,135;
6,812,624; 6,809,462; 6,806,621; 6,781,284, 6,768,246, 6,707,236, 6,664,718,
6,628,040, 6,586,859, 6,583,533; 6,545,384; 6,543,110, 6,376,971 and 6,343,129;
20  and in U.S. Published Patent Application Nos. 2009/0001855; 2009/0154053;
2008/0180875; 2008/0157631; 2008/0116764; 2008/0022517; 2007/0230222;
2007/0200468; 2007/0200467; 2007/0200466; 2007/0200457; 2007/0200454;
2007/0200453; 2007/0170822; 2006/0238079; 2006/0208610; 2006/0208609; and
2005/0157893, and 2010/0109486; PCT application Nos. PCT/US09/63307; and
25 PCT/US2011/000196; and PCT Publication No. W0 2009/067708, the entiretics

of which are incorporated herein by reference.

As noted above, devices requiring a user interface can be improved by the use of
haptic feedback on the user screen of the device. Figs 1A and 1B illustrate simple
30  examples of such devices 190. Each device includes a display screen 232 for

which the user enters or views data. The display screen is coupled to a body or



Figs. 4A to 41 illustrate various waveform sanple plots wth an

acconpanyi ng val ue dataset using the process shown in Fig. 3A Variation of
t he i nverwODanifmnassst hat shown in the figures is contenplPara®20110DBTAI LED
DESCRI PTI ON OF THE | NVENTI ON The devi (‘1§ systems and net hods of the
present invention are now described in detail with reference to the

acconpanyin gur es e EAP deyi ce and their | cations are
descri bed i 3(5‘168% tthgﬁﬁ)"gg @16%{%% A ﬁ‘SFSf %rﬁéI&F hl%bl}ﬂ i cation
Nos. 2009/ 0QQd 856K thR A/ A4 dle?&&%&%&@%&éam@g@gﬁéﬁﬁ&%& 2008/ 0116764;

2008/ 0022517; 007/ 0230222; ‘ 2 07_/ 0200468; 007/ 0200467;" 2007/ 0200466;
2007/ 020045 TonP a7y, 0200 s in2@Q7ipoR00 4&3) or 20 dae piig? Zs)n-portable

structures (e.g., the screen of an information display panel, automatic teller
5  screens, etc.) For purposes of this disclosure, a display screen can also include a

touchpad type device where user input or interaction takes place on a monitor or
location away from the actual touchpad (e.g., a lap-top computer touchpad). In
addition, the control methods described herein can be applied in those devices
employing a housing assembly that are removably coupled to an electronic media

10 device. In such a case, the improved controls and potentially the transducer are
separate but coupleable to the electronic device. An example of such devices can

be found in PCT/US2011/000196

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

15  dielectric elastomer materials, also referred to as “electroactive polymers” (EAPs),
for the fabrication of transducers especially when haptic feedback of the display
screen 232 is sought. 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

20  applications, EAP technology offers an ideal replacement for piezoelectric, shape-

memory alloy (SMA) and electromagnetic devices such as motors and solenoids.

An EAP transducer contains two thin film electrodes having elastic characteristics
and separated by a thin elastomeric dielectric material. In some variations, the

25  EAP transducer can include a non-clastic diclectric material. In any case, 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

30  x- and y-axes components expand).



2006/ 0238079; 2006/ 0208610; 2006/ 0208609; and 2005/ 0157893, and

2010/ 0109486; PCT application Nos. PCT/US09/63307; and 25

PCT/ US20m0001198883and PCT Publ i cati on No. WO 2009/ 067708T/HPh@ 18M4015 et i es
of which are incorporated herein by refierence. As noted above, devices
requiring a user interface can be inproved by the use of haptic feedback on

the user screen. of the device. Figs |A and 1B illustrate sinple 30exanpl es
of “suich devi HEEA Fansed R nsRIcd de dhalags gop%naipp%i EelirestulieRr whi oh
the user entmLifiraQls p\fd)g‘r%nﬂﬁ’g 8f a ddiferofl hﬁ%r@ﬁseﬁ%ﬁ?ﬂle'sﬁbj@&%&étﬁé’ fde@baekbOdy or
-10- frame 234 of the device. Cearly, any nunber of "devices are included

within the gtupes.ofortdxamplti 8 cdibsancalgoeitfan daysonvdrt phiel greyscplorto &dlPe (e. g.
cel | phones,, comput er manuf act ur i equi pnent, etc.), or affixed to other
non- por ¢ abl drgtiet grgleedi Aoty B2pEaheITll vihtcGivar e T i ay "panel
automati 6 t ektedh chS6F BROBLNBUSY IdaQired UhdPAER%t&S intd1h propbfnesure, a di spl ay
screen can al so include a toucgpad tyge devi ce where user input or

i nteracti on diskesmsnblaethe &/ wemiluesr. By madeg » Gnguiwalpss thriowdipadict ual
touchpad (e. g, ’coﬁldl B0 ok AhsEQ q%%éh%he{e?&f@@fi’ﬁg%a% te'x?urg.dﬁ S E i al toPi gontrol
applied In ev g a

met hods descri’bed héerein can ose ices enmployin

housi ng assan®} iy dppditd an e wedrpagablhere digoedtrivfadivotlieftmaci o tedsa
10device. In such a case, the inprqved controls and potentially the
transducer a@té WEPINAREPIEGHSHBET @IWrEng ButiebuRIndBR yipsp dngena ekthean exanpl e

of such geviicas T%%Ob?lﬁf LE ﬁhiis Qvolag]grggl%g LY eggr%é)gt\?eg\ﬁ(s:églg%é})&fiengg sign

consi derations favor e selection use o electric

el ast omer natlald sk ng e sebr eftbe vedaltyongairéétlectvooldetdd weligehyabbr s*  ( EAPS) ,
for the fabgj%ﬁ%ion of transducers especially when haptic feedback of the
di spl ay scréeé€ % s sought. These considerations include potential force,
power density, power conversion/consunption, size, weight, cost, response

time, duty cycle, service requirenents, environnental inpact, etc. As such
in many EAP transducers are ideal for such applications for a number of reasons. For

15  example, because of their light weight and minimal components, EAP transducers
offer a very low profile and, as such, are ideal for use in sensory/haptic feedback

applications. .

