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oL (57) Abstract: A self-powered switching device using a presttessed flextensional electroactive member generates a signal for ac-
tivation of a latching relay. The electroactive member has a piezoelectric element with a convex and a concave face that may be
compressed to generate an electrical pulse. The flextensional electroactive member and associated signal generation circuitry can be
hardwired directly to the latching relay or may be coupled to a transmitter for sending an RF signal to a receiver which actuates the

latching relay.




5 [00011 The present invention relates generally to switching devices for
energizing lights, 6 appliances and the |like. Mre particularly, the
present invention relates to a self-powered 7 switch inigiadgiydeos ce to
generate an activation signal for a latching relay. The power is 8
generated through a piezoelectric elenent and is sent through signal
generation circuitry 9 coupled to a transmtter for sending RF signal

(whi ch nay Wweoimesssggie and/ or coded) to one 10 or norercEUSRYESS t hat
actuate the latching relay. The receivers are also trainable to 11 respond
to multiple transmtters. 12 1 3 January 2006 WO 03/ 005388 PUTI USC2121152
1 2. Description of the Prior Art 2 3 [0002] Switches and | atching rel ays
for energizing lights, appliances and the like are well 4 known in the
prior art. Typical light switches conprise, for exanple, single-pole
switches 5 and three-way switches. A single-pole switch has two term nals
that are hot leads for an 6 incomng |ine (power source) and an out goi ng
line to the light. Three-way switches can 7 control one light fromtwo _
different places.. Each three-way switch has three termnals: the 8 conmon |
termnal and two traveler termnals. A typical pair of three-way switches |
uses 9 two boxes each having two cables with the first box having an

incoming line froma power 1-0 source and an outbound line to the second

box, and the second box having the incomng 11 line fromthe first box and

an outbound line to the light. 12 13 [0003] In each of these sw tching

schenes it fisLef t en necessiapywdd SWilch Inithi@h&gstand nount 14 switches and

junction boxes for the outlets as well as running cable. Drilling holes and
15 mounting switches and junction boxes can be difficult and tine
consum ng. . ranning 16 elecirical cable requires starting at a

fixture,_ pull] es in the framng to 17 each fixture in
the circhi tgkéﬁ%ﬁwﬁﬁhﬁ ghg%“qﬁhe way back to the service panel. Though
18 sinplez in theory, getting cable to cooperate can be difficult and tine

consuni ng. £abl ki nks, tangles or binds while pulling, and needs
to be st?ai ght é‘ﬁ%fJﬂ%wgé';st%ﬂEMere 20 along the run. 21 22 [0004] Renvotely

actuated4swi tches/rel ays are also known in the art. Known renote 23
actuati op CRObfaTh feSent RednusHrela@Blgeicpiy eMttigldetites fw ehelgeing lighesyot es,
timers, Eim t gp%lii]ances and the like. More particularly, the present invention relates to a self-powered -
7  switch initiator device to generate an activation signal for a latching relay. The power is
8  generated through a piezoelectric element and is sent through signal generation circuiiry
"9 coupled to a transmitter for sending RF signal {which may be unique andfor coded) to one
10  or more receivers that actuate the latching relay. The receivers are also trainable to
11 respond to multiple fransmitters.

12



24 detectors, voice activated controllers, and conputers and rel ated
software. For exanple, 25 renote actuation neans may include nodul es that
are plugged into a wall outlet and into 26 which a power3Qgkrehry 20062 device
may be plugged. The device can then be turned on and 27 off by a
controller. Qther renote actuation neans include screwin | anp nodul es
wherein 28 the nodule is screwed into a light socket, and then a bulb
screwed i ntwobhmssddul e. The 29 light can be turned eowesmdraidf and can be
di mmed or brightened by a controller. 30 31 [0005] An exanple of a typical
renote controller for the above described nodules is a 32 radio frequency
(RF) base transceiver. Wth these controllers, a base is plugged into an

33 outlef aﬂ(begé\?,tﬁ,g@n@pﬁgmnps of nodules in conjunction with a hand held
wireless RF 2 3 January 2006 WO 03/005388 PCT[t 7S02/ 21152 1 renote. RF
repeater$4 may be used to boost the range of conpatible wireless renotes, 2
SW t ches3 anposa Guitttey asylsiching slayesfor ehelgizing fights afignchs anddls like epoller. The
base is required ol of
several fa ‘m%'1m§ %fé%c ém%kgﬁ%ﬁaﬁsgﬁni%QQ&%§ @@gf@g%?§%8ﬁ?ﬁ&{he hand

hel d wir Bl egw thremseswﬂshess ArsiygieepleRytdhds Medermingisfipt arehakiepdREr 8" RFE r enpt e,

gig?t ?hy\%lkl midﬁgﬁ%lﬂ??r;(ogﬁb’sogﬁ;e}ﬁﬁ% o&gc;mgaﬁ@to\/tﬁé Ilghﬁ‘!‘hl‘b@-hﬁyﬁswmﬂiﬁs@:ba ar eI ﬁp to
conj unct 7 onoRRrelpng light gom Wﬁfﬁe(eﬁﬁlﬁgcﬁﬁtjﬁaahtﬁ@e £ i‘ﬁ'{?nP QEF Z‘érl'@%g ;{'ﬁee renot e
vvaI | I 9 sw bdhhnhdmyrirﬁmrmrdémlvo taspatintiias. Anplchiesir oithrseivacévdishesueesei vers) . The

wirel ess_s es n t ase unit
t hen t ra%sm‘”{ glo’ées ea&h %mgih'% ﬁ%\ﬁrﬂ[ﬁﬁmt i {».J}',ﬁ] gﬂ%\fr‘v\? Er}eﬁr%ﬁllaﬁ]&? ﬁ'g hone to
conpat i bbe swiceahésn eutbaundl meé@the Eeaend kaxj Qf@ﬁheb?@ﬁmb"@ox ‘Pé""ﬁ@ie iRFORH9an

addr essabl eysitgRahe irlibbehiEs EWbiraNRStoahesRn equi re batteries. 13 14 [00071

These renotes control devices may al so control, for exanple, audiolvideo

devi ces}215 such as the TV, VCR and stereo systen1 as well as lights and

ot her devi CRB0313h ghanthile swihidgachanfes dissdtel hdepssepedrillfiolss RIE meumbt e can

control _aud] q) vi de Vi Iel} ﬁlﬁF REYRNds to a
R TR LB s (BRI ol SRR B Bl 6

converté e conmmm nds are then sent
to the abdi mowitidgewvishes epldmﬁonbmas@W‘@*@%@Fﬁj@"?%ﬂ'?%ﬂ%ﬁ@ﬁ““@w signal s

fromt hgs' ”Eigé}ﬁc%ﬂcarb%@c}uﬁés QEHhot RS Pixtlick AMMAG LabletbiighdiorRe In tieoiaramds t o
conpati bl e receivers

each fixture in the circuit, and continuing all the way back to the service panel. Though
18  simple in theory, getting cable o cooperate can be difficult and time consuming. Cable

19  often kinks, tangles or binds while pulling, and needs to be straightened out somewhere

20 along the run.

21

22  [0004] Remotely actuated switches/relays are also known in the art. Known remote

23 actuation controllers include tabletop controllers, wireless remotes, timers, motion

24  detectors, voice activated controllers, and computers and related software. For example,
25  remote actuatioh means may include madules that are plugged into a wall outlet and Into
26  which a power cord for a device may be plugged. The device can then be tumed on and
27  off by a controfler. Other remote actuation means include screw-in lamp modules wherein
28  the module is screwed into a light socket, and then a bulb screwed into the module. The
29  light can be turned on and off and can be dimmed or brightened by a controller.

30

31 {[0005] An example of a typical remote controller for the above described modules is a
32 radio frequency (RF) base transceiver. With these controliers, a base is plugged into an

33 ouflet and can control groups of modules in conjunction with a hand held wireless RF



22 [ 00081 A problemw th conventional wall switches is that extensive

W ring nust be run 23 both fromthe switch boxes to the lights and fromthe
switch boxes to the power source in 24 the service panel §Jarfary 2606 0009]
Anot her problemw th conventional wall switches is that additi onal Wi ring
must be 27 run for lights controlled by nore than one switch. 28 29

[ 0010] Another problemw th conventional wall switches is that the high

vol t age | i nesoxoessss 30 present as an input to and an owtpusetmsam t he switch.
31 32 [0011] Another problemw th conventional wall switches is the cost
associated with initial 33 installation of wire to, fromand between
switches. 3 3 January 2006 WO 03/ 005388 PCTY[.TS02/21152 1 2 [0012] Another
probl em wi tﬂém@@rﬂﬁﬁbéﬂé@ha‘ﬁ/ﬁé bise8 ¥ oot rsgetdn eoramasiiie windes reroleeeni ence 3

iated with l. t h 4 5
oos0ct oL 50, bl SRRl e 504 i R CIR Sy R M 1%,
ext ernal 3 pofneaﬂi wirsleSORIF canatesehd alewhiqytiohebéavergeamits gy epRliancgs. Bé@ﬁ"@%rl es. 7 8
[0014] Apother,. e%E? ST %%%ndqféﬂw\ﬁr@[%és‘}%telq': switches is the cost and

f
I nconveni ence 'g associ ate h repl acenent of batteries. 10 11 [0015]
Anot her problemwith conventional RF switches is that they require high

pOWE:’ t 0g 1%:6]‘ @athla?tﬁﬂ ud‘iﬂg@HACaﬁ@he% N:dﬁ&@fé téﬁiote&waiik@rtch&élméﬂfé}ﬁéd Aln 1(:)t h \(/avlz .
robl em conventiona en
Pe nodel i wg 5% Wefﬁ”‘f'tﬁ'beso‘?’h'?heﬁr%@w? 5’% tthv%? ?&,&Q ?%s c'%e%'r% Scaﬁ&p V{%%‘f? yAn ot her

probl em &V t duhesivey Brdphjomaibn iR sheast @rme{sug@d fritra 1W@Vpedeptadenifs Poptaga 18
transmtgerggng mhay G EomPAiple nRRES #sluichRE rRUNVERATREWHRAS EWIRRes 19
10 send an RF signal to the base unit and the base unit then transmits a signal along the
11  existing 110V wiring in the home to compatible switches or modules. Each switch can be
12  set with an addressable signal. Wireless switches also require batteries. |
13
14  [0007] These remotes control devices may also control, for example, audiofvideo devices
15  such as the TV, VCR, and stereo system, as well as lights and other devices using an RF
16 toinfrared (IR) base. The RF remote can control audio/video devices by sending
17  proprietary RF commands to a converter that franslates the commands to IR, IR
18  commands are then sent to the audio/video equipment. The console responds to infrared
19 signals from the infrared remotes and then transmits equivalent commands fo compatible
20  recsivers.

21
22 [0008] A problem with conventional wall switches is that extensive wiring must be run

23 both from the switch boxes fo the lights and from the switch boxes to the power source in
24  the service panels. '

25
26  [0009] Another problem with conventional wall switches Is that additional wiring must be

27  run for lights controlled by more than one switch.

28

29 [0010] Another problem with conventional wall switches is that the high voltage lines are
30 present as an input to and an output from the switch.

31

32  [0011] Another problem with conventional wall switches is the cost associated with initial

33  installation of wire to, from and beiween swiiches.



20 [0018] Another problemw th conventional RF switches is that
transmtters may 21 inadvertently activate incorrect receivers. 22 23
[0019] Another problemw th conventional RF switches is t83indpEehosers nmay
accept an 24 activation signal fromonly one transmtter. 25 6 [ 0020]
Anot her problemw th conventional RF switches is that transmtters may
activate 27 only one receiver. 28 29 [0021] Accordingly, it would be
desi rabl e twopsswisgde a network of switch initiators apéfgderi38 | at chi ng
rel ay devices that overcones the aforenentioned problens of the prior art.
4 3 January 2006 SUMVARY OF THE I NVENTION I n accordance with a first aspect
of the invention, there is provided a self-powered switching system
conpri si pg: a flextensional transducer, said flextensional transducer

conpri si ng; irst electroactive aV| ing first and second
el ect r odéd Wﬁj'%rA“P*QEré’é"b[%Y‘"ﬁ‘ @P@E@”mﬁa‘g‘ Qgﬁigcog‘éqnﬁac substantial ly

convex ampd aﬁbdats@@mdeM@raltgatmapmewirla@wdmg switchesubst anti al | y concave; a
prestress |ayer bonded to said second najor face of said first
el ectroactive. nenber; said prestress |layer applying a conpressive force to

sai d el ebt rfﬂad:SllA/m'Oblmwib‘e@mV@mfﬂl%ﬁ%tmeéﬁth@té'}ﬁérfeqhi&@/?ﬂﬁj‘temafBﬁ""eénd second
ends adj gceglyr@alich SHYhRagk AEPoRdr oPBat@rds. r St el ectroactive nmenber;

wherein sal d flextensional transducer is adapted to deformfrom a first
position’to a second position upon application of a force to said

f 1 ext ensg onpo4]Aaowelyseism aiictonwshitoneliRF swides Sdhelcadtdndinvarvieenceo sai d second
position, said fI ucer is adapted to generate a-first

vol t age %ot 8????’ ?(?@hi \A@%‘%ﬂggﬁ%saﬁgﬁst el ectroded maj or face and said second
el ectroded maj or, face; a nounting nenber for retaining said first end of

sai d prest r pats) AYRES protkinwitTERHRdRE! HFESHREHes RORRHeS ragirshigh ;awer 18dj acent
said first end of said prestress |layer and said convex face of said

fl ext ené?onﬁﬁ""ﬁ“ﬂ%ﬁ@wd baseiWSrount i ng nember conpri sing cl anpi ng neans
adj acentzsaid first end of said prestress |layer and said concave face of

2l 4 11 xRk el AR UREL N RIGSTA SRR BhbRR RARRPIngPD! | Cat i on

of a fo restress l[ayer, sald pressure

appl i catb onrelmelﬁ@gble'ﬁwgnma?h@wgtadvaé{ﬁwit@] a force sufficient to deformsaid
fl extenggonal transducer fromsaid first position to sai d second position,
thereby geperating said first VOltaﬁﬁ: gt ent tg rst. conduct or

el ectri Al | POLGnebeRictign Wit pnysnfienal Riggviiches iy atarp&]rfi?mqnge%a of said first

el ectroagt i wgnshitaband, reéeu.@emmderremnﬂbmmmhasﬂddagathecal ly connected to said
second ?bectroded maj or face of said first electroactive nmenber; first

si gnal .
20  [0018] Another problem with convention_al RF switches is that transmiiters may

21  inadveriently activate incormrect receivers.