Figs. 2A and 2B illustrate an example of an EAP film or membrane 10 structure.
20 A thin elastomeric dielectric film or layer 12 is sandwiched between compliant or
stretchable electrode plates or layers 14 and 16, thereby forming a capacitive
structure or film. The length “I” and width “w” of the dielectric layer, as well as
that of the composite structure, are much greater than its thickness “t”. Typically,
the dielectric layer has a thickness in range from about 10 um to about 100 um,
25  with the total thickness of the structure in the range from about 15 um to about 10
cm. Additionally, it is desirable to select the elastic modulus, thickness, and/or
the microgeometry of electrodes 14, 16 such that the additional stiffness they
contribute to the actuator is generally less than the stiffness of the dielectric layer
12, which has a relatively low modulus of ¢lasticity, i.e., less than about 100 MPa
30  and more typically less than about 10 MPa, but is likely thicker than each of the

electrodes. Electrodes suitable for use with these compliant capacitive structures



20appl i cations, EAP technol ogy offers an ideal replacenent for

pi ezoel ectric, shape- nenory alloy (SMA) and el ectronagneti c devi ces such
as not or swandiigiabssaoi ds. An EAP transducer contains twoPChiRP241i1l063015

el ectrodes having elastic characteristigs and separated by a thin

el astoneric dielectric material. In song variations, the 25 EAP transducer

can include a non-elastic dielectric material. In any casg, when a voltage
i 1 erence 14° 49pF FEADESTHUSERDaR FaRE T & mdaTt togt izaw‘gz}an el ectrodes
attract each,gilele [dREaMiePARE&SSi ng the polymer dielectric layer

t her ebetween. As the electrodes are pulled closer together, the dielectric

polymer film becones thinner (the z-axis conponent contracts) as it expands
in the planar directio he 30 x- .and,y;axes conponents.expand). The EAP
{raneduber ey 6B TEb PV et B i e B B RRRE e KB i o
facilitates dna@gs aniit Bgo OlectRo&RNY! P§ ard Ykt IIUS 8schthdt dnghasbib] ect tactile

f eedback devices. For exanple, a software algorithm may convert pi xel

grayscal e t clEnpseriapsgeie forics ppapisnethe diakediebim 1helprside zgxi)scal e val ue
under the ti-g0fiit iR BRENS0UEHESOLA 1§ BLIPUANS! Mo TRARWIGH @R, T ans! at ed
into a proportional ‘displacement by e ransducetr. By noving a finger

across the toudbpades o4l 6coeibenpleal, they dangestape aughli¢lbstaeigienensi onal
texture. A simlar algorithmmy be applied on a web page, where the border
of an icon iQGreEdlysRedng detectigl dpferdo anp divplarsmeH CxpaRdoR SRRKHEOBr 3

buzzi ng llgut LORiAP AR BY hRg Sﬁ?ﬂl,i \%Sro?ﬁ/e‘?rdefo%a&&l Byt o érti \Aﬁ‘iq’lof‘%@@gt??: nUSer ,

this woul'd provide an entirely new sensory experie g the
web, to the filirsl?al Dypendipgionable dohseoon) dg.adampdinspedsedphetibeedback. EAP

transducers are ideal for sych applicatjons for a nunber, of. reasons. For 15
exanpl o, bocRUSBIOI0 tsraIoyH dFRICREY SRR i b bRTohdre s, EAP
transducer s QRht&ion8m¥eEbYudc846 Broilbd Me@ficaPRoRU WarioRS Qiff &Rl rahQuckise 1 n
sensory/ haptic feedback applications. . Figs. 2A and 2B illustrate an

exanpl e of amclEHAPtufds|ang disclodtand desctided i the whove-idpatified: hitent e¢fershenser i ¢
dielectric filmor layer 12 is sandw ched between conpliant or stretchable
el ectroc}é pl ates or |layers 14 and 16, thereby form ng a capacitive

structure orwithlafoltdfeagptibdtihc frinsdacd fidndtohconihufio HbRecluglilectri c layer, as
wel |l as that of the conposite structure, are nmuch greater than its

t hi ckness " tmechyyigaldaraey balpmgs the eleeteastatie prepedriviag the deficetiaveskhei n r ange
from about - t I ] i s.of the
structure i r%%‘%gmrc %‘1%81238?;{18 %@gggaﬁﬁgﬁ%%§%fﬁ1%&gggﬁghgh%ﬁ)e CE:% lﬁg\% |§t }hgnal ly, it

i s desirabl eochplissdcantsticfthinglodslid dedpdud U, 16tahd akynessinabrdisancd he

m crogeqnetry of electraodes 14, 16 such that the additional stiffness they

contri bdfe tSOYAe Bt dayies andsordaprbeanpiop tp deasdurginl & nheeiipess of the
o T ess (RIRUBREAOUERET 18 AT I PN BE DB AL 1Y e,
but is |ikelon4hmimbeeofdbthenfastehsuwh ab bie diclectric constant of the elastomeric

material and its size and stiffness. Removal of the voltage difference and the

induced charge causes the reverse effects.

25

In some cases, the electrodes 14 and 16 may cover a limited portion of dielectric

film 12 relative to the total area of the film. This may be done to prevent electrical

breakdown around the edge of the dielectric or achieve customized deflections in

certain portions thereof. Dielectric material outside an active area (the latter being

30  aportion of the diclectric material having sufficient electrostatic force to enable

deflection of that portion) may be caused to act as an external spring force on the



el ectrodes. Electrodes suitable for use wth these conpliant capacitive
structures -12- are those capable of withstanding cyclic strains greater

t han abouwoOX%4mi1s¢seut fail ure due to nechanical fati guePCAEPI@E@O540MS Fi g.

2B, when a voltage is applied across tgg_electrodes, the unli ke 5charges in
the two el ectrodes 14, 16 are attracted to each other and these

el ectrostatic .attractive forces ¢ ress. the dielectric film12 (along the
z-axi s) . Thé‘CHYf'eilréi’:fciP’ill&g datleghiar W@%P@P@lﬁeﬁﬁeM@f&ﬁpatszf@ftﬁf‘ewwwaf a change
in electric hieldist %enBhRELLONEH 4 deflctfoRbS its 08RYdABA or Ef}aNsiGhange shape
with dielectri'’c layer 12. Generally speaking, deflection refers to any

di spl acenent, expansion, contraction, 10torsion, |linear or area strain, or
any ot her def.orymti on .of ortion of.dielectric fi.lm12. Dependi ng on the
ot t act ur oot ofip 1288 B Bhingl B ool S RBNRE el oyed
(col I ect isvelpstweheNdcatkal endmeehanida >@E”" Ihe priisgaid@ilb®§ ticaiiclp@Yic be used

to produce nmechani cal work. Various different transducer architectures are
di scl osed arfdmdesiordeflee merctahé pebédeespdennpdhapigapaeknPro-eragr effcBln 15 Wth

a vol tage applied tr i 0 eonki f Loounti |
mechani cal ﬁgérlyc%sdegé@geﬁicag F%%ﬂégée&dr%lgb %118? %n ?%ﬂg%ﬁ@ﬁgﬁ?ﬁ%g&? %l(iangdef | ection.
The mechani qalatif©tocths diniglsisaen elad gdire@ionesfore prgstfadiiog SThefpré-beaidinglyect ri c

| ayer 12, the conpljance or stretchin the el ectrodes_ 14, 16 and any

f

ext ernal reso8WwaNe slastts ¢sferpagien Oﬁg}leé%l%@&rie dlrgzad 8¢ forged. o5 spmaRicry

transduger Js‘i’re}cmg tﬁ@ﬁﬂhﬁf@hsigﬁfaﬁc?ﬁkfng%n&’kr & Mtﬁ@%ﬁ%f:ﬁ%&hfﬂ%%tr@t%h@d.resmt of
(0] er o other

the applied voltage nay al so depen a nu actors such as
t he di el ect rite prowstiamaydfe itripesal @ shobemndariayaif ¢hid @lm antdr bhly agpargorand

stiffness. Renopval of the voltage difference.and the induged charge causes
The rover se dipuim Sty hY SaEteaCubl EE Sl fabnos Ml ST ET g8 oy caver a

limted portjoeioPériflé glgctric film12 relative to the total area of the
film This may be done to prevent electrical breakdown around the edge of
the dielectric or achieve custom zed deflections in certain portions

th f. Di tr terial outsi t : the latter being 30
bor t1on 137 (1B tirsfusdtrict e B PRabl 2B Sbt PReEiERet et Plaflord for coto
enabl e def | eglitRnd@iilstdfaheiP@IsirGdt) aftaold dultpgsedbdoinagdnyaT tid ext er nal

spring force on the -13- o ) )
referenced patents and publications disclosed herein.

Performance may be enhanced by prestraining the dielectric film and/or the

20  passive material. The actuator may be used as a key or button device and may be
stacked or integrated with sensor devices such as membrane switches. The
bottom output member or bottom electrode can be used 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

25  can be used in arrays for applications such as keypads or keyboards.

The various dielectric elastomer and electrode materials disclosed in U.S.

Published Patent Application No. 2005/0157893 are suitable for use with the

thickness mode transducers of the present invention. Generally, the dielectric
30  eclastomers include any substantially insulating, compliant polymer, such as

silicone rubber and acrylic, that deforms in response to an electrostatic force or



active area during deflection. Mdre specifically, material outside the
active area may resist or enhance active area deflection by its contraction
or expanswormiifingssdi el ectric film 12 may be pre-strai ne@CT/ERROIPOS4H3S I ai N

i nproves conversion 5between el ectrical,,and nechani cal energy, i.e., the
pre-strain allows the dielectric film fﬁ to deflect nore and provide

greater nechanical .work. Pre-strain of. a fil be .descri bed as the
change in qa@%g 98#9%“% HYlisdnp ha%&etleFle&ré%%ﬁﬁmﬁﬁémpwaewémgo the
di mensi on i nntRat,pdbfcaRiRG, HES ﬁﬁ)ﬁc&{s_ﬁre% A PRI mhRSiaP Ry St 2dda may

conprise elastic defornmdtion of the dielectric fil mang %e formed, for

exanpl e, by chosiqabpwipirigs.tSush prdpertios chehs tadnredriy jiidiciomg sde@ionrofnore of the

edges while stretched, .,The pre-strain . be ,i nposed at..the boundaries of
the filmor I?%I}O%%R?Cgld% ' Smeoc%a]tnﬁ)e a@ﬁyﬁsaﬂ?ﬁqﬁ%f%gssf "Uent ed by using
a rigid frameypillibyy, shdléduivigela, @ertion of the film 15The transducer
structure of Figs. 2A and 2B and other simlar conpliant structures and the

details of their constructs are nore fully described in nany of the

ref erenced Fﬁ%&&{d%s 8&%8&{%{111%1% EL NG dbiR (f(#r.o & AR W%%;%&%%&Ce may be
enhanced by prestrarning & di ellect e Titm and/or t he passi ve

mat eri al . Thenfeikgtmdtaltbiebandidackcalistabiteyn layerbutitorddtirogesand may be
stacked or integrated with sensor devices such as nmenbrane switches. The

bot t om out pUONHEHIYE BIGEFCSHYER BhesPULEER e OF sl charcasss dcallods! SHAPERSINSF i ci ent
t 1 g | t i j lete th
pressurq 3 Oelﬁ%ﬁs%?@tﬁ!ﬁ% écﬁ‘ldh‘eﬂ?vet HateHAR sﬁéhﬁ%ecpﬁ%&dt{v‘é l(!hthoog'f)lagﬁ,rba €te the

circuit dir ottom out put ne as a conductive layer.
Mul ti pl e actfibaitlgresrbdbmamtbeesug@ghdne aad mayd nhoswagphndaixtors ofuch as keypads

or keyboards. .The var,ious diel ectric elastoner and el gctrode materials
G scrpana | iowta bRt BTe e RGP A TN BRI SHEPE0S ar e

sui tabl e formisgaWittad é]@stérﬁé&ﬁﬁﬁ%%oﬂfﬁgﬁ’ll@ ERPSPYCRRG BhdidiGe PSR!