22

23 [0019] Another problem with conventional RF switches is that receivers may accept an
24 activation signal from only one transmitter.

25 ' ,

26  [0020] Another problem with conventional RF switches is that fransmitiers may activate
27  only one receiver.

28
29  [0021] Accordingly, it would be desirable to provide a network of switch initiators and/or

30 latching relay devices that overcomes the aforementioned problems of the prior art.




transm ssion neans electrically connected to said first and second
conductors; said first signal transm ssion neans conprising a first radio
frequency generator subcircuit connected to an antenna; gijgRgrybegeption
means for receiving a first signal transmtted by said first S|gnal

transm ssion neans; said signal reception neans being adapted to generate a
second signal in response to said first signal transmtted by said signal
transm ssion neans; and a switch having a first position and a second
position; said switch having a first position and a second position; said
swi tch being in comunication with said signal reception nmeans; said swtch
bei ng adapt eguﬁgAth@qg@m@éJ“qgﬁ said first position and said second
position in response to sal econd signal. In accordance with a second
aspect of the invention, there is provided a self-powered switching system
conpri si ng: mmcejrmterwm@tfirstesptectanmdumeﬁiorlna\eirmgpriai:m@lta segoseabsdcends, said
el ectroact | VSystePnrchﬁﬁr‘i’s gee{ ﬂe‘i@ﬁ?&daﬁ dafﬂguucé?r ddd fé%ter?s'ioﬁg:fufaﬁﬁg&érX&nd?@.gE%rﬁs'i‘aV' ng
opposing first second electro maj or taces an Irst secon

ends; a fl exfipAteadivaysernter Bavig Raeasing §rssandgewnd Bipdrofes Beiorfaess: i firdai d fir st
el ectroact i veppomigesjor faRibeing subktalilaty cortastah@bad f280HHdRGpdsing Stajoade Begond ends
adj acent sal ijétént% ey]c%ﬂéé%% #2081 e.%fonﬁp{bq é%@&a%ﬁa %fgfa of @ldfirsh! rSt
el ectroactive &In sai oac Ive tr ucer i's dapted to
deform from ﬁe‘ﬂrp?%'l’e rp@%tret iSBiA Pieairess SueraRplvVipha ¢amrEssivRieiee didi %Q&F?%Weof a
force to sai ﬂem@r%fd%fb@ﬁésh\é@ertréﬁﬁ@ﬂw‘aﬂﬂ secomtendbI gdj Rk s8idicbhceesdelopadid firste

transducer IS z% tedto [ turn I(ﬁ§ 1;|r t omtvaqfromsal econd
elecl ive mem r; Wl er insaid fle ?n518nai rans ucef) is ?arpe deform from_afirs )
pOSI tion upon re ease Sal force m sal oacll ve transducer;

and wher ei n rastien t93|8d00@éf3@ﬁﬂnavmﬂrﬁpdmllos af aforce tagaigl flgxiensioapl trepdddeeriandt and
secolnfl t posi \R{!'le??{iﬁupoﬁ aalglda&ﬁﬁﬁdnce@%.a y&oﬁJ@Qﬁ&“%er&t@n@cﬁ?ﬂFaﬁéﬁ&E@ |%B|ﬁ$cﬁlbe anOI
oscillating vo ot e et ween. s el ectroded maj or face an
sai d second %qngﬁfgag-ﬁsgﬁonﬁ%ﬁ ‘???e"f'%{g%twe%{' sfﬂﬁjtfastt elﬁamd"rf{srﬁ% Sl i Faéq ¥CMhg said
first end ofelgdbdkdahaie facgagtduningtmeanisdiacretajning a#idifirstoua f sagl nestrbssrayer; said
conpri sing am&ln@rﬁgfrg gl eagdﬁﬂzrnalz@é ?aée' Jd&EerﬁE'ﬂd @t eA@bidall |pPe§!ré%L; Gyspgtsi@t e and

said first J sal irst el ectroactive sai d. nountin
menber conpr FBYHEFEL B flergsinpd iensyrscBidimyaing ng&mmewg&faﬁwawr exi bl e
substrat e andijsppesd firet epdbihbaRigpeasnessi@peoandfsaid eorsfveFaiedf sdid flestengdnatt r oact i ve

menber ;. pr esﬁﬁ%&cﬂvp&h%sﬁr%tabﬂﬂatﬁﬁ%énsf ar apﬁl&%&n%ﬁ% fol&g t@éa:&eﬁc%%ﬁd Bf‘%aéa' d

second end of sal ectroactive transd ucer, sa pressure [ication
nmeans bei ng RAERIB TSRy el 624 PSPy reaPP iRl megns P?"Wéﬁete%aaésr 6F°fﬁe§a ‘Eje"“°
el ectroact i vaefdrnans dexeasiodal GansGuietfrdn $agd fird O&ditoh @aldGesnl gostiea amateiyosi t i on,

thereby gene eﬂéljang s&id Hs{ tag‘é%g%eﬁ%‘? aR‘Pstt gcmg!é%tl ggt déa' nggo%ngc?mg gélcfir irst

electricall conn cte ace of said fa
el ectroacti v‘%ﬁcﬁéffﬁgé'ralor&C%@féé'ﬁ(ﬂfsé‘%i?ﬂﬂ'ﬂéqﬂtﬂm%’F’@étarﬁe%JF F?“duﬁtefrﬁ'?éﬁ't:@'d to sai d

second et ectdofsiRed tjaRiselong @ie@tfod&dilndjoif fadesdf s@d Metelcomiciiveen e et sighal
rectifier electricall ¥sglonne dfir second .conductors

in par al | el ranfrﬂlssmnm (‘ttl'lcgr}l onnec egm‘;saldl fI%S?I nds CO %tcor?‘d?mtofs Saldr}ltljst

Sal 8} OF “Faces of °sai d
el ect r oact i vieangmiggienduraps comprisiog 2 @rgteramwumcmgeﬂeemrﬁgpcawt cpmgeied viade and an

out put si de;an&Rhdl sighd? kceptibflests f&raéddiviig b HiRBSgraREMEAE byBidfest aRet ri cal |y
connect ed
fransmission means; said signal reception means being adapted to generate a second signal in
response to said first signal transmitted by said signal transmission means; and a switch having a
first position and a second position; said switch having a first position and a second position; said
switch being in communication with said signal reception means; said switch being adapted to

change between said first position and said second position in response to said second signal.

In accordance with a second aspect of the invention, there is provided a self-powered switching
system comprising: an electroactive transducer having first and second ends, said electroactive

~ transducer comprising; a first electroactive member having opposing first and second electroded
major faces and first and second ends; a flexible substrate bonded to said second major face of -

said first electroactive member; said flexible substrate having first and second ends adjacent said

4a




to an output side of said rectifier; first signal transm ssion nmeans
electrically connected to said output side of said voltage regulator; said
first signal transm ssion nmeans conprising a first radi o 3fjEReHHDG06
generator subcircuit connected to an antenna; signal reception neans for
receiving a first signal transmtted by said first signal transm ssion
nmeans; said signal reception neans being adapted to generate a second
signal in response to said first signal transmtted by said first signa
transm ssion neans; and a switch having a first position and a second

posi tion; safiret sukdcohd &k BDsaidififst Sledmbdilcraémimn whistelh saidietbcBdagivaliransgeepisi on

roans 2l d SRl H ARNGoAU Siub0o 12048 pORINGED erBRbtlnlt { BlosROBId  on and

sai d second con accordance with
athird as peé'?ctf@?ct't’?ﬂéar\sﬁ%fnFfiddW‘he'reE”rféId@'eic@aﬁtl“’é\VPEFéldcea‘S%?WQ‘HBW@F%H s8itli t chi ng
system CoNpPfiktosighn fRM sﬁid%@&d’n@ﬁ&‘ditloﬂ Bpdnlr@&use ulsld frayirdngsdid ¢ledtrosume second -

ends, said el E!ucera(a:rH wt}erel { ép%ﬂ%%é’&&érm q%fu'i sshdqr%%lm euelé§ ga:?#rgtcatné Q&Sry Ve

menber haV|ng o secon aces an
and second e mﬁlonsas‘df q @@ﬁtfbﬁ@vesmsqqc%wseaqg@fﬁ@@dlet'%atg an ascélétb:'e it eltaﬁﬁ[-’%?”“?'ac e of

said first ebfgédncag wsv&ed‘tfsaamajor&@e Gnd daRsbbng e ttabd .aajef fa@va mgurfing st and
second ends adj rst

of [St

el ectroacti v&® Jﬂgﬂgéfeta'msrag S84 Sa'? %Ieéirro %‘g}’; {‘5{;,8,5, c?ra?lsddﬂ?:uen}m membae{japt ed to
def or m f r om eonfprisieg a piefs iadipesnt sai figst srsionh srid firxibletsibrtratgpoth saidhiibtinsior faonofepida
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ransducer is a urn to sa secon
posi tion upoff%S gfﬁégé'b%fsugsérﬁtﬁ af‘?)?"(?@“ﬁ%'ﬂ?%“ﬁi’cgmé'gr fﬁ‘fero(gﬁ?ﬁ ﬂ(?gép%g ‘ff‘anuar y
2006 t r ansdumemberamebsyra epriicationmemnsdaiapplideibo piivedtico tv shidsasopd prtl dfiszigt posi ti on
to second pogLdbfive %b&hcefeémrés%a@taw@atkﬁ ﬁ.@&%‘b‘é% aaa%tead@wp% ibGe generate a

first voltage potential befween said first electrode 41' face and said
second el ect FHERt ESTIM FeidEiectroaqyeiRRIIRT A IR 83 E’é‘ipﬁs'?“@tt%? dFCOMPoE g fir st
position to seepngknpetigid o yolage shtantigcd fraaatduster decainglgl uaeectestoaddfisted t o

generate 2 SEGAN Ak ALS BOLERLLAaRG! HERRSAllllichthfl atiaged M) or

face and sai d second el ect ace, nount i ng
retaini ng safengqedde S%%fcc”sdaqt%"%‘@é (B'H‘t?‘ BRriofid §réf Peorpcliye “&?f’bber §‘é‘é%?ﬁ'] ends of
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retaining negngndaQJgﬁgm%PEnafoﬁl'ages of %ﬁ{ elgc!.?rgacu?eat\'a(#m%%g Og'goltggeidr QJIat&‘%'agnJ anl st and

second ends of sai € su fate or sal troactive nenber;
pressure apphpuaide g aneaingt Sidsi saigiprut eida of 67 yPtagerepditerdeing eleeially gopasctednd,
sai d second gRMo@putRRE VRN rsﬁr.a firét &ighal &zﬂ@m%@iﬁﬁ)mdar%%‘étn&fllySﬁinébted to said

el ectroactive trans ess ication n ed to
apply a for cgiteu éﬂ?"f?q gﬁ?na?e rege 5&* ?ﬁ'dé%?%é'g Eﬁ TErGACT | venstcr gﬁr%§3%é'%g%fgém sai d
first positifayuensy genethtes sewitelitgorsicetpdla an anth@aemnagremmmms &r fecedrg a/0l t age
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el ectrode ace el ectroac second .
omductor ol BA0E? bR A SR P hespih Bl Se L e phieR o T pa of
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said first position and said second position in response to said second signal.

In accordance with a third aspect of the invention, there is provided a self-powered switching
systemn, comprising: an electroactive transducer having first and second ends, said electroactive
transducer comprising; a first electroactive member having opposing first and second electroded
major faces and first and second ends; a flexible substrate bonded to said second major face of
said first electroactive member; said flexible substrate having first and second ends adjacent said
first and second ends of said first electroactive member; wherein said electroactive transducer is
adapted to deform from a first position to a second position upon application of a force to said
electroactive transducer; and wherein said electroactive transducer is adapted to return to said

first position from said second position upon release of said force from said electroactive
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second el ectroded maj or faces of sald el ectroactive transducer; a voltage
regul ator having an input side and an output side; said input side of said
vol tage regul ator being electrically connected to an outpgubngdrfi@ogd said
rectifier; first signal transm ssion nmeans electrically connected to said
out put side of said voltage regulator; said first signal transm ssion neans
conprising a first radio frequency generator subcircuit connected to an
antenna; electrical energy storage neans having a first and a second
termnal; said first termnal of said electrical energy storage neans being
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to said first position rom sai cond posrtion upon release of said
force from saiRt %‘ﬂ%%ftsﬁ'éa@laﬂﬁl@gu'ﬁt?rawwéﬂnﬂﬁé!"sm"ﬁépéf"ﬁaf!?rfﬁ'ﬂ‘ip@&‘igGf'EFéfaéPmat| on’
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said second end or said first and second ends of said
voltage regulator; signal reception means for receiving a first signal transmitted by said first signal

transmission means; said signal reception means being adapted to generate a second signal in
response to said first signal transmitted by said first signal transmission means; and a switch
having a first position and a second position; said switch béing in communication with said signal
reception means; said switch being adapted to change between said first position and said

second position in response to said second signal.