invention. Generally, the dielectric 30elastoners include any substantially

i nsul ati ng, Wemptdcaninverdlopmagy, alsuehplag neitdliand semr-miflosibleagiectadey | i ¢, t hat

deforms jisn BRIy pgsosivaeQagelr%(l:e{tér?a LRLLS TakS Subjict triftsducers include but
are not limited to silicone, styrenic or olefinic copolymer, polyurethane, acrylate,
rubber, a soft polymer, a soft elastomer (gel), soft polymer foam, or a polymer/gel
hybrid, for example. The relative elasticity and thickness of the passive layer(s)
and dielectric layer are selected to achieve a desired output (e.g., the net thickness

20  or thinness of the intended surface features), where that output response may be

designed to be linear (e.g., the passive layer thickness is amplified proportionally
to the that of the dielectric layer when activated) or non-linear (e.g., the passive

and dielectric layers get thinner or thicker at varying rates).

25  Regarding methodology, the subject methods may include each of the mechanical
and/or activities associated with use of the devices described. As such,
methodology implicit to the use of the devices described forms part of the

invention. Other methods may focus on fabrication of such devices.

30  As for other details of the present invention, materials and alternate related

configurations may be employed as within the level of those with skill in the



whose deformation results in a change in electric field. In designing or
choosi ng an appropriate polyner, one may consider the optimal material,
physi cal ,wandiichsassdcal properties. Such properties can PETiERROIONEDIDY
judicious selection of nmononer (includi;ag any side chains), additives,
degree of cross-linking, 5crystallinity, nolecul ar weight, etc. Electrodes
described therein and, suitable f use.jnclude structured el ectodes
conpri sing i€ S efindlae S e oLy Wit F%ﬁ?qtaﬁn}e&%f@?eﬂf Regls hhe

el ectrodes, ifQHEHAYE ¥mPbEARAToYENs AScrRNONY FIRASRT RpISjchVEes Or eases,
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conduct i ve cadiyon, thoaglkthegavcbtion haddrch desccihed onrefraerse ubesveragr aphene and
metal nanow res, . and ni%qures oftjonicalHﬁtconqﬁctivefnater%%Js. The
el ectrodes ray BESrHEQNYHY WEUBREIENE MR B ED 100 ENCHLOLI 49 romatrix
cont ai ni B9 qahitohat WHEH is GoNEWEd bV RrdRafddi a8 lcestempRgedok B8 eRpedt RYENL | ON MBY
al so enploy netal and sem -inflexible el ectrodes. 15Exenpl ary passive | ayer
mat eri al s f ceclhzigtionofehespgrsieon. Magavsicheages machbumedhigtthaienidn | imted to
Sy cone: SAGCS fl cRUENLIL Fu RORG) RGO} KERGLRARS BT AEy: T ubber, 2
soft polymer, a Soft elast one gel), soft polymer toam or a polyner/ge
hybrid, for sexeiptdty) hag beglbdtitmed alithstt duphiyingfidnt theakiraphit @hd kdvpepassi ve

| ayer(s) and dielectric |ayer are _selected to achieve a_desired out put
(e.g., the ridthe Myvenioas Ampnugrber pf Hisdadividpalinigts op pehssrembligs shove mant ur es)

wher e’ that Ut fSRORIELIR, RECHERIA0ET: SR INSRcl Skcflor ohidgg PASSI Ve
P e ST Ty o s etlion ey

| ayer thickness s anp oportio to t hat t he electric
| ayer when dgtthy atiedpleoof deipn foneaembly. g., the passive and diel ectric

| ayers get thinner or thicker at varying rates). 25 Regardi ng net hodol ogy,
t he subj ect nethods may include each of the nmechanical and/or activities

associ at ed WA {dIhdtSeetRid ddieprd&uiedr HRSGY InBREntréro faUfapsic FRLAGARLREYs | Mplicit
to the use of the devices described fornms part of the invention. Oher
met hods may thousesofotatibadal pedydivel aidicsighldevdcestc @0apréwd hepher details of

the present ipvention, materials and.alternate.related configurat.jons nay
be. enpl dyed BT s G o i B P Bl Bu Fef B of REMOERERN o'y o
art. The sang afifayt Village tef IS aWdl Fidqlic@s P efige ter the b6 RAgigkhl aspRets opf t he
invention in terns of additional acts as commonly or logically enployed. In

addi tion, tHbub#pticirenirelesnAingixapale oferticissbewvpadFign3r dhehapiice to several

controller 302 can be any embedded system which matches the memory, port and
speed requirements of the control algorithm. The incoming analog voltage is

20  converted to a digital value (var Y) 304. This value is also added to an array
containing n amount of previous Y values to comprise a running, constantly
updated statistical dataset 306. The size of the dataset can be optimized to
maximize system adaptability to signal variation but is ultimately dependent on
the resolution of the value of Y and the available memory. With every incoming

25 Y, the standard deviation, mean and range of the dataset is computed and updated
308. Optionally, the kurtosis could be computed as well. However, doing so
results in an intensive and overly precise indicator, dividing the range by the
standard deviation can yield a sufficient indicator of the shape of the histogram of
the collected Y samples.
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exanpl es, optionally incorporating various features, the invention is not
to be S5limted to that which is described or indicated as contenplated with
respect twoeatlissssi ati on of the invention. Various chamgegrawy/ob®i1srade t o
the invention described and equival entg . (whether recited herein or not

i ncluded for the sake of sone brevity) rmay be substituted w thout departing

fromthe tr spirit. and. scope.of the invention..Any nunber of the
i ndi vi dual ot otafip st PERGRROALY T ﬁ@uﬁﬁ%@%ﬁtﬁawywmn
desi gn. Such, GHRREENIQ, “RIPRUS Rivh BR 180 RLRK 8P rfigedHs (e D Hnd MR

principles of design for assenbly. Another nethod and procedure for
i nprovi ng camoendition df can tegpsied darcetlatoothe dignth Lidemalpgeonswtcomakingtthst i cal

anal ysis of audio signals to ng e.an i nproved, haptic 15effect. Such a
P ocoss | nel T ReSin rom R R Al ShgRRn RS uP R RS 1o

adj ust val t aggel¥ ahdnaMsly hoBelBLSRY cd ARAE I Herl RRarp Mt OiFat@ndiig tal
converter of the haptic controller. An exanple of which is shown in Fig. 3.

The haptic dughosbydlesof3ange/dn The chisks angtsalsianay e toershowiite progagches t he
menory, port, al [ i t 0 | al i{{hm The incom ng
anal og vol tadgeg]?%joslégﬁ)gfcgme\\/gﬁtb é%g{%&a%g?féol {r%%eﬁ%%feeﬁ(v\v/ag}e %ﬂ %134 This value is
al so added tExpafim@htabyate oliivad thhttgigGer@poinbredfwape exhcn it valwadfiks t o conpri se

a running, constant|y updated statistical dataset 306. The size of the

dat aset can BEBE SN2y belgwRbabAYS &S Spay mhladdpe skt velye PEX & gnal

vari ati b ISy bt et e i value of Y

and thquvai }aéb é&%e%ﬁéwlgﬁ%gﬁggly%crl]g%%g)gf&zg%,wfdtnﬁg ag{:ea{%%ger'dggevi ation,
mean and r arnbs point thvecxdett asetforimsshaperput edd caarchingodat wore3@8ancddt | onal 1y, the
kurtosis could be copggted s well. However [ SO res s in an

., doi
i nt ensi ve arRiPBVEPE )T [ S8 drrRmedicst HTR/it g the standard
devi ation capydig) Hade. SOEHECHVERRE cbREInAREPHaRErdulg nRRRRAd PhnkRefchis St ogr am of
the collected Y sanples. -16- The shape of the histogramis dependent on
the type of tapidilty lavgniad cffadtd &y loudsi volumsdudese thewnades to' ddjust thegwiove wit h
the lo t value of range/S 310. ri this.conditio can, be passed
i rect 1yt o e HPERPAY R 5y D iR R v e BefT act as a
"subwoof er " mddsic ard bat@tlickd SWhhehemsddas Bptedns Ckist, @hic PEaKErahefopRhgper sed
anong | ow noise or silence result _in a very sharp hi sto%r am and t he hi ghest
1

val ue of rarfptipsis PHBIXANG BRSICapRsibbAtS Mg eéuacd yo by vith hegriggiied a
desirable h j vent. C t. i r St o e V, rm 314,
Experinentaﬁgﬁgggggﬁg&%gﬁﬁgfﬁpgﬁgﬁg%?ﬂg guﬁ%%ﬁgﬁ‘ﬁﬁeg&ﬁ%%%“ﬁﬁ%ﬁ%g ue of the
i ncon ng si (pramincat fpetiabe ffrcta by exte@ tb mdtithmhd htusiclibeilaxad tnd/thkue of x is 10
determ ned experinmentally. Previqusly a value of x=2 was_ found acceptabl e.
At thi s 2Hoi Afiggsied BRESAIMASFE AR SRR %p@aﬂﬂw@a@é%@m%‘éf&hw ®HPe advanced
processi ng q%ng ¢ signal to determ ne best anplitude and frequency of the
out goi ng wave. mes whi ch contain both background nusic and gane effects
typically have the effects at a | ouder volunme or have the nmeans to adj ust
the two 15 vgl.unes i ndependent.ly. T? resul ting histogramis sonmewhere
between t he 67 SIS & Uit VBHHInS Of Bie YA e rdRET RIS ISP MEREPERT st . ¢ he
nost st rai ghhe hNsAlitd 0@ RighAMcliBy Kaptitd preld8sIFHdh GailaPRIBE B YofBlard much
reduced volume with the triggered waveform "This would still have a subtle
"subwoof2ér " asglilgeturahinitetidngy Manygamangydevices and games do not incorporate a

haptic data channel, current solution involves waveform triggering from sound
amplitude threshold which is manually and permanently set, variation in games
and system audio volume produces an inconsistent experience and may not work
at all.
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prom nent special effects. The extent to which the nusic is silenced and
the 20 triggered waves are accentuated can be proportionally adjusted with
the rati owpanger13ss3Thi s system as well as variations ofPCTP26y895405 are
advant ageous as they opens the possi bi_I1i7§y of high fidelity haptics

previ ously unavail abl e due to software 25 architecture limtations. Mny

gam ng devi ces d Tes do nat incorporate a haptic data channel, current
sol ution | nJEy a8 %g@glf%ﬁmetwrla@ww@&m m@%aﬁa@p WHPAT EEF9ERERY B8 hol d whi ch
is manual |y gngd ReiERISRd A iIRSkatcy R WX HAR sdifp G PR SyiBN Mé&ﬁm@g' o vol ume

t
produces an inconsi sten?' experience and may not work at all. Fi gs. 4A
to 41 il | ustvahtcalateaet dfususiavis ofnlbatrpcea plagtformisathplapleatodtnganyi ng val ue

dataset. Fig. 4A illustrat a wavef orm sanpl e. pl.at.. Wit h an acconpanyi ng
et b et P nyaitei desge e ke OB L iy s T BERAE 0t P
acconpanygi Ngampldislotaitia s hccdinpaayihy @ale Mathdt 6K & videb Gand ONEEDUSORAt €S a
waveform5 sanple plot with an acconpanyi ng val ue dataset of a video gane