In accordance with a fourth aspect of the invention, there is provided a self-powered switching
system, comprising: an electroactive {ransducer having first and second ends, said electroactive
transducer comprising: a first electroactive member having opposing first and second electroded

major faces and first and second ends; a flexible substrate bonded to said second major face of
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flexible substrate of said first electroactive nmenber; pressure application
means for application of a force to said first end, said second end or
between said first and second ends of said electroactivezhrapsdoess . said
pressure application neans being adapted to apply a force sufficient to
deform said el ectroactive transducer fromsaid first position to said
second position, thereby generating a first voltage potential; a first
conductor electrically connected to said first electroded major face of
said first electroactive nenber; a second conductor electrically connected
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t 0 change bethsveRigeséerbithgfalfikss voltpgsictantd; =i caaiudor&eacﬁémly posedtedan Said first

response to é%flrg?eﬁ%aﬁ)omgacg &gﬁlf rst 4gctr§adl|@@rlr{gjﬁl¥er gaogg ond Qor?dﬁgtﬁrr e%%ﬂ%ﬁlgw th a

fifth aspect nventi on, ing syst
conpr i si ng: @nquéq@&@mr@alecwﬁ@maﬁ fé‘Fﬁ qfé%érsifeéﬁctr@éﬁ*v@mﬂbﬁgaéﬁ?ﬂf 4
oscil | ati ng y@rlcagoetsbetwddnlssili fidtbhdse6un8 dorRl@st I’nlpﬁﬁ|IeIW&ﬁ§H:d1fa$t%nd a

rectifier el ee%ctj rd e?ec!rod%dcogn gets%ﬂsalde elm’oactweqran%tjucérag VO Q d gw??or hg\n %Ct rical
termnals, avotage reg u!a or avl n aln | npu e out Slde
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electrically ed to sai said volta sai d
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gener at or subgiercyigenecton adbok e cctrmetttq:can shetteree; eleirgal@hergyesierpd oeanrbaving f or
recei ving a f#kiShd a second terminal; said first terminal of said electrical energy storage means being

electrically connected to the output side of said rectifier; said second terminal of said electrical

energy storage means being electrically connected to ground; whereby said electrical energy

storage means may store an electrical output of said reciifier; and wherein said electrical energy

storage means is adapted to supplement said electrical-output of said voltage regulator fo said

first signal transmission means with said stored output electrical signal of said voltage regulator;

signal reception means for recelving a first signal transmitted by said first signal transmission

means; said signal reception means being adapted to generate a second signal in response to

said first signal transmitted by said first signal transmission means; and a switch having a first

position and a second posiﬁon; said switdh being in communication with said signal reception

means; said switch being adapted to change between said first position and said second position™

in response to said second signal.
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el ectromagnetic signal transmtted by said first signal transm ssion neans;
said signal reception neans being adapted to generate a second signal in
response to said first electromagnetic signal transmtted jahusgiodod irst
signal transm ssion nmeans; and a switch having a first position and a
second position; said switch being in communication wth said signal
reception neans; said switch being adapted to change between said first
position and said second position in response to said second signal. In
accordance with a sixth aspect of the invention, there is provided a

sel f - power ed In ®esrtianhé with Sfifthtaepact o« Grpiviesiongherain pelieat 4 ovteldingsysteal gener at or
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transm ssi on feans conpri g I'rs _ romagneti c signal generator
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adapt ed t o bendm ssgenpasiibnt spidrwitely keing ingrmmuication with said sianal reerstian meanel wher ei n

each of sai dsgidévidRb&RARBHIELIRAMGE JetW¥erBfifirsPpositisRird shias8danB pOGIAMMRDI €
encoder circuits is differ rom each of said unique codes generated by

; nt
the others ofesgc’éﬁltofsl""fj§?°°B$8€ﬂ‘altmmbl e encoder circuits; signal reception
means for receiving a first electronmagnetic signal transmtted by said

First signal jndcERnba it AUXiRBBS of RhibniérdMale if &&ﬁ‘q%ia%@lf-{m@% bei ng adapt ed
to generate a second signal In response tg said first el ectromagnetic

si gnal transAYCPBHSBEMsAMRIIFRG: 87 SleFigRaFanica! SNSRI & gANeFAYBRR YOIBR% "a swi t ch
havi ng a fi r adrogsdisst érideaccat diectricbiemmichly o Stltagorgulaeihdvingan ibmisitbei ng i n

comuni cati Ofhg itttk iiRliad ASERYLRG RRMS beRGbludthy Ch being  adapt ed

to change between said first position and second position in response
to 4e 3 Janugneokidesaidire aadeqsary Leyisalitermngigipst siapal gangmiseiopBENSi s a '
sel f - power edelsatiichibiton@clet ko dakitcdtpuittidel ofEhdWolighelr&lulyor;daM ificesigias i Ng an

R L T i
connected fo a transmitter; and a first tone generator subcircuit having an input side
and an ouiput side; said input side of said tone generator subcircurt being connected to
said output side of said voltage regulator; said output side of said tone generator
subcircuit being connected to said first electromagnetic signal generator subcircuit;
wherein said first tone generator and said first electromagnetic signal generator
subcircuits comprise a at least one programmable encoder circuit; and wherein each of
said first programmable encoder circuits is adapted to be programmed to generate one
or more unigue codes; and wherein each of said unique codes generated by each of
said first programmable encoder circults is different from each of said unigue codes
generated by the others of said first programmable encoder circuits; signal reception
means for receiving a first eleciromagnetic signal transmitted by said first signal
fransmission means; said signal reception means being adapted to generate a second
signal In response fo said first electromagnetic signal transmitted by said first signal
transmission means; and é switch having a first position and a second position; said
switch being in communication with said signal reception means; said switch being

adapted to change between said first position and said second position in response fo

de



di spl acenent, and when defornmed by a nechani cal inpul se generates an
electric field. 1In an electromagnetic device, the relative notion between
a magnet and a series of coils develops the electrical sigaalary 2066

el ectroactive actuator is used as an el ectronechani cal generator for
generating a nonentary signal that initiates a latching or relay
mechani sm The | atching or relay nechani smthereby turns el ectrical devices
such as lights and appliances on and off or provides an internediate or

di mmi ng signal. [0023] The nechani cal actuating neans for the el ectroactive
act uat or el esmdéectrsignalppl y a suitabl e nmechani cal i npulse to the

el ectroactive actuator elenent in order to generate an electrical signal,
such as a pulse or wave having sufficient magnitude and duration to

act uat e downd?928kisadiscloprdis @ perse switchingipjtiglerer &iohing flandsviee | | ght swi t ch,
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al so be 'used genera ric I ng application
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i ncor por at edinky ereetfcﬁfa@iwie devideSBit AFAGe raot@ebétw@@lvaaﬁ@det fnkiseteswhere the
el ectroactive_el e ul .se. end| ng provisional
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] b Ee! LSk St B e A St o des PR e & Ry 8Bkt Ccat i on

has been devel oped to the nechani cal actuation of the el ectroactl ve

el ement resujohpd)§nd MechaA béwacaﬁg in@4hs Rr tﬁeféeeclffaé%e%tu@cb%ﬂénfs@éy si gnal
produced by the actuator. The present invent sel f - power ed
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circui try degingmchnteteciical kignaMstidh ear polse bl Waae havingeshicent meahitugd gdal . To

harness the pEweh toga%ﬁ‘;@{e%ﬁﬁktrgé(mEFb%.tco?rlp%ﬁérﬁsoﬁ@,&:&c\ﬁ%mﬁlbﬁ%%htsJa{%ﬁ acconpanyi ng
RF signal generation circuitry has also been nodified to use the

el ectrical sPERAMPRYEIY BBPY PEFEfR iPua iegals: shan a5HR0. RATABAPRARES™ t he
el ectroact i veematisratiargei & nditpleetsediciyy atthaorsemeals may alsobet@niecal act uating

means and th ngéﬁa'tﬂ&é é'lédtrl&ﬁl s?dngf%JpeﬁcﬁAg |EQﬁJn 0 )%‘i‘@é?%te%ﬁheﬁyséﬁ%w drgb ectroactive

actuator is rough circuitry signed to
modi fy the e%’ hipg Bavices ivigh IS herery '"%QO@?MVH@F"EB%@W%M selfgwered
el ect r omagneswiich @kicre Bk eRtIFRAVE eMMeRGbnbRtE anScgmiod] piesvaTdperihgRF t rans mtter
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such as that disclosed in the application 09/616,978, with the modification that the
switches and receivers are capable accepting a multiplicity of coded RF signals. In the
present invention, a modification has been developed to the mechanical actuation of
the electroactive element resulting in a modification of the fype of electrical signal
produced by the actuator. The present invention describes a self-powered switch
initiator having an electroactive element and accompanying circuitry designed to work
with an oscillating electrical signal. To harness the power generated by the
electroactive element, the accompanying RF signal generation circuitry has also been

modified to use the electrical signal most efficiently.

[0024] In one embodiment, the eleciroactive actuator is depressed by the manual or
mechanical actuating means and the oscillating electrical signal generated by the
electroactive actuator is apblied to the relray or switch through circuitry designed o
modify the efectrical signal. In yet another embodiment,lthe electromagnetic or

electroactive actuator signal powers an RF transmitter which sends an RF signal to an



pul sed RF signal to an RF receiver which then actuates the relay. Digitized
RF signals nay be coded (as with a garage door opener) to only activate
the relay that is coded wth that digitized RF signal. Thgzhilap200d ters
may be capabl e of devel oping one or nore coded RF signals and the
receivers |likew se may be capable of receiving one or nore coded RF
signal. Furthernore, the receivers may be "trainable" to accept coded RF
signals fromnew or multiple transmtters. [0025] Enbodi nents of the
present invention nay provide a switching or relay device in which an

el ect roact i VBF eiceipéramni® tres bititeseher@Rntin <8 attiied e bodaednt, trat € t he devi ce.

00261 EmbodL gnksaflc 4EcPLERE L, LR ERL Bl BN REAN Ul dyboe of the

character descri

necessi t at i nBUIEIAFSBHAe 2RI jepriver phjgpthen Eﬁb@tﬁa itheereiey Disftized BF Ygrasent

i nvenL ion WHMapb@bﬂddﬁ(laawﬂlﬁélgé}ﬁge%ortdﬁ&dﬁ)hablﬂﬁ?tﬁﬁate e rtayitized cbdl’égVWI ch

swmtches na t.a I cuttlin ol es, | In

Strucrare T oiSr e el Fthanflibork B ROt PRue Bl @uddtie B 0l Mo 4 devi ce
of the charagpercodydycyidrplednd the wheivsns 'ﬁﬂﬁv'ﬁ%ﬁé\sbﬁm% of reegiing eneext er nal '
el ectrical i matétcosémr dfall 2Rthernors? Pie rdébilerd® maPpd rainhifs to 4006p2 8ddernbodi nent s

of the presept I ny tlr(])er‘_]V f'?(' E' gvr;d & device of the character described
i ncor porating Sianaly T Ry LR FRABMYE™S: hat generates an el ectrical signal

of sufficient magnl tude and duration to activate a latching relay and/or
switch initi @bﬁ] Emb8éa&ts &m%semmvs.m@ﬁ mal BroRiES SMchihd W &My RGicdray provi de a

devi ce of the cribed jnco oratl n ectroactive that
generates an" %LQE?P F'Egrloa%"iv%?{a{’l'ez% ecgﬁfg’f“(?ﬁéwsed g)%pg‘fafegthe 3% magni t ude to
activate a radio frequency transmtter for activating a |atching relay

and/or swt C!@Dtd} 'EHb@JuQénts &f%%serﬁ%&qu@tﬁroﬂﬁe 4 E@lc@ﬁﬁﬁ@&krabt@yent Ion may
provi de a de character descr

v g}ﬁ % mcorFoﬂ% g an actuator that
gener ates an®&F &€ f"i"ff‘éﬁ seitdhpsate RRIPY wioHtnecssEIRNg LCIYEY | vat e a radi o
frequency transmtter for activating a |atching relay and/or swtch

initiator. [ﬁ@@ﬁkm@%ﬁg'hm%%r&gnt‘irn%tﬁﬁ ﬁ\%?%w&ené’@éucb BithdBraRePVi de a device
of the character 3 January 2006 describ |ncor orati nﬂl&a transmtter

that is capa?ﬁsé“b&f’ nEVrRa ISYIRMRY M At be ieetplipd B’r”ﬂé’”%%%h e fhg AYiding[ 0033]
Enbodi ment s gifuctitee present invention may provide a device of the character
described incorporating a receiver capable of receiving at | east one coded

RF signal fromat |east one transmitter. ) .
: [0028} Embodiments of the present invention may provide a device of the character

described in which switches do not require external elecirical input such as 120 or 220
VAC or batteries.

[0029] Embodiments of the present invention may provide a device of the character
described incorporating an electroactive device that generates an electrical signal of

sufficient magnitude and duration {0 activate a latching relay andfor switch initiator.

{0030] Embodiments of the present invention may provide a device of the character
described incorporating an electroactive that generates an electrical signa! of sufficient
duration and magnitude to activate a radio frequency transmitter for activating a

latching relay and/or swiich initiator.

[0031] Embodiments of the present invention may provide a device of the character
described incorporating an actuator that generates an electrical signal of sufficient
magnitude to activate a radio frequency transmitter for activating a latching relay and/or

switch initiator.

[0032] Embodiments of the present invention may provide a device of the character



[ 0034] Enbodi nents of the present invention may provide a device of the
character described incorporating a receiver capable of "learning"” to
accept coded RF signals fromone or nore transmtters. [903RlarfFpimdi ments
of the present invention nmay provide a device of the character " descri bed
for use in actuating lighting, appliances, security devices and ot her
fixtures in a building. 7 3 January 2006 WD 03/005388 PCT/ US02/21152 1

BRI EF DESCRI PTION OF THE DRAWNGS 2 3 [0037] FIG 1 is an elevation view
showi ng the details of construction of a flextensional 4 piezoelectric
actuat or usegestdbel meorporaibg B transmiten et capable 6f de@dlpBh aHb4st o cadéds an

el evation vigw, g howi ng the details of construction of the flextensional 7
pi ezoel ectric a€tuator of FIG | having an additional prestress layer; 8 9
[0039] FIG 2 is an elevation view showi ng the details of construction of
an al t er nat e[0033) Enmbdirherits2yf @ pfdsentireagibomay prptiezodiviee bithecchaatteiat or used in a

rTDdI ficati Ondr%grgxeg[ng%&n%tm%%décelv&'r& a%lé "of l'e%ﬁ\lllq’qa ﬁgg%gi ccﬁigg;ﬂ: hiﬁ an el evation

view of an e evi ce 4 app dt1 on and
renoval of - afffppideastase trapsmifient er of an actuator;' 15 16 [0041] FIG 4 is
an elevation viewof the device of FIG 3 illustrating the deformation of
17 the actu gat | force LG 5 is an

el evati on V?@Q&%#Rgﬁmﬁ eV|cgpﬁ$&EF¥fn§anYﬂb?&e m§%e%ﬁ€ %%%§Very of the 20
act uat or upoteseibahipearrestting pescpiver carablp of easphanty aéﬁepécoa%ﬁ RBksigralsease devi ce;
21 22 [ 0043fonkbdeor froteIrandimi®drevati on vi ew of the actuating device of the
present invention for 23 generation of an electrical signal by deflecting
a flextensional piezoelectric actuator; 24 25 [0044] FIG 7 is an

el evati on vi B035bEmbetimentsect the peegend inverdien may ereidecedenite efie ghpragtent 26

i nvention f ofesgpB@lorlide@Naciatidighing Cdpblishads, ScGitpdevi¥s shallnaetdung i
flextenS|onalmﬂlezoelectrlc




27 actuator; .28 29 [0045] FIG 8 is a block di agram ‘showi ng ‘the

conponent s of a circuit for using the 30 electrical S|gnal generated by
the device of FIGS. 6 or 7; 31 32 [0046] FIG 9 a detailg pads di agram
of the circuit in FIG 8; 33 8 3 January 2006 WO 03/ 005388 PC‘PQU802/21152
1. [0047] FIGS. 1 OCa-c show the electrical signal generated by the
actuator, the rectified 2 electrical si gnal and the regul ated el ectrical

si gnal resmagmughg/ 3 4[0048] FIG 11 is a plan vi pygdaAuned | oop

antenna of FIG 8 illustrating the junper at a 5 position maximzing the
i nductor cross-section; 6 7 [0049] FIG 12 is a plan view of the tuned
| oop antenna of FIG 8i||ustratingthejurrper at . 8 a position

mnimzi g BREFDESeRIF oK DRSTHETROWIRGS 9 10 [0050] FIG 13 is an el evation
view of a preferred deflector assenbly and casi ng which 11 encl ose the

actuator 2of the present invention; 12 13 [0051] FIG 14 is an el evation
vi ew of an oS A MG tids andlediticrevdw shodied the déteils caemetimalion of 2 flextsisioigal a sl i di ng

paddl e; vati onal cross-sections taken
al ong I|ne R.éz%f%%?;%a& E%éj ‘W’%"%ﬁ%&f“ﬁ% ﬁﬁe preferred enbodi nent of a

casi ng ahd defl ector assenbly using a quick 18 rel ease nechanism and 19
20 [0053f Fto%j! Fi@aa% e@a%vsﬁcﬂ\mwsﬁmg thé 8S8Is SEhitRBRonlopdke flexithatg: | | ne 16- 16

of FIG .%4 plezoetectnc actua%rg gﬁglé 12 having an additional prestress layer,

8

g  [0039] FIG. 2 is an elevation view showing the details of construction of an alternate
10 multi-layer flextensional piezoelectric actuator used in a modification the present
11 invention;
12 :
13 [0040] FIG. 3 is an elevation view of an embodiment of a device for mechanical
14 application and removal of a force to the center of an actuator;’
15
16 [0041] FIG. 4 is an elevation view of the device of FIG. 3 illustrating the deformation of
17  the actuator upon application of a force;
18
19 [0042] FIG. 5 is an elevation view of the device of FIG. 3 illustrating the recovery of the
20  actuator upon removal of the force by tripping of a quick-release device;
21
22 [0043] FIG. 6 is an elevation view of the actuating device of the present invention for
23  generation of an electrical signal by deflecting a flextensional piezoelectric actuator;
24

25 [0044] FIG. 7 is an elevation view of the preferred actuating device of the present

26 invention for generation of an electrical signal by deflecting a flextensional piezoelectric
27 actuator;
28
29  [0045] FIG. 8 is a block diagram showing the components of a circuit for using the
30 electrical signal generated by the device of FIGS. 6 or 7;
31
32 [0046] FIG. 9 a detailed circuit diagram of the circuit in FIG. 8;

33




WO 03/ 005388 PCTI USCR/ 21152 1 DESCRI PTI ON OF THE PREFERRED EMBODI MENT 23

El ectroactive Actuator 4 5 [0054] Piezoelectric and electrostrictive
materials (generally called "el ectroactive" devices 6 hesghmlarfioy® op a
pol ari zed el ectric field when placed under stress or strain. The electric
7 field devel oped by a piezoelectric or electrostrictive material is a
function of the applied 8 force causing the nechanical stress or strain.
Conver sel y, weligatspact i ve devi ces undergo 9 di mensi opatuchadiges in an
applied electric field. The dinensional change (i.e., expansion 10 or
contraction) of an electroactive device is a function of the applied
electric field 11 El ectroactive devices are comonly used as drivers, or

"act uat of S” jodiA Fids.4BSk shdW tﬁ@@&b‘ﬁicﬁ%tgné&%eﬁé?at&ﬁﬁﬁﬁ@bdtl&ﬂf ltheSre@dlece! ectric
fields. These el ectroactive devices or act uach al so have 13 varying
o

capaci ti 8s ElBchiBlrgnatand e regulsiadiefectieg! sipnpl fegp nse to a deformation
caused by an 14 applled force. 15 16 [0055] El ectroactive devices include
direct and rect act u of a
change i h@ﬂg '@ﬁ%%@a%? a%”%P %?bﬁg?%¥£@ a%@%mg éfs K@%ﬁ%@%t but in
18 the pﬁesetmtlon reaxdmizing ithednductprasfsesediPy used as el ect r onechani cal
generatogs. Direct node 19 actuators typically include a piezoelectric or
el ectrostrictive ceramc plate stack of 2 ndwi ched between a
pair of & etFYdE: 1R& Hilen visy f e "S‘Fﬁjdgﬁ’f‘)pg'ﬂf?‘?rﬁ' ggr% gf’l‘@%‘i" ?WP'B%%” eneral |y
have a spff hgbsttidh hihithiaing e lded@etossidction; and/ or el ectrostrictive coefficient
22 to prgduce the desired strain in the ceramc plate. However, direct node
actuators suffer 23 fromthe disadvantage of only being able to achieve a
very smaD| H0sHIRR édrismn elevativayien of a mpefervgdideflectos assafbllp ard casipgiviicty f ew t ent hs
of a pe&iensncloggmg%aﬁawoftnélpvfe%sﬁt.rmtgn generator 25 actuators require
application of amount of force to piezoelectrically generate a 26
pul sed ﬁ%nentary electrlcal signal of sufficient nagnltude to activate a

| at chi ng3r etwm FI® 74 8&n [cRO50] vibw o ahelidrmatd eabairhanhh defiectarassdmbywn t o exhi bi t
greater g Iace a % strain than 29 is achievable with direct node

act uat o8 by O?Hﬂ% train anplification via external 30 structures. An
exanpl eldf an indirect node actuator is a flextensional transducer. 31

Fl eXte”%‘sO”fdosé]r%%S% %e’r’éﬁnoﬁél%Fb@&éécﬁon%ttékuﬁbwﬁgaﬁae%lw&m @f a
pi ezoel ectric ceramc ement and nﬁévgﬁ%tressed pl asti c,

fi bergl &ds, stowingithy F?r%f?"'"%dc"?mth‘?f"ﬁ'?@é’faqq’?@gg %19%&38?9 AEYSE conventi onal
fIextenseon&mmd£Mb@ﬁﬁmmoﬁmDnly occurs as a result of

19

20  [0053] FIGS. 16a-d are elevational cross-sections taken along line 16-16 of FIG. 14.
21 '
22




10 3 January 2006 WD 03/ 005388 PCTI US02121152 1 expan5| onin the
pi ezoel ectric material which nechanically couples to an anplified 2
contraction of the device in the transverse direction. tozQaizyboss they
can exhibit several 3 orders of magnitude greater strain and di spl acenent
than can be produced by direct 4 node actuators. 5 6 [0057] The nagnitude
of achi evable strain of indirect node actuators can be increased 7 by

constructi ngobsesei t her as "uni mor ph” or "bi nor ph" fphexi@ashanal
actuators. A typical. 8 uninorph is a concave structure conposed of a

single piezoelectric elenent externally 9 bonded to a flexible netal foil,
and which results in axial buckling or deflection when 10 electrically

energi zed. SRSERPTION GOTHHERIGRRRED EMBCDIRERT rai n of as high as 10% A 11
conventi onal binorph device includes an internediate flexible netal foil

sandwi ched 12 between two pi ezoel ectric elenents. El ectrodes are bonded to
each of §heEgpB#yoativenctbage 13 of the ceramc elenents and the nmetal foil is
bonded tp the inner two el ectrodes. 14 Bi norphs exhibit nore displ acenent

t han conparabl e uni nor phs because under the 15 applied vol t1aug one ceram c
el ement Wi | [0084) Miezeriectiniand eletrhgiriciymnteralpigpnesally il lelsREoastvR’ devigesx hi bi t

strains gp ﬁé?e@)(b"é%ebb?a poia%ze[d%‘ét%k fé?@iam dcad mdap@ﬂesmbirmsr\@ae@duect roactive

act uat ors metrical l ct ro ctl es have been
proposed’ i nfiEstdf¥ploRed bVﬁ(PYeé‘%fLeét”? e e[f;af?szrl‘cuﬁe'f'%t WE °¥§% PX of
el ectroagt i fore mistyited meo&mﬁbatéheﬁsefreﬁm | Cowveragy eleﬁeaaawhdmbu@eﬂor ain of the

21 el ectroa i nexanpl e,
" Rai nbo @%ﬂ ?og?%h%?‘ 20 a@a I %st@g-\éldcﬂ% dgg%%bﬁﬁqaﬁgé 4771, %%D and ot her
f | ext en$d onericonttacinm @‘rag)eleﬁmctus S‘@m@tl? 3 functipg oithe anpliedilesie Alld-pr oduces a

curved sir gﬁlgéh'bgctwé H&hc@@ﬁklﬁorﬂﬁ&ii%e& WOVBYs Odr "Sillaions 8 to @R pberdfly Whi ch i s
concave an

ferrl to FIG1: A
uni mor ph? actedsosy ”'@&f ‘F"@EIeleef’FﬁlfﬁiﬁEﬁhes%ﬁ‘?cgﬂaqq%Fsd%L"ﬁﬁr%%g gptors 9is 'iq%’ﬁl acenment ,
strain amd Vil capqities tol Jeh@ste ahalsctiieficiiit legpdreetv ediefvehatipechuagrthyian di scl osed
28 in ﬁp ap u‘%r go 5,632, 841. THUNDER (which is an acronymfor THi n
| ayer cg) 0 5% UN m)rph ferroelectric Driver and sEnsoR), is a
uni nor ph>act uator in which a pre-stress .30 layer is bonded to a thin

pi ezoel egtr jofss) EicRFdLRleRbesHclubé GRect é?ﬂﬁféﬁr@ét Hfoﬂe aciidthrs] Whitigpitdng 31 cool i ng
down of 1'5‘ hemgko nl]%g%il' é ghaﬁter :H ’?htelgilrm%ngg s of t tern%a erial tg ac?‘ue(ree g 3.3;9 Ic%rsngr?t !Eurt]% ceram c
waf er g

18  the present invention are preferably used as electromechanical generators. Direct mode

19  actuators typically include a piezoelectric or electrostrictive ceramic plate (or stack of

20  plates) sandwiched between a pair of electrodes formed on its major surfaces. The

21 devices generally have a sufficiently large piezoelectric and/or electrostrictive coefficient

22 o produce the desired strain in the ceramic plate. However, direct mode actuaiors suffer

23 from the disadvantage of only being able to achieve a very small displacement (strain),

24  which is, at best, only a few tenths of a percent. Conversely, direct mode generator-

25  actuators require application of a high amount of force to piezoelectrically generate a

26  pulsed momentary elecirical signal of sufficient magnitude to activate a latching relay.

27

28  [0056] Indirect mode actuators are known to exhibit greater displacement and strain than

29 s achievable with direct mode actuators by achieving strain amplification via exiernal

30  structures. An example of an indirect mode actuator is a flextensional transducer.

31  Flextensional fransducers are composite structures composed of a plezoelectric qeramic:

32  element and a metallic shell, stressed plastic, fiberglass, or similar structures. The

33  actuator movement of conventional flextensional devices commonly occurs as a resuft of

10




32 due to the difference in thermal contraction rates of the pre-stress

| ayer and the ceramc 33 layer. 11 3 January 2006 WO 03/005388

PCT/ US02/ 21152 1 2 [0060] The THUNDER actuator 12 is as @)sREppso

structure, the construction of which 3 is illustrated in FIG 1. Each

THUNDER actuator 12 is constructed with an el ectroactive 4 nenber

preferably conprising a piezoelectric ceramc |ayer 67 of PZT which is 5

el ect r opl atw@ofaassgnd 65a on its two opposing faces. ApPfgsosti©ss | ayer 64,

preferably 6 conprising spring steel, stainless steel, berylliumalloy or

other netal substrate, is 7 adhered to the electroplated 65 surface on one

side of the ceramc layer 67 by a first 8 adhesive |layer 66. In the

si npl est  embogh AgRtn the B@z&%@ﬁéhﬁ@nél%@ﬁ mBéhafiEdl§ calpled tueRipiRGS O | ayer.