(NEED FOR SHEHERD)\withsawd sldtadzam tho gma Hes royng susise kgg-cibhd nusic. Fig.
4D il l ustrat. | W th ' | taset of
oot R B BT EBl S P AR ARG Bl st 0

iITustrates ganwaWeR HOTKEY lvathdoahd dath Hroamthagaoiep iy i4Egl I vataus adat aset of a
video gane 10 (FREEBALLIN PINBALL) with sound data fromthe game. Fig. 4F
i || ustrates WYREVEY BPPISRIRpIVED BN decopinenying vabissirashpf dgidegI 83 Cdat aset of a
video g ( PNGENEM - AFF

illust rgpgs (gk\i!/-laﬁ%LLOLr m s?a\lr%%ﬂp‘?g# %ﬁqﬁ&aganﬁ%@%én%ﬁgﬁﬁg Lt/}zpﬁgreﬁgg’t %s et of a
vi deo gane (VABKRMNEH)plawlbhwibuandcaatpaningmatukelagactef aFidpo ghhbei | | ustrates a

wavef orm 15 p Wi th an acconpanyi ng val.ue aset of a video gane
(CUBERUNNER)WM?@%WWQ%%&@%@%@%e'Zélgs‘b(gﬂ SHACH2f rom t he gane.

Fig. 41 i1 usivefirBSsathplyIBf QitHlas aB0InghaRy Rl WiukiaBRetdFaUMRARMNRg val ue

dat aset of a video gane (CUBE FPS) with sound data fromthe gane as well as
background r&BY RO EAswithsowndheta fienad gangd. Kipedhpilbstates h meseformon,

material.s and a tlglr nate rel at ed confilgur atieﬁn§ MRy be enpl oyed as wthin

t he Ieve1 of RO OW{%agﬁ?clopgaﬂy]{l%é’a Sfig‘\% MO Csanme may hold true

W t h 1 espect((UBFRURNNER) a5 0masip @ehsthe izafb@s WM ep khid daf friEe Of
additional acts as commonly or logically enployed. In .
game. Fig. 41 illustrates a waveform sample plot with an accompanying value

dataset of a video game (CUBE FPS) with sound data from the game as well as
background music.

20
As for other details of the present invention, materials and alternate related
configurations may be employed 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
invention in terms of additional acts as commonly or logically employed. In

25  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
cach 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

30  some brevity) may be substituted without departing from the true spirit and scope

of the invention. Any number of the individual parts or subassemblies shown may



25addi tion, though the invention has been described in reference to several
exanpl es, optionally incorporating various features, the invention is not
to be | i mvDeditia3gshat which is described or indicated agCtmre@npsaued with
respect to each variation of the invent '80” Vari ous changes may be nade to
the invention described and eqU|vaIents (whether recited herein or not

i ncl uded for, the sake of evity be sybstituted wt

departi ng £ TR laéherpa%s §%1§836fr0 e e derak emgﬂﬂﬁ%er of
the i ndi vi duglhPpfih&pRS oBYRASSEIREABIyShown may - 18- be integrated in
their design.” Such c%anges or others my be undertaken or gui ded by the
principl es of design for assenbly. Also, IS conterrpl ated that any

optional ure, of the ntive v escri be set forth
SOOI L R L G R ﬁﬂ?ﬂf# R M or o of °t h
f eat ur es sdesdekdritRd n Rl Rt fo@f HH NERed tdepSidBBUK, dF il EPABinatiH Wighegnyt he
pOSSIbI|Ity that there are plural of the sane itens present. Mre

speci f| caI | yonegs meseaf the fedturcndescribed hrsciap Befraense &0 aisingylat Kemsi ngul ar f or ns
"a," f
sgem ficall yﬁ@?&%s tggﬁ(gs %b%ﬁ? fhid %er'!f]gr%éﬁ %giﬁ@%% Eéﬁ ¢ ﬁ&%s%%pﬁnﬁzﬁé’??i cles allow

for "at |ea$1pe@fi&a'llyoﬁs ﬁﬁee hstely aﬁtmltheeﬂppeﬁdetdhﬂaldesmeisﬁighmn fahgve,’as wel | as
the clains bel gw. further noted that the clains ey be drafted to
excl ude any 8Pt ééﬁ% aefi ntnclyde pdyrahreferents ualessy thersppcifically satsdded to serve

t f ‘ | ely,
as an ean g {hhh@@?islﬂ BfhcHRErRf uRUHIhE %‘Eél@§hl‘1’0§w chﬁr"éﬂl'é%t%géﬁ 1§ﬁpaso ey

"only" e In connection wth the recitation o i mel enents,
or use of a s‘hbjegtaltanweithb idesctiptiomabovias nalitas tthecluises ha:iovsuhhls ﬁlXiIhblLlSl ve

term nol ogy, the term'"co in t | ai ms .sh allo t he
el us: on_ SOk FraRe beeed o P uOpuaRO e aRat it g ven
nunber of eligIRAkENE & BRUIES RILE el ahfdBedehfbdfis BF udd sﬁéiﬁéic'h%ﬂze()f a
feature could be regarded as transformng the nature of an el enent set

forth n the tetnanolegy St Sodady, 26@1@1151 alwl the likamh ecsmestpmcwfth d@lrbwa@efmﬁed herein,
all tec rglcal an sglentlflg e, el %ﬁo W}a}r Q}% l:s)elg nas broad a
comonl y unde 8 SHBCTHE L6 UHgOHE I}:%%é‘febl Ao e VHETORE DeAPRET | mvalidity.
-19- exclusive terminology, the term “comprising” in the claims shall allow for the

inclusion of any additional element — irrespective of whether a given number of

clements 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

20  otherwise, unless specifically defined herein, all technical and scientific terms
used herein are to be given as broad a commonly understood meaning as possible

while maintaining claim validity.