The first adheswe Ia er IS refera]t&% aRCZ%

devel oped? by nagiasa %F%W’F@é?@é‘fe@? P g

5, 639, 8503 Aoraaeendagnmfde@ddmssm drayisplaeieent tharsan pe pfoducat by digohpr i si ng

LaRC— S terl adhered to the 12 opposite side of the ceram c | ayer
Dur i gg %:tdfat%F

the adhesbve Iayer(s) 66 and 66a and the pre-stress |layer 64 are 14

si mul t anegusb\jsﬂq—% R ﬁltgd@oftaﬂ{mﬁﬁlétswlr?ofmﬂt\!@nbﬂ@adﬁfékcﬁ‘é L) bEQ‘lcfﬂaseQIf t he
adhesi ve nat eri al %

t t he THUNDER
act uat or ?nah*é‘l’“f?“f‘ﬁ‘é‘gcf’é‘?"a héra a%flﬁnq"?e’%f?!g%rVar”ﬁh%’ﬁﬂ%’@@@% AQ& gnd 66a

and the pge- aﬁmhaf;es.slaamfav@ét)ucarea:otnpmedafé singtd emeecticielénmest eféernﬁﬂly an
aut ocl ave _or conv. | oW y heated
Ff? {c}rat%flﬁlg ﬁe%rtﬁp ﬁt?wﬁlcl?r%%@g ?hatxﬁl !EI1H§ Bweﬁectlm&ﬁ

18 by convecP?“g ers ure reach a tenperature
whi ch i s l@bowlectidaty ena@nza@lQomn@npwmtphwant%blb@ﬁ*@mfés bigh aatlarfal but bel ow

the Curieqt e%@érﬁi&ﬁg ﬁmeiphfdb\ﬁoeqe?r!@e&ﬁnmt%ﬂnéd@)@afex:@z meldl foil Sand@Bhdgdabl e to keep
the tenperature of the ceramc |ayer 21, tenperature

of the céPanPAweeiyjup P‘PWBEFtH%?ieT%‘t%F@FEOdG? §T‘§B’fc{]ﬂ§f ?aﬁ'% LI BT ¢ 22
char act en_Bst bfake @fantibgera@itaimidand raytelfoiy bonBatia diednttehvorddctrgdebayer structure

I's typicg Pg}ﬂpﬁg E)é} Gt '%eb %{plaégr%rggn ?(tcoﬂpa?aﬁ?é%rf ifidrbhs HRbdus@lindePe! ayers tend

to be at ture. Tn any event, because an
adhesi ve 15 ay empn@:ardtaget 95 qeeamngelqemw@aorﬁre@tw@émth@ finer eXeandpRIPOPRS 8PS (i . e
between the carALGnd @EhoR7 and the pre-stress |ayer 64), the ceramc 26
| ayer 67 and the pre-stress l-ayer 64 are usually very close to the sane
t enper at dre and 27 are at |east as hot as the adhesive |l ayers 66 and 66a
during the hembs]rar Gdrﬁm apﬁhcﬁtla;as aBiprechesciudios, FoBERIctesabieeedl?2 i s t hen

aI I g\./ved Egr Cgl%::ﬂtrogﬁﬁ% gewc s F&%f%%tlzn ;géﬁcjs&ginégﬁr £ 2898 LA defornbddn &T OCesS

ayers
the electroactive matenal and therefore increase the achievable strain of the

21 electroactive material. In such devices, (which include, for example, "Rainbow" actuators
22 (as disclosed in U.S. Patent 5,471,721), and other flextensional actuators) the asymmetric
23  stress biasing produces a curved siructure, fypically having two major surfaces, one of
24  which is concave and the other which is convex.

25

26 [0059] Referring to FIG 1: A unimorph actuator called "THUNDER", which has improved
27  displacement, strain and load capabilities, has recently been developed and is disclosed
28  inU.S. patent no. 5,632,841. THUNDER (which is an acronym for THin jayer composite
29  UNimorph ferroelectric Driver and sEnsoR), is a unimorph actuator in which a pre-stress
30 layeris bonded to a thin piezoelectric ceramic wafer at high temperature, and during the
31  cooling down of the composite structure asymmetrically siress biases the ceramic wafer
32 due to the difference in thermal contraction rates of the pre-stress layer and the cerarmic

33  layer.

11

’?alangg?}ég{r{.b%'s@{%? Pat. No.

¢ of the THUNDER actuator 12 13 the ceram c |ayer 67,




31 have re-solidified) the ceramic |ayer 67 becones conpressively stressed ;

by the adhesive 32 layers 66 and 66a and pre-stress |ayer 64 due to the

hi gher coefficient of thermal 33 contraction of the maters ghsuagf2d08e
adhesive |l ayers 66 and 66a and the pre-stress layer 64 12 3 January 2006 WD
03/005388 PCT/ US02/ 21152 1 than for the nmaterial of the ceram c |ayer 67.

Al so, due to the greater thernmal contraction 2 of the lamnate materials
(e.g. the fyHsdnoBke-Stress layer 64 and the first adhegpu@h@ser 66) 3 on
one side of the ceramc layer 67 relative to the thermal contraction of the
lam nate-4 material (s) (e.g. the second adhesive |ayer 66a) on the other
side of the ceramc layer 67, 5 the ceramc |layer deforns in an arcuate
shape haviing a nornally convex face 12a and a 6 normally concave face 12c,

as illustrat B 10062 rin One or

more addi £i o (gﬂﬁbﬁ @Nggg’\.aﬁ@' %a&ge?? 3°°rqje?°s' SB Ct@'g thﬁ %P%t%c#hher to either

or bot h si3dess iffstratbadinC4e. alnE@chITWHDEBactuatordlﬁmonsth@iedwﬁfaﬁml@tmd)\’e 10

| ncrease the nfewbgrsp%efb@b% ngngg@ﬁaa})@zae@ema cc-.@zmleratyémwm.m@ the actuator
erre I nven

12B. In a 11 F I on, a second Brestress
layer 68 i%s [lesipltesiforRe 65210 iis Gyroppesinadaces Yorresiress iayerfé RIFPEPY 12B: havi ng
the secong a@&ﬂmsmg sbr&tg%feeﬁ &anmteeﬁ bé@um Blioly ar diyer el audbsteats] isc ooI ed.

Pr ef bly t

conduct i vd matret R AP YR an Sl SR o R & oy o ses
thin foil 8 1adifasizk byenesl W thehsimpiest emMmenhéwefadmegwe redbreels 8s # BrpEfess4)

conpri si ng alldj@? ?Mr&%?ﬁ’és%'i é%ﬁﬁd?%@ﬁj{}fﬁ%@mb%ate@l”ab'agietog&:l yool i ng step

of the proces eslive ers pave

re-sol i dilf0i ey SprangleyrRasparch Ggnisr apddisgiased IS Peb MBS0 88h Y 88 vel v 18
stressed by thRsreR§sI668, disayhdicathbcoripasiiaRrarsl natefialst bassediaer s 64 and 68

due to t o hjt%@;%qj?rggefghﬁfg g}%})ﬁ'tp@é{%ngﬁéﬁqu%ct&%mf&%%—IUQBEQ ctEaﬁt?r‘[ terials

of the adfesi®®s L& eSS T ayers 64 and 68
t han for 1t3hethaadaamuallaysmﬁ?ttlhmdbw\arlayer(ﬂi)@@end@Eandmmﬁ@ss la‘i?é%@)’et he greater

thermal ggnt i rg@itér%guéﬂf heafifl td é@n@ﬁéﬁr&%ﬁa th@hélt.é ot ofthCadhbdivelmaptrar 22

stress | ayer tthe Tirst sl ve g on one sjde of the ceramc
| ayer 67 1@3 r'rewra%ﬂice/é\et\@nquﬁ@y%rﬁé?fwsmwﬁﬂﬁ E‘PEBﬁCtB?toﬁ(ﬂ%“quatH? FRRC mat eri al (s)

(e. ?h t h? r?s ecr@eﬂbra@ha@ahééﬁe |a§érs b@yiay 668 aad th@ gretdnessamem amrtﬂﬁdan}qﬂai:e% (;lygr f 68)
on the other . ef or ms
into an arcud® Qeé’fﬁ{b@t{‘?‘l‘%\‘ﬁ A “é’n\ﬁe&l’%évf’ ‘Q’cdo‘h0 B ag%cq"%%}% %%‘ng%l{ a normal |y
concave fl&ce b 2mveaisn uhill elsthe kiyeslofi tre ﬂl@urelr%ch ZTemF@@tt[f@)@BlQ] is Abavetheat i vel y,
the substat %eﬁﬂ&B&ht%f B9 AnRR 85 ALRIALEDLIH AR CAK MR ALRY tRceramic

20 layer 67. It is desirable to keep the temperature of the ceramic layer 67 beneath the Curie

21  temperature of the ceramic layer in order to avoid disrupting the piezoelectric

22  characteristics of the ceramic layer 67. Because the mulii-layer structure is typically

23  convectively heated at a slow rate, all of the layers tend fo be at approximately the same
24  temperature. In any event, because an adhesive layer 66 is typically located between two
25  other layers (i.e. between the ceramic layer 67 and the pre-stress layer 64}, the ceramic
26 layer 87 and the pre-stress layer 64 are usually very close fo the same temperature and
27  are at least as hot as the adhesive layers 66 and 66a during the heating step of the

28  process. The THUNDER actuator 12 is then allowed fo cool.

29
30 [0061] During the cooling step of the process (i.e. after the adhesive iayers 66 and 66a
31  have re-solidified) the ceramic layer 67 becomes compressively stressed by the adhesive
32 layers 66 and 66a and pre-stress layer 64 due to the higher coefficient of thermal

33  contraction of the materials of the adhesive layers 66 and 66a and the pre-siress layer 64

1z




29 elimnated and the adhesive |ayers 66 and 66a al one or in conjunction
may apply the 30 prestress to the ceramc |ayer 67. Alternatively, only the
prestress layer(s) 64 and 68 and 31 the adhesive Iayer(nggﬁﬁﬁpgb@ﬁa may
be heated and bonded to a ceramic |layer 67, while 32 the ceramc |ayer 67
is at a lower tenperature, in order to induce greater conpressive 33 stress
into the ceramc |ayer 67 when cooling the actuator 12. 13 WD 03/005388
PCT/ t Js02/ 2d9zvodass 2 [ 0064] Referring now to Figure 2pcyedoyainat her

al ternate actuator 12D includes a 3 conposite piezoelectric ceramc |ayer
69 that conprises nmultiple thin layers 69a and 69b 4 of PZT which are
bonded to each other. Each layer 69a and 69b conprises a thin layer of 5

pi ezoel egt r ingn fmfhemaeénal dﬂ&htefaeramﬂ: @rlsm%é‘o eﬁeetweag%ayer%mﬁdn@nmia{ of about 1
ml. Each th 65a,..and 65b and

65c on each® ﬁ@ﬁ lﬁ'i’"“?é(‘f’@te”?ls (% g’@g'f '\’f@ﬂ/ess 1"’}3{@ q4rﬂ9ij meﬁ[ﬁé?dhﬁ%\‘ﬂ?é?y?r ®a and 69b
are t hen3boades sdde ctthe berainiadayend? rdlatianio ik heth@bdoveadtiany theGfilnateusi ng an

adhesi ve,su i the thin
foyers. eba THsPAGRRE st bRy ok o PR ol ioB B EldihBRlctop, 10 1
sheets of pthe@@'ém@dayentefms @@atcuqt@)g@pﬁbavingﬂgm@a}w a@\@weﬂa@endsa 69a and

69b, but g1lpmefyebrdalytaed 13eaSiustmdin Eltisn gheet s of piezoel ectric materi al
may be bonded/ cofired 12 together. The conposite piezoelectric ceramc

| ayer 69’ may then be bonded to prestress 13 layer(s) 64 with the adhesive
| ayer ('s) 8 66[taér] RafetringanFIGh &2 Dadlorandle aditibral pa@ssirdeshgidybes) mbjbeabove to nmake a

modi f i ed TWH% e@-g (%ﬁ‘% gi'iheﬂ'%rl%oth%iéep&\{ﬂe%rag]f# lLye%}em oFHeF ?O‘?E:)iab'@ée{ oS 69a 15

and 69b of prez ed actua he conposite
cer am c1®ay'@¢reaSP6heg€éTﬁ@9rlaﬂ‘@s?e@miccbﬂM@rBT\%Fﬂtsé@@ﬂaﬁﬂdh%%@TQﬁJlnrf"ent as conpar ed

to the iy ghprss@}ré@&ﬁooam@n{ @\meme,%ﬁ ra%@&ong%%fré’és erh% lddsiR actuat or 12
having only a single thjcker ceramc 0065] A erX| bl e

| nsul at 6f nERFHE f?f?éaa pigheapltatef i '@HHQ/E‘Q S?‘?&’E‘éa‘ihfﬁ"%’f’ye{ ﬁéﬁ &f Suat or 21
Thi s ingsal aﬁamﬂsely héméd angl chelbd) Srafurablyeting sedmidprestredsomat 6&kiospitas gyef t he

pi ezoel egtr {»&o el a1 Mord @%@tﬁglg %He@%%\ﬁg éFegt?e‘ss %9&263%ng3£§5 ﬁm%l her

conduct Or , uman es the ceramc
el ement lﬁor@e@l\(ﬁaﬁlﬂ‘@efdﬁ@h the@“stswmssﬂayerc%mmﬂ@n@aluwawﬁgreoﬂfef om 24 inpact.

Si nce LaRGSkaphdetie ﬂbt@ll Qﬁﬁﬁg'tlﬁécoﬁlm&st@ﬁjmﬁé M@ce's@b(@raﬁéﬁtﬁe éﬁheil\hﬁaﬁﬁﬂ'ﬁﬁex face 12a
of 25 the actuator ernately, the

i nsul at FVe PE\AER hﬁ’ﬁfe?@‘dg%%ffel °§F—‘? 1ﬂeé|§7t ?"P'[aqﬂ'é‘?—eﬁw %cimpéetsﬂ ¥ dur abl e

coat i ng1s Z2stressed by thé adhesive layers 66 and 66a and pre-stress layers 64 and 68 due to the
19  higher coefficient of thermal contraction of the materials of the adhesive layers 66 and
20 66a and the pre-stress layers 64 and 68 than for the material of the ceramic layer 67.
21 - Also, due to the greater thermal contraction of the laminate materials (e.g. the first pre-
22  siress layer 64 and the first adhesive layer 66) on one side of the ceramic layer 67
23 relative to the thermal contraction of the laminate material(s) (e.g. the second adhesive
24  layer 66a and the second prestress layer 68) on the other side of the ceramic layer 67,
25 the ceramic Iayér 67 deforms into an arcuate shape having a normally convex face 12a
26  and a normally concave face 12c, as iliustrated in FIG. 1a.
27
28  [0063] Alternatively, the substrate comprising a separate prestress layer 64 may be
29  eliminated and the adhesive layers 66 and 66a alone or in conjunction may apply the
30  prestress to the ceramic layer 67. Altematively, only the presiress layer(s) 64 and 68 and
31 the adhesive layer(s) 66 and 66a may be heated and bonded to a ceramic layer 67, while
32 the ceramic layer 87 is at a lower temperature, in order to induce greater compressive
33 stress into the ceramic layer 67 when cooling the actuator 12.

13




28 [0066] El ectrical energy may, be recovered fromor introduced to the
actuator elenment 12 29 by a pair of electrical wwres 14. Each el ectrical
wire 14 is attached at one end to opposite .30 sides of $§hg,agy vadeor

el enent 12. The wires 14 nmay be connected (for exanple by glue or 31

sol der 20) directly to the electroplated 65 and 65a faces of the ceramc

| ayer 67, or they 32 mamy alternatively be connected to the pre-stress

| ayer (s) 64woAsuEisscussed above, the 33 pre-stress | avefuédris preferably
adhered to the ceramc |ayer 67 by LaRC-SI material, 14 3 January 2006 WO
031005388 PCTI US02121152 1 which is a dielectric. Wien the wires 14 are
connected to the pre-stress layer(s) 64, it is 2 desirable to roughen a
face of the pre-stress layer 64, so that the pre-stress |ayer 64 3

intermttentl e tratesther ctive h sive | 66 and 66a, and
make el ecfri é EE]FEE rQE’thLF?I a g‘?b@%ﬂ @Gtéff’tB @Sd‘}fﬁ'&‘ﬁ%ﬂ 65 and 65a
faces of 8Bhe ccrepicamsi me:doeiy@ﬁc o@rﬁmuﬁay&kGganhata:bmmbglmp!tmethhaayersma anhagbi ve | ayer
66 may haye a{gvt?ong%t%écﬁ'otheﬁ'é%hi {édﬂh%&f Flseglgl{ml {poparticles,

used as a f|| In esive and ain r cont act
bet ween t Be ;ste@!chmatea@lemthaﬁlacwﬁ@ F@f%re!@'wp%@ré%r of %P@ét oril.tEggh &dt ani c. The

8I 0p|t008l teg ?Wer%aﬁﬁ&ébb@d delrbdifad 65Mnd 854, 4nd @swn@wmtélam]fﬁpmastét ed tg an
electri c ul se n CIl I CUl re I esse

Ol B e o L SR 2t oo 4, vded 00 oy 31 ty and 12
their rel ati adiegivé ayagedidiusy aaoae!hemie suenad LeBOSh ittrastively, ehditriostel y  hi gh

vol tage t Iaat p%%?&lylﬁwertr[)rﬂ%gs%? baid %é’b%%%%%h o eagl‘?c\ftﬁclzr 'c&'gm {Egg"irpr esent

i nventi on " ho é el ectr actl enent

having t A€ pﬁkbq@@rqul@@eﬁﬁacmﬁamaé@g@mrsﬁﬁwfﬁé% yerefPa @pd fRbgbut 15 i e, the
ability 49 JgR@kMyaRad{ut ABShéds mwwlb%mcmteﬁax%wé p&ide@boida t he devi ce.

For 16 exanple, the invention ma e du net ost |ct|ve or
ferroel ederi L9l BgLompasie ﬁ*ﬁ@*&ﬁﬁﬁ%@%@ergﬁg@y ﬁ‘@%geﬁ%g cg%’ pﬁa& i NRY -
ar cuat e, 1but layer(s) 84 with theadhashe: layegR)sdlane 662, binbiteated 8ndeoeled os deskiibedf | at , and

may furt Hﬁr i s ‘tbq'ﬁalét qﬁﬁggd ﬁilﬁé\iﬁlﬁi g&&a?drclzﬁl |E§mulg]&%th%9er[l%@8t’]9al n

operatl on, as orce | arrow 16 i s
applied 21§ 2nd Q%@f E'@W@'é%ﬂcffa@@al@a? redifipgh actugiqr l]&'? dhe CPL"Pof’t‘tﬁée’PE?Pcd%’eHef or ms

the piezagl eglichdiess] 18R %na?? and Mghel AfreftQE S6nFER 1D Be AigRhbiRge b 1bdne

ol cat fdn errksraapeg pie AV EOE PRI 2B A 3 hoBdider A e ot o or

by ot her 124 sechani cal neans. Preferably, the force is applied by a
mechani ¢ switch (e.g., a 25 plunger, striker, toggle or roller swtch)

capabl e of devel opi ng a nechani cal inpul se for
20  [0065)] A flexible insulator may be used o coat the convex face 12a of the actuator 12.

21  This insulative coating helps prevent unintentional discharge of the piezoelectric element
22 through inadvertent contact with another conductor, liquid or human contact. The coating
23 also makes the ceramic element more durable and resistant to cracking or damage from
24  impact. Since LaRC-Si is a dieleciric, the adhesive layer 67a on the convex face 12a of
25 the actuator 12 may act as the insulative layer. Alternately, the insulative layer may

26  comprise a plastic, TEFL.LON or other durable coating.

27

28  [0066] Electrical energy may-be recovered from or introduced to the actuator element 12
29 by a palr of electrical wires 14. Each electrical wire 14 is aitached at one end fo opposite
30 sides of the actuator element 12. The wires 14 may be connected (for example by glue or
31  solder 20) directly to the electroplated 65 and 65a faces of the ceramic layer 67_, or they
32  may aliematively be connected to the pre-stress layer(s) 64. As discussed above, the

33  pre-stress layer 64 is preferably adhered to the ceramic layer 67 by LaRC-8| material,

14




26 application to and renoval fromthe actuator 12. The nechani cal i npul se

(or removal 27 thereof) is of sufficient force to cause the actuator 12 to
def orm qui ckly and accelerate 28 over a distance (approxyah@dry 286 nm

whi ch generates an electrical signal of sufficient 29 magnitude to
activate an el ectronechanical latching relay. 30 31 [0069] Referring to
FIGS. 3, 4 and 5: An illustration of prior neans generating an 32

el ectrical wobsmssey application of mechanical force cegppésess? swtch
plate 18 and a 33 plunger assenbly 13. The two ends of the piezoelectric
actuator are each pivotably held 15 3 January 2006 WO 03/ 005388

PCT/ US02121152 1 in place wwthin a recess 44 of a swwtch plate 18. The

SW ]Ech E: at ew&& :bsd’blb@m@wﬂ%n%ams @fareZodnb@erﬂﬁﬁheaﬁ'é)ﬁre%ﬂawm614 itésd thereiOI n,
prerera ul ar tlve actutor S mounted in
a circul a¥ g gbé fougheéﬁar ‘%ﬁ‘e tpc/eﬁs %*'%F klbﬁ{th? Bré"e [?Se? 44 in the
switch 43pl ateemﬂ;@tlmmndtratbssthamsmuwradm@smeriayg‘s &6 end G6aj argl m%p aleetdcal |

undef or meq SEate: with Ii}‘r:‘e %%@ﬁ?%%ctr@la‘?&% 68'hd @dasf&e§9fftifté Eérﬁ’ﬁ]& ’a?er%‘?ep to f ul l'y

recei ve the ends or ?_ he actuator 12 in |t 2%‘ deforned, i.e.,
flat staté. ‘I“F?é"aﬁ\reb!n@é argsY adhissive BRp?P n@éeavaaﬁersdﬁctwamatﬁwal BeYotably 7
connect edgt ON@kdﬂbrfwﬁ%uﬁmdﬁiﬁe%QIs@@ﬁ@afﬂ@ﬂh&i@laﬁrﬁésﬁéandﬁbmaﬁmoaedtr&:alend of the

qui ck 8 r leas%gt%hgﬁlh%g;reéfr%s% r}%ﬁ%{g esemeac[)%n[l %edfgc o?ﬁ'n% l% cTI"f‘e pai r 022 A

pl ates 27'antf" es Of act uat or

rel ease cbg @fposie ehoaabeaeladtiayitHid Iqmefhrabhl@)noéctetdheaqalﬁ@ikcWtiﬂeease mechani sm
24. 11 12 | o2 ation, when the push button 22 is depressed in the
directi ongof Rgl(?‘%%%vnllaﬁq?B t he qui ck-rel ease nmechani sm24 pushes down on
the shafi026 and plates 27 and 28 and 14 deforms the actuator 12. Wen the

qui ct r elhgas Q068 PR féssaa Mtdhgmsamsﬁzhﬁasﬁraﬁl@@ue {bShedSdurablity am(j:l i 16
qui ck-rel eas ivots on its. hin r e downwar
pressurefr oﬁlfﬂf ngp‘ée&d?rge %épi BMghien é"?mg%&"ﬁ o e@'rh \%'“%q%%%iﬁa he act uat or
12, on 113 actramducerebretdapam@@‘tdevelqmglgfﬁlewsgﬁ lwwoahm'@tvﬂratl%’ befpractieedpr est r ess
layer 64, ,r e&v*t”%? é&Hgﬁ%Etlv ek%&n%hgg%? H@gylégra%%ﬁc@nﬁttc% Rerb@esbribRCt i on of

arrow 30 as reviously nmenti oned the applied
force calBesiafee shilityioesnseate 7 ¥oligeq 'ﬂ&"tSB‘P“S?L@ g dsforpation of e APV FYi rt ue of the
pi ezoel e@tsrl Gxa%u‘eetﬁé invdriien gaf @é,ﬁf&éﬂo@dhsm@ nafi@irenes etbslbdricaleeibent 22 67

gener ate i ant aneous V.0 e f the
act uat or The; ﬁd’}f’e&ﬁa'ﬁ? B%ﬁﬂ‘d"@éb 31085?(?'% & c%“?e é&é‘&a{yra:fsgz Cﬁ'éﬁter%%guc]eéﬁp%her nor e,
when thelﬁ orerenomaﬂ;e‘lmnwedimhy fnther Mttt stagked picaskleditic dlemenis.uat or 12, the
actuator .42 recovers its original arcuate shape. This is

20  [0068] In operation, as shown in FIG. 4, when a force indicated by arrow 16 is applied to
21 the convex face 12a of the actuator 12, the force deforms the piezoelectric element 67.
2é The force may be applied to the piezoelectric actuator 12 by any aphropriate means such
23 as by application of manual pressure directly to the piezoelectric actuator, or by other
24  mechanical means. Preferably, the force is applied by a mechanical switch (e.g., a

25  ‘plunger, striker, toggle or roller switch) capable of developing a mechanical impulse for
26  application to and removal from the actuator 12. The mechanical impulse (or removal

27  thereof) is of sufficient farce to cause the actuator 12 to deform quickly and accelerate
28  over a distance {approximately 10 mm) which generates an electrical signal of sufficient
29  magnitude to activate an electromechanical latching relay.

30 | |

31  [0069] Referring to FIGS. 3, 4 and 5: An illustration of prior means generating an

32  electrical pulse by application of mechanical force comprises a swiich plate 18 and a

33  plunger assembly 13. The two ends of the piezoelectric actuator are each pivotably held

15



25 because the substrate or prestress |ayers 64 and 68 to which the ceramic |

67 is bonded 26 exert a conpressive force on the ceramc 67, and the
actuator 12 thus has a coefficient of 27 elasticity that3g 28dee
actuator 12 to return to its undeforned neutral state. On't recovery
stroke of the actuator 12, the ceramc 67 returns to its undeforned state
and 29 thereby produces another electrical pulse of opposite polarity. The
downwar d (apgbimeis or .30 upward (recovery) strokes shegb@dqgause a force
over a distance that is of sufficient 31 magnitude to create the desired

el ectrical pulse. The duration of the recovery stroke, and 32 therefore
the duration of.the pul se produced, is preferably in the range of 50-100 33

mlli secomds,.nasda%ﬁhh@.%&es&m % @r&fs f'rﬁégﬁtcﬁlﬁla{elﬁqlsﬁ@sérﬁheshé}feta'datOr 12.
16 3 January 2006 WO 03/ 0053 P IU802121152 1 2 ‘J['t%rPZSg%éRef erring to

FIG 6.: I’n tPhcppiof ?e??%‘é?"@ﬂﬁ@iﬂ iferagly redaRayiar, fernaive! Ay 12 3
is cl arrpecB atis rauated irda dithlapsackst biea mmiramtmqitate e Irexesd(es) apiplifieaditdho t he edge

on the 1o aluedohdt cdodt o Bkl MhOPPOS Bkt s Chamedoend 121 o

t he actuator %e' for ce e on th reé end 122
of the actmat%ﬁrelazsoanfﬂcm@ly@a@ tpfplly receivettee @deentedgewfthe@cpalos@ gt is

gener at ed qupGipy aaaa.\éal Ofat e, rRS aéngbﬁaseém@ﬁﬁn{ph@ésla%sm@n ﬁza;s.daedm than a 7
single pulse as in rP“ or_ actuating means_di scl gsed t%ove 5 10 11

12 13 1 4 fgnneg_tgd t0f7hl gquxikgre!e% meghanism 4 The opposite end he quick-
8 release mechanism 24 contacis shaft 26 connected o a pair of plates 27 and 28 which

9 are clamped on both sides of the actuator 12. A release cog 25 is located along the path

10  of the quick-release mechanism 24,

11

12 [0070] In operation, wien the push buiton 22 is depressed in the direction of arrow 16,

13 the quick-release mechanism 24 pushes down on the shaft 26 and plates 27 and 28 and

14  deforms the aciuator 12. When the guick-release mechanism 24 reaches the release cog

15 25, the quick-release mechanisin 24 pivots on its hinge and releases the downward

16  pressure from the shaft 26, plates 27 and 28 and actuator 12. The actuator 12, on

17  account of the restoring force of the subsirate of the prestress layer 64, returns quickly fo

18  its undeformed state in the direction of arrow 30 as in FIG. 5.