WHAT IS CLAIMED IS: 1. A nethod of selectively producing a discernable
effect in an electronic device that produces an audi o output signal, the
met hod cowprzbsiimggs3condi tioni ng the audi o sound signal ®EITEP2@N/05408% 0g
circuit to generate an 5anal og voltage4?9rresponding to the audi o sound

si gnal ; converting the anal og voltage to a digital value and
recordi ng the gi izf| é I v 5 a period of tine to build an array of
recorded digit :ﬁ iAﬂﬁﬂﬁ)? nal yzing at least a plurality of the
recorded digital values to generate at |east one control value; 10sel ecting

a triggering nodes urki diiglcaivelyeFRHuQnE a ARBEMAbIc ¥Bbien aMBREROdiIDE
triggering node is selected froma plurality of nodes including a first and

a second nodigvice that produgesrearaudioneptputistgnglyérd methed geraprivaged on t he
triggering mde, wagls {0G L LI LI H%'Sia Nale dSardletS b 9 bOR L Lggeri ng
mode sel ected fromthe ﬁﬁura?% y of B Rodls g pr3vidgng thé
triggering singhglvolt@sccdricapsdupeab thdhaldio Souddyneld to the el ectroni c device
and is configured tolgenerate the di scernable effect. 2. The net hod

1

according to C aisenisringeeeinaloanaltye ng dgital alie apheccprdingathiceit t he
recorded di gifal,al g?%&(ﬁrtﬁﬁé‘ﬁrﬁﬁﬁ a%tadaﬁ%ﬂe&}ﬂi%d%g@{a; Ql¥@al ue conpri ses
i ca the  p

20perform ng a stati analysis on a east uralrty of recorded
digital values. adalyling arkiabtaoplactior elithgrdcordet digiaPlyaludsed eenerbfaet
statistical analysis cggﬁrises cal culating a nean, a standard devi ati on,

and/ or rangd®f 04t CQEREY{UCpl urality of the recorded digital values. 4.
The nethed accor ds'e[%@tiﬁ%)% 4 : %%mo% GEif glleesag |leec1§1%j 6&%05%81 Yl JYBENge Mode

25conpri ses sel ecting e ering ased on the range divided by the
st andar d dewiiggdrog.mode2@seleGed frhm a@titadity elcnodadiimgudiog @if@mstrand 2 wher ei n

anal yzing at |east the plurality of the recorded digital values to generate
at | east onée‘gﬁfpgf%value conpri ses anal yzing a nost recent digital value

with the plurali tgén@[fa;ﬂégg ﬁﬁ%ﬁng kighhla)asdPd@e -tri%ééring'ﬂfbd@%lﬂé}g tigccording to
Claim 1, wherein providing e triggering signa
triggering signal is unique to the triggering mode selected from the plurality of
15 modes;
providing the triggering signal to a transducer that is coupled to the

electronic device and is configured to generate the discernable effect.

2. The method according to Claim 1, wherein analyzing at least the plurality
of the recorded digital values to generate at least one control value comprises

20  performing a statistical analysis on at least the plurality of recorded digital values.

3. The method according to Claim 2, wherein the statistical analysis
comprises calculating a mean, a standard deviation, and/or range of at least a

plurality of the recorded digital values.

4. The method according to Claim 3, wherein selecting the triggering mode
25  comprises selecting the triggering mode based on the range divided by the

standard deviation .



5conprises converting at |east one digital value to an anal og voltage. 7.
The nmet hod according to aim1l, wherein at | east one of the plurality of
nodes corpwoiI28Bg11888puUr e tri gger node such that t he tri ggecrmp2ailgsaisi s

selected fromat |east one stored wavef 8. The method according to
Claim1, wherein at |east one of the pl urallty of 10 rmdes corrprlses a
m xed trigger no suc hat the t ased on a
first conpon{ent gﬁteé{%?tgﬁé POCGFALLg 1o @g@ﬁ Eg@}‘lo”?%g’zwg\ﬁé aﬁméecond

conponent bagegk RBodkd tifag?tﬁltva%t% thQAetré%E at’l%%ﬂ%ne contfdl vAlle cgf‘ﬁbﬂ% accordi ng
to Caim1, wherein at l'east one of the plurality of nodes conprises a pure

audi o node swmelyzingatmodtecdaeni gaalivatpesvignthk plwalsgglof ctcodtlcdSigiahyalaes. | east one
digital value. 10. The nethod accordi ng to Caim 1 wherein the

transducers 6corrprhiseensiet rans FoCl%u C Ed from. troacti velpol ymer

e
transducer and a pi ezoer ett ! cn%rans ucer . PR 1rlr1§ lﬁ %lgg?m%%?l% cti vel y

varying eut Mtnprl@esacdnﬁfédﬁﬁglaCEﬁstTotﬂaleglt‘él cuploash dnaloglanagd. ect roni c devi ce,
where the el ectronic device produces an audi o out put signal, the method

conpri si ng: conditioning the audio output sound S|gnal t.0o generate an

anal og vol t age cofaBpbedirGrgrdiee torfelaby di wharstrd leapipngiof thoptytity Hg t he
anal og vol tqg@dés%o Aig tp'ﬂre Mg#'éﬁmoaé tMe?t'tl'i‘egté%g Jé[?%ﬁ% aeﬁ 1s\?§e cflgi ty of

recorded digital ues from array recor alues to
gener at e at ﬂc&natleastencstntedawamﬁme selecting a triggering node using the
at | east one control value, where the triggering node is selected froma

plurality of, nod |ncb in first.and - secon e ..
generat i ng Dtri S@E’rrp?t cg ﬁa(fn%t?s(g]&lr%rlu ‘f’ﬁ%retnra&beﬁétrqnﬁd) ﬁ]?)edlgufa\]lWe? t he
triggerimg %h@db@'coin@n%@'aqﬁﬁe@i eridRe ndoldl 9Ea thadh B cHRE Sghads dQmd he
plurality of nodes; and

based on a first component selected from at least one stored waveform and a

second component based on at least one digital value.

9. The method according to Claim 1, wherein at least one of the plurality of
modes comprises a pure audio mode such that the triggering signal is selected

15  using at least one digital value.