19 ' _

20  [o071] As previously mentioned, the applied force causes the piezoeleciric actuator 12 to
21 deform. By virtue of the piezoelectric effect, the deformation of the piezoelectric element
22 67 generates an instantaneous valtage between the faces 12a and 12¢ of the actuator 12,
23 which produces a puise of electrical energy. Furthermore, when the force is removed from
24  the piezoeleciric actuator 12, the actuator 12 recovers its original arcuate shape. This is
25  because the substrate or prestress layers 64 and 68 to which the ceramic 87 is bonded
26  exert a compressive force on the ceramic 67, and the actuator 12 thus has a coefficient of
27  elasticity that causes the actuator 12 to return to its undeformed neutral state. On the
28  recovery stroke of the actuator 12, the ceramic 67 returns to its undeformed state and
29  thereby produces another electrical pulse of opposite polarity. The downward (applied) or

.30 upward (recovery) strokes should cause a force over a distance that Is of sufficient
31 magnitude to create the desired electrical pulse. The durafion of the recovery stroke, and
32 therefore the duration of the pulse produced, is preferably in the range of 50-100

_ 33  milliseconds, depending on the amount of force applied to the actuator 12.

isg



22 23 24 25 26 27 10073] Referring again to FIG 6: FIG 6 |IIustrates
one enbodi nent of a device for generating an electrical pul se by
application of mechanical force to an end of the actuatorsy jdd,anfbbge devi ce
conprises an actuator 12 nounted between a base plate 70 and a " cl anpi ng
menber 75 as well as a deflector assenbly 72. The base plate 70 is
preferably of substantially the sanme shape (in plan view) as the actuator
12 attachedwoheswese, and nost preferably rectangul ar peos2enich 121 of the
pi ezoel ectric actuat 12 is held in pl adei Bet Wil Hedl Afprihg menber 75
and the upper surface 70a of a base plate 70, preferably on one end

t hereof. The cl anping nenber 75 conprises a plate or block having a | ower
surface 75a designed to mate with the upper surface 70a of the base plate
70 with the actuator 12 therebetween. The device al so has neans for urging

76 the rfac (5a of the clanping block towards the upper surface
70a of % Egbdoﬁg" pirge EFIG " e erofarpe aRbediEent ke iniidnabe aotgsiord® ¢ he

cl anpi rig psqa@ea@t o dnemuwmmaabm@; rmpg:sdlsséppr@@mhgshgte%nmaeregpper surface

70° T mannact o &%k onflef GibtanbfER 1 oS it odevmminna 75a o e
base pl at éherfem%ﬁﬂfhe;ﬁf%wnﬂ@ f{ﬂe&tﬂé12259fti’ayaciudnlpt2mérmasag\ﬁ. theodlauigbing j aws or
Springs olpulsé et ik Q&%raté\ﬁ.ﬁion %%t%ﬂhé fbraehﬁawsginéﬁﬂg HER Pﬁtngr%a%%”p“ Sessat

| east @ne si_n hr ough e cl anpi ng and into a screw
hol e 73 SE@R?YS E%‘? 'gaccg‘ati'@é“‘??f‘s‘f’ﬁ@s%é@éepl ate 70. 28 [0074] One end
121 of 8an act uator 12 is placed between the mating surfaces 70a and 29 75a

of thegba 78k 7 he nati ng  surfaces 70a and 75a
are ﬁg e urf&g tg\%g? pisgagg,:g% Gl %@%@%ﬁ yTBRUMER, b A | gidly hold
the erld 183neting %G’S%"%Wﬁ&tb&ﬁPF!ligﬂthﬁOfpn@b@méfpweémanémd obths ectastat cl anpi ng

pl at 4170 12rTtis Hovivd cioh'l[:m&l%_e@%m&tbrtﬁ mé’uatesﬂs&wée%?a l%fserp,a% 7%%&#5“ or 12 free to
3e nmoyed By, %E-:%P.S‘é} aﬂvegg i@&p i e Imanua y or ; prerferably by a
efl ector asSe MEVUED WME sRst% R ﬁ’@'Pfeff? alp121152

[ 0075} 3 Re Paubstarjialydbe sameiha@pe (it pldnnviewh es e eftestorerd satathed inerbr, aad t he
;gvgpuu ggnb&%r@é* 55!@%@%{19%?2?@%(1 {2PoiMe idlBeO@RERAL: 52 RIBY P abife Jate 70 and

s get\%eenqhe 8ampmg member 75 and the upper surface 70a of a base plate 70,

le . preferab!y on one end thereof. The clamping member 75 comprises a plate or block

17  having a lower surface 75a designed to mate with the upper surface 70z of the base plate

18 70 with the actuator 12 therebetween. The device aiso has means for urging 76 the

19 mating surface 75a of the clamping block towards the upper surface 70a of the base plate

20 70. This allows the lower surface 75a of the clamping plate 75 to be substantié!ly rigidly

21 coupled to the upper surface 70a of the base plate 70, preferably fowards one side of the

22 switch plate 70. The means for urging 76 together the mating surfaces 70a and 75a of the

23 base plate 70 and clamping plate 75 may comprise screws, clamping jaws or springs or

24 the fike. Most preferably the urging means 76 comprises at least one screw 76 paésing

25 through the clamping member 75 and into a screw hole 77 in the upper surface 70a of the

26  base plate 70.

27

28  [0074] One end 121 of an actuator 12 is placed between the rﬁating surfaces 70a and

29 75aof the base and clamping plates 70 and 75. The mating surfaces 70a and 75a are

30 then urged towards each other with the screw 76 to rigidly hold the end 121 of the

31 actuator 12 in place between the base and clamping plates 70 and 75 with the opposite

32 end 122 of the actuator 12 free to be moved by a mechanical impulse applied manuaﬂy or

33  preferably by a deflector assembly 72.

17




pressure evenly along the end 121 of the actuator therebetween. . To this end
‘the upper surface 70a of the base plate 70 contacting the end 121 of the
actuator is preferably substantially flat and |ower surffgg iapodk t he

cl anmpi ng menber 75 preferably has a recess 74 therein which acconmodat es
insertion of the actuator end 121 therein. Preferably the depth of the
recess 74 is equal to half the thickness of the actuator substrate 64, but

may be as he substrate thickness. Thus, the f the
| SFilyasy FifyhidyS

act uat or pl aced between the recess 74 and t upper“surface 70a
of the base plate 70 and secured therebetween by the screw 76.
Alternatively, either or both of the nmating surfaces 70a and 75a of the
base and gl anping plates 70 and 75 may have a recess therein to
acconmodate insertion and retention of the end 121 of the actuator 12

t her ebet ween I00TRlRgiRSFRG NGW tf1Gt Fén e prehived aFbosimentol e divention tResuigsehg nenber

75 beyond 3 t r@a &RIGBS §F tiiebad@Bnd Wantiiylphed 70Mnki 15 bld@eadied & 26t distibugnd |'s t hat
portion t i t he bottom

h whi th 7 Th t]
ort o 7in RS nEI: ot s Thes P R nafededt b Rad herbifer "0 by
nost pr ef &r alsiiface Her ¢ thedase piatald coglaptingditpLeamt 120of theaciatof ippefecdly of the
substrate 6l hls&dg%ﬁ%gsr/ ﬁz@g""t e{ﬁﬁ r[sﬁ%%é ?59&me®an@ﬁ@g§ﬁg?rt7?%§f@¥w has Wl face 75a of

the clanping ne /5 a e top surfac ase plate 70 when
t he act uat/or repgss Hdhareis whigheageamiaqdalss ingerden of the aglagtorgrd (! AbeRbodi ment of t he

;gvengi gga t hﬁégé}m)itﬂgd@wcffﬂfég&eéﬁdlﬁs taqlalttﬁaﬂﬁé thtcltaﬁs@@fs% Aot | arrgi) ng |tolha£ ﬁs
an m a S]ve nae 0 ner, .(ratner an I W e
end 121 of t%'ébsgﬁt? g‘é{%&ﬁ{rm é’%%ﬁ%ﬁﬂ a@ﬁréeos“gﬁﬁg@gé'ﬁﬁe S tf'?‘le%%@?g‘ﬁ%?her

al t er nat ilve ecthaiai18endly bepladekd detdewm ihe recedsey4ahdip Lprgr susiaber0a of the hag base

pl ate 70 .,qay rl | t AN slot into
Rhich mag oo PERTREhd Gooed Bihan Bl 3H fich) s MeeliRlf ABscur BRRGLER |+

cl anpi ng13ss Ewngsuriaren lacesd 7 Brof e hase and clarning plgiea @ andh/S may eyt axed, i.e.,

28 undef gnnegkcsisahdeirRAUNINRal FEer i aldgetélionbithe drdg2i bare giditct22 of the

t uat 12 i 9 cl it def 72. I Mo
apeoi {1 cafly Herehevget Tk o of e bosbBy B % o o B Rt (e mat i ng
sur f aces 180a trenebesSat teb nb bentdoasith tamathetatpiangis fabpeionTgouddvhighthe75 with the
convex f a_[%e 128y 96 perista](%. %&dﬁb?tzoﬂrof the phiRfl NfadsBa ﬁn@?&n@c%@ dfr supice the 32
rn1ts relaxed state t e

actuator "12 . te s arcuate, t convex ?ace,lZa of the
act uat or 172 &0a aféhe basapialady beioest pieterablyseare s gemalbean fewalde teldielsdse plate 70

whi | e apppoaghthdtubkife hickRsLa He2cds8 dshi)dBMBEYh2RAEr NELRIEE 06888 _
T S0 1ot RIS B e YRS SR8 ol SR 0Pl o0
el ect r oaeyi v& ilesartthtérelitivden. lolpat ehatperambedimertt pi tosihveptiqm tiie mati® surfaces
21  70aand 75a of the base and clamping plates 70 and 75 may be adhesively bonded
- 22  together (rather than screwed) with the end 121 of the actuator 12 sandwiched
23 therebetween. In yet another alternative embodiment of the device, the clamping member
24 75 and base plate 70 may comprise a single molded structure having a central slot into
25  which may be. inserted one end 121 of the actuator 12.
26
27  [0076] The clamping assembly 75 holds the actuator 12 in place in its relaxed, Le.,
28  undeformed state above the base plate 70 with the free end 122 of the actuator 12 in
29  close proximity to a deflector 72 assembly. More specifically, the actuator 12 is preferably
.30 clamped between the mating strfaces 70a and 75a of the base and clamping plates 70
31  and 75 with the convex face 12a of the actuator 12 facing the base plate 70. Since the
32  actuator 12 in ifs relaxed state is arcuate, the convex face 12a of the actuator 12 curves
33 away from the upper surface 70a of the base plate 70 while approaching the free end 122

18




4 [0077] Because of the conposite, nulti-layer construction of the actuator |

12 it is 5 inportant to ensure that the clanping nmenber 75 not only hol ds
the actuator 12 rigidly in 6 place, but also that the acgygi@ly3dps S not
darmaged by the clanmping nenber 75. In other 7 words, the actuator 12, and
nore specifically the ceramc |ayer 67, should not be 8 damaged by the
clanping action of the clanping menber 75 in a static node, but 9

especially ynam ¢ state when applying a mechani Lpul se to the
act uat or hrﬂf%&gﬁsth t he plunger 72. For exanple, ref g?ﬁﬁ#&ﬂ% FIG 6, when

a nechanlcal inmpulse is 11 applied to the actuator 12 in the direction of
arrow 81, the bottomcorner of the ceramc 12 (at point C contacts the

base plate 70 hed i to t he ) at e, h 13 may
crack or ot naH i ikl 1K SRS ek BpSu bhied 1 g Red i 1 LEE o o, g
agai n to Rl Gactator[1 intreder iredaforthdhermlbctrbmtiveteleenentci7 do develep abelbetdmbsignble 16

mat i ng supf aces 75a and 70a of the clanping and base plates 75 and 70 are

very narrow It has al so been found that application of a downward
force (as |n&H°E§tB§69“5?°féP? ERIPaite, Mgt-layey CPW@”@‘P%@t@ﬂF“@MT%F st he actuator 12

woul d cau?e tnhp?gmfommeeiaemeabmﬁﬁg @émiiches ﬁcﬁbwhm:sthéactda?orhm auﬂ?wactz 0t he
upper surf.ace a BY

damage to th@l Cé@’tﬁlis% hé'gth ?ﬁ%art‘gfqg Zﬁ%p?" @Vgﬁpe‘?"*’é’ﬁﬁ%‘?d%%f%{ﬁ? *of the

i nvention t kerds, 2k asivptoc 2, phcaMereioediﬁa@[yalercerems:sMrWr elaoulgiGnot re | ts upper
surface 792 whia Aoho OBINPEALG R ol birkenPbeR 036k aiehgment 67 from

damage but al so pr ovi des e trical convex face 12a of
t he act uafor eﬁ“‘@'&ﬂ'“ﬂhﬁi@“ﬁﬁ@ stiteorieniaprlyingss HerapnigbpLIED OdheRctyaE 18 ct uat or 24

12 may beoappitt \BélplireRVFEH dxampie, Gbedibg o FRS. 8% metRanic2Pimple®] As can be
seen 1 n

G _7, gne end 121 .0of the actuato aced be en_the 27
surfacesﬂlSaa%{’H?fq‘?g'SaStf’atPhéz 'Bﬁ’ﬁr%?%&" %fﬁﬁo%ék ea%g?rggor?%rog 898 &uch t hat
only thel228(atpdig C} entacB4hecionse pietes Claod i fistherfpagied tiathe hase flde, willdle cl anpi ng
plate 754pgref, r&@k%rogg@@gag%éhé@aﬁgﬁg@gf surface 12b of the actuator 12

y

al ong the substrate 64 up t appr oxi the edge of the ceramc |ayer
67 on thé4opposite face 12a of the actuator 31 12. The cl anpi ng nenber may

however ext ed78 IReRgink Agaif WTIEX7: t A6ELhebR GuhdihatRS oleRRbes bd3kvebheedge C of the
act uat or “Eur pattasis e S0 Bhe AR Rinet otk e ALTAL® W B hace bl ate
70. The 19 3!tjzsrmbyer?io0g WD 0BicADS 8BBIMETAIBORY (24 hBizatdd h}efrr@mad) tbayer 67
whi ch ext gndge AoyR 1b96r AEEEEAG 19Tolil SaSL RS bEahR ReheRlsr B heGelMEX face

19  12to contact the upper surface 70a of the base plate 70, thereby making more likely

20 damage to the ceramic 67. Therefore, in the preferred embodiment of the invention, the

21  switch plate 70 has a recessed area 80 in its upper surface 70a which not only protects

22 the electroactive element 67 from damage but also provides elecirical contact to the

23  convex face 12a of the actuator 12 so that the electrical signal developed by the actuator

24 12 may be applied to downstream circuit elemenis.