10.  The method according to Claim 1, wherein the transducers comprises a
transducer selected from an electroactive polymer transducer and a piezoelectric

transducer.

11. A method of selectively varying output in a transducer that is coupled to
20 an electronic device, where the electronic device produces an audio output signal,
the method comprising:
conditioning the audio output sound signal to generate an analog voltage
corresponding to the audio sound signal;
converting the analog voltage to a digital value;
25 analyzing at least a plurality of recorded digital values from an array of
recorded digital values to generate at least one control value;
selecting a triggering mode using the at least one control value, where the

triggering mode is selected from a plurality of modes including a first and a



S5providing the triggering signal to a transducer that is coupled to the

el ectronic device and is configured to generate the discernable effect.

12. The newbeadiiziassssdi ng to C aim 11, wherein anal yzi ng a&CTIEPasitl/0540es5
plurality of the recorded digital valugs to generate at |east one control
val ue conprises performng a statistical analysis on at least the plurality
of recorded digital ,values. 1013. The nmethod according to Caim 12, wherein
the statistiCendRe{Ysis conprises calculating a mean, a standard

devi ation, and/ Olgch&fifs QEriggeﬁh%_éﬁhalaoa@édJ&ﬂhbw g@i-ing hdeegRsdes di gital

val ues. 14. The met hod according to Claim 13g, wherein selecting the
triggering rtodecroggnabssingpicde thertgggdrmgtmodpgetdcted frood éhelpdsettyof t he range
di vided by the, 15standard deviation. 15. The method according to Claim11,
wherein analPHN % | east the plurality of the recorded digital values to

gener at esat | eastpreviging@Rd fngF_er\h@é Mgnaqmtﬂaﬁ@%c@rtaw@w@@ towsd recent
digital value with the plurality of recorded digital val ues. 16. The

met hod accoradichignicslegicaiand ss1confietied ith spnesaie dicriascerablerdfiggler i ng 20si gnal
conprises converting at |east one digital value to an anal og voltage. 17.
of

The net hod agecor dy I m: ! { rality
nodes conpr ?152 es ?H&g?léetﬁ?%%agarlﬂértood%ﬂg%%r\?ﬁ%f)ﬁlﬁﬁglg’tz@gg&%&?tgg@%@gaﬁg IS
sel ected fr afitiad rebedsd digitel wilwosed guwvavat ar lkast one d¢d@ntrol keluoebdinpdsa@ccor di ng to

Claim11l, wherein at |east one of the plurality of_ 25mdes. conprises a
mi xed tri ggdiFriRBBESA RIS Engles pp ?‘b’ﬁgsr‘iﬂ?f‘gphs“i Het POTee] Getieldabissed on a
first conponent selected fromat |east one stored waveform and a second

conmponen baged ofheaheth&@8dcoRrNEy B Gl 2 Wahdt€in the dddsticdidmalliR Met hod
according to Claim1ll, wherein at |east one of the plurality of nodes

conpri ses a qompeisetucdilailatmge mearha staadard devietog gad/ontpange ghatllcdstasel ect ed

using at | east e digital | ue 20. The nmethod according to Caimll
, Wherein a rpigrtaﬁﬁeoctg#ﬁétgrea?r F%{g}glt@{’ﬂ%%e%wi th the plurality of recorded
digital values where at |east one of the plurality of

14. The method according to Claim 13, wherein selecting the triggering mode

comprises selecting the triggering mode based on the range divided by the

15 standard deviation.

15.  The method according to Claim 11, wherein analyzing at least the plurality
of the recorded digital values to generate at least one control value comprises

analyzing a most recent digital value with the plurality of recorded digital values.

16.  The method according to Claim 11, wherein providing the triggering

20  signal comprises converting at least one digital value to an analog voltage.

17.  The method according to Claim 11, wherein at least one of the plurality of
modes comprises a pure trigger mode such that the triggering signal is selected

from at least one stored waveform.

18.  The method according to Claim 11, wherein at least one of the plurality of
25  modes comprises a mixed trigger mode such that the triggering signal is selected
based on a first component selected from at least one stored waveform and a

second component based on at least one digital value.



nodes conprises a mxed trigger node such that the triggering signa
conprises a first conponent selected fromat |east one stored waveform and
a second worgpaneasss3based on at | east one digital val ue. pC2EP20ihes4ms hod
according to Claim1ll1l, wherein the tran ?ducers conprises a 10transducer

sel ected fron1an el ectroactive pol ymer “transducer and a piezoel ectric

devi o that 1 odutEmEHOLHOPE B Te ] braber PG ARG CBPRLD.

condi tioni ngn{NE Bk ?h@essa P asi0Rde UgiHEa@le ﬁf@eﬂﬂ% &'gﬁﬂ% Eeléc@ecﬂener ate a
15digital value corresponding the audi o sound signarl; selecting a

triggeri ng nmoue dvyeastoorpahgited velne. di gital value to at | east one recorded
data val ue selected froman array of recorded data, where the triggering

node is selegted from | ura i,ggering the
transducer % ng l}?én?tﬁ?‘g%“P rJﬁ@ @%ﬁlﬁ??ﬁgr%ﬁ RSt F%“gtg%%“ﬁ‘i, ﬂggl gnal is
uni que tg atwitleastphankydf rédoeddal digiadl ValyieOWhere@deRast one of the plurality of

modes comprises a mixed trigger mode such that the triggering signal comprises a

first component selected from at least one stored waveform and a second

component based on at least one digital value.

21.  The method according to Claim 11, wherein the transducers comprises a
10 transducer selected from an electroactive polymer transducer and a piezoelectric

transducer.

22. A method of triggering a transducer in an electronic device that produces
an audio output signal, the method comprising:

conditioning the audio sound signal using an analog circuit to generate a

15  digital value corresponding the audio sound signal;

selecting a triggering mode by comparing the digital value to at least one
recorded data value selected from an array of recorded data, where the triggering
mode is selected from a plurality of modes; and

triggering the transducer using the triggering signal, where the triggering

20  signal is unique to at least one of the plurality of modes.