25

26  [0079] As can be seen in FIG. 7, one end 121 of the actuator is placed between the

27  surfaces 75a and 70a of the clamping and base plates 75 and 70 such that only the

28  substrate 64 contacts both surface 75a and 70a. The clamping plate 75 preferably

29  contacts the concave surface 12b of the actuator 12 along the subsirate 64 up to

30 approximately the edge of the ceramic layer 67 on the opposite face 12a of the actuator

31 12. The clamping member may however extend along the convex face 12¢ further than

32 the edge C of the ceramic layer 67 in order to apply greater or more even presstre to the

33 actuator surfaces 12a and 12¢ between the clamping member 75 and base plate 70. The

19




2 12a extends into the recessed area 80 of the switch plate 70. This
prevents the ceramc 3 layer 67 fromcontacting the upper surface 70a of
the base plate 70, thereby reducing 4 potential for damagg jhRudpeogsr am c
| ayer 67. 5 6 [00801 The recess 80 is designed not only to prevent danmage
to the ceramc layer 67, but 7 also to provide a surface al ong which

el ectrical contact can be mai ntained with the 8 el ectrode 68 on the convex

face of theywggimalser 12. The recess 80 extends into the hasss° Plate 70
and has a variable depth, preferably being angled to accommdate t he angle
at 10 which the convex face 12a of the actuator 12 rises fromthe recess
80 and above the top 11 surface 70a of the base plate 70. More

speci ficall %erahkﬁafe?@ﬁﬁﬁct@tdﬁ&féb@ﬁ&m %r@@egof%e%ﬁﬁra’teje?df diM BlveRfpe @ Shal | ow
beneath the 13 cl anpi ng

end 82 with.ts
member 7% ard? E’ﬁ@l‘rﬁ?’@e iefgisﬁ%?re%%qw'@ %@T@at?ﬁ% Tols PERYRTES heGREMIB7 ext ends
14 into the iayelcfi?sfsmBébn&t:t:rpmmtpp@su@ae?ﬂ}ae&f(ﬂ&S)aBQplﬁtbeﬂ, theeyi@®mcisdal | ower in

t he di reqltl %%eﬁ*.ﬁhﬁfng%%%?m*ﬂgc%’ﬂﬁc &%% end 122 of the actuator 12 until it

reaches its Shal l ow end 82. 17 18 [00811 -The
recess 8@ preferably contains a | ayer of rubber 85 along its |ower surface

19 whi ch 6he|{m0]pfr%\/r§é§ss bdve d@é‘i‘d’n@%cﬁ oh@beprre\ém dfaﬁ@@ B ARTRGEEY, hien the

act uat or {5 ornmed an ower the ceramc layer 67 is
pushed | Ht il H"‘e\vefges%ﬂe‘eceaﬂz@ Wbﬁ'é?’%f#%\ %?nf@ﬁéa? B%ﬁ‘é‘P*aI“EW‘Fh B s of
subst ant isal le!ectwdeﬁabmﬁeh:b@}eﬂﬁﬁsofathm@alot‘ $2 |"ﬂi§@éd@ss dohextend2ntb Hedkgess of the

53 the sl PBb QR Bd SEHBHR Mt helreBlhtRing i 6 pDRImOa e S oy
sl i ght | y-0sh¥hickhechryex fage 1290f the@niyathr @friseshiconn @ee@ssssm and abrye thetapdat e t he

def or matyii ON giHfack {?‘@a 6f'~ﬁ%§e bl@ﬁé% I\ﬁ)'i_’e %aﬁbaﬁ e rgésé‘@d M@Fex%ﬁly ﬂtgs d c%egus hed into

the recess and rub | ayer [ he rubber
pref er aBPy ﬁ%&maar‘fjlae%@?'f?l‘”eenglsét“flﬂ}'ﬁd@x!”h‘ﬂb‘?ei’@‘@ W@F?Eﬁrﬁé’ﬁb?"eﬁ thexg facilitate
el ectriaal -clanpiagmembérn7stahe subbicdie RIst befg@rwHe thdcdrdific R@dranegerddayer 67 on

the 29 nv e t 12 IVbr ref er. the el ectrode
| ayer 98%0&%1%%%?3%28%?8&?"&%;% & e%%sgéé*}e“&%’ﬂ Iaw%ﬁlg?/épecgp KAPTON fil m
as manufiact aprsepching thelfree god F23ref fhéec’fum1&@%6#@0m$dtsmwp@rn9epﬂ‘tﬁim¢ed to the
rubber hgyeehMGw Whddp. a | ayer of adhesive, 32 preferably ClBA adhesive. The
el ectrode | ayer 90 preferably extends conpletely across 33 the rubber

| ayer 837from t he deep end 81 to the shallow end 82 of the recess 80 and 20

3 Januanyg 2[0061]\Wae 080538 &erably contains a layer of rubber 85 along its lower surface
19  which helps prevent the ceramic layer 67 from being damaged when the actuator 12 is
20  deformed and the lower edge C of the ceramic layer 67 Is pushed into the recess 80.
21 Preferably the rubber layer 85 is of substantially uniform thickness along its length, the
22  thickness of the rubber layer 85 being substantially equal to the depth of the recess 80 at
23  the shallow end 82. The length of the rubber layer 85 is preferably slightly shorter than the
24  length of the recess 80 o accommodate the deformation of the rubber layer 85 when the
25 attuator 12is pljshed into the recess and rubber layer 85.
26
27 [0082] The rubber layer 85 preferably has a flexible electrode layer 80 overlying it to
28 facilitate elecirical contact with the aluminum layer 68 on the ceramic layer 67 on the
29  convex face 12a of the actuator 12. More preferably, the electrode layer 90 comprises a
30 layer of copper overlaying a layer of KAPTON film, as manufactured by E.l. du Pont de

31 Nemours and Company, bonded to the rubber layer 85 with a layer of adhesive, |

32 preferably CIBA adhesive. The electrode layer 90 preferably extends completely across
33  therubber layer 85 from the deep end 81 to the shallow end 82 of the recess 80 and

20



PCTI USQ2/ 21152 1 continues for a short distance on the top surface 70a of
the base plate 70 beyond the 2 recess 80. 3 4 [0083] In the preferred
enbodi nent of the invention, the end 121 of the actuator égaﬁﬁa obog 5 only
secured between the clanping plate 75 and the base plate 7 t he
al um num 6 el ectrode | ayer 68 covering the ceramic |ayer 67 of the actuator
12 is in constant contact 7 with the el ectrode Iayer 90 in the recess 80
at all ti dl ess of the position of the. 2inits
conpl ete Pgﬁggﬁ@ notion. To this end, the depth of. tﬁéH@%%é%% 80 (from 9
the top surface 70a to the electrode 90) is at | east equal to a preferably
slightly less than 10 the thickness of the |am nate | ayers (adhesive |ayers
66, ceramcg |@Mﬁfue§5f3r ABbrRIsRBL PA3Be top durfacd POLESF th@%ﬁse%@?bq:le?&nd'tﬁg o the
recess 80._12 0084] An assenbly was built having the follow ng
i |lustratide agﬁﬁﬁ ions. The actuator 14 conprised a 1.59 by 1.79 inch
spring steel substrate that was 8 mls thick. A 1-1.5 m| 15 thick |ayer of
adhesi ve i I r ced one
nd 16 of 1 HoPeof Bl Shaiich B i by, o 121 G Bl B
(1 eavi ng & 0.2% sepitred hedeen theTamping plated’ 5and the hasgeriater® prdtherjuminim 8- i | t hi ck

layer of RZT-dirbdd uéyeitss%odv&ﬁ. 1RARAR, P67 éf%eca%{ﬂl‘ét%lr@qsiﬂ@oﬁs%t %ﬁ@tsl ve
| ayer. A 1-m _thi adhesi ve no net al r)y wa 19
placed in ‘a Vi %‘&H @‘cyi in Bpreresgfos af mewwﬁlawf o PP%I&QP |°§;the a 1-mil
thick |ayer céctuafaﬂmhumanwratd range of méfon. Mhlsﬁﬂdlameiiemﬁﬂﬁ@f&ﬁsﬁd (fom t he

dh I
clanpi ng 15 ocke A Sfieb? oS e Beotodd sprif et B io dRGeRyE SEhu By a1 .
The base ¥ attee m@kﬂﬁaﬁoféheda@eate Iayer@(aghese/@éaysrsgﬁ mroéayph@a? amé@rﬁsm 81 23 of

t he recesg hq@e%g@ﬁgﬁul,{%ﬂmgmep@c&@@nd tapered evenly to a depth of 15 mls
at the 24 shal'l ow end the recess 80. A rubber layer 85 having a
t hi cknesst?f 15 mils and a 25 | ength of .24 inches was placed in the

recess 8Q.3 AroeB4pah asdabl ayebuilitiavihg Melfollowing MisthitveldimeRGorRVEel agtuaigr 1 m |

KAPTON e goRdieriad ] 701G, LURPSCalsUE0 30084 SRY5S Revany e 27

recess 1 hes was secure ase plate
70 with as 28hi§@m@vwf7€@h@arve ht:\rm aammi dvgtfilerdeandt pelessiuare 9@s plagadiongend he

actuat or 112 C‘c@%%ﬁﬁs@‘r@teto@ m%ﬁ 6t %ﬁéer 468 o%%e bxﬁbs&él@ (1éa%iﬁ§’§ 8.28Mcetbohantial Iy
actuator 12 thereby

tangenti aI I y near %&E g% o the g
mexi m zi ng e &t § thg,agtgat N‘I?é“‘btp’é'é'@ ?reﬁifﬂé‘rtﬁw‘f‘ aéﬁ'rﬁ’aﬁmw?%e 31 two.
32 33| Q(B85 keMisres bothe abifesk @yer. A 1-nilnhiekiagl dfekinaive (vaiho dietefier) ks t he

I nventi Ori’9 a pYé’%étgin% 194$ ir%ﬁ%ql?a%e centered on the PZT layer. Finaily, 2 1-mit thick layer of
20  aluminum in a 1.46 inch square was centered on the adhesive layer. The tab 121 of the

21 actuator was piaced in a recess in a clamping block 76 having a length of 0.375 inch and
22 adepth of 4 mils. The base plate 70 had a 0.26 in long recess 80 where the deep end 81
23 of the recess had a depth of 20 mils and tapered evenly to a depth of 15 mils at the

24  shallow end 82 of the recess 80. A rubber layer 85 having a thickness of 15 mils and a
25  length of .24 inches was placed in the recess 80. An electrode layer of 1 mil copper foll
26  overlying 1 mil KAPTON tape was adhered to the erbber layer and extended beyond the
27  recess 1.115 inches. The clamping member 75 was secured to the base plate 70 with a
28  screw 76 and the aluminum second presfress layer of the actuator 12 contacted the

29  electrode 90 in the recess 80 substantially tangentially (nearly parallel) o the angle the
.30 actuator 12 thereby maximizing the surface area of the electrical contact between the
31 two.

32 _

33 [0085] As shown in FIG. 7, in an alternate embodiment of the invention, a weight 95 may

21




3 January 2006 WO 03/005388 PCTI US02/21152 1 be attached to the free end

122 of the actuator 12. The addition of the nmass 95 to the free 2 end 122
of the actuator 12, decreases the amount of danping of thg Qa6 b@dsi on and
3 thereby increases the duration of oscillation of the actuator” 12 when it
was deflected and 4 released. By having a | onger duration and hi gher

overall anplitude oscillation, the 5 actuator 12 is capabl e of devel opi ng

nore el ectr rgyfromlts oscillation than an tgor 12 having
no additi on{gﬁ%#%'gjsaﬁat its free end 122. 7 8 [0086] R&:@ﬁég&' glé)zto FIGS. 6

~and 7: As nentioned above, it is desirable to generate an 9 electrical
signal by defornmng the actuator 12. Deformation of the act uator 12 may be

10 acconpl S uita an S nua hani cal
def et ort 15 aiadBhndie S0 TRRRRMANCR P SR e s BY s BER™ €%
a sinpl e def |lendt!d?of i@ acigatorl 12, devcaasesdhe anauniof Bamgpingalf teesdirtipmandr oxi mty to

the free end tﬂ&aay@rfcréa% tﬁéiél*‘%ﬁ’éf o%&ﬁat:émsf%e alt%atgﬂwfz'v%ﬁ ﬁgfaéééfﬁﬁﬁd é(nd14 | ever

i ncludes a | ever "86 havin rst and second
i s pivotad y "HERME-& hp grigef fsatiopgndiigher eyprabh apiige osctigtignufher um 89. By

exerting & Jéﬁtuﬁt@fﬁ&s cHpalildner dbi/m@tngemb Sdctrizhl chdrgy fraiy B osBiflation thialan di rect i on

of arrow er. pi vo 6. t he | crum 89 and applies a
mechani calgall npu tgreﬁ:ﬁr?\"?ﬁé‘)%{d?%%ar 8‘?1536 ngierere(%g/vg 1 to the free 17 end 122 of

the actuatfor 12. Alternatively, the lever 86 may be noved opposite the 18

di recti on gof [@d&%fﬁéf&%g@@ﬁtd&@ aBEH: YR n¥ntichdd FRdve, ﬁt%sn%l&@hér%%t@& in the

direction opp05| arrow ferring-nhow to FIGS. 13

and 14a-c:? Fletgirical sanghby dfﬁ)&mﬁggﬁéwu?tﬂre“p&’%f?@ﬁ% d’”ﬁ‘? aétHﬁBrdPrF@"Ht ®of a casing
with a defql e@bwmpms:ﬂmlny suiabie MbafORicR b nABallyRELAREdNabied ddfctiohhe 23 base

plate 70 forms th base .of a, cas i.ch.encloses .t he _gctuator 12. On
Bach: 24 1 adeah TrbasSuiost w58 o Bk S e SASHRREAAS B8, O Ch

ext ends pgér peminiediodd has@ Bate70in arivémitydpths fred and 6 27 Ofthedictusins 1Bads pl at e 70.
On one end ofgefidify %%W?ﬁﬁ&udéa@%@%wﬁg firdt EnflQbROnQE ePSRAIEPIE 72. The

pl unger has an interior surface and ‘an exterior surface 27 172a, as
wel | as &4 r dvedppvofably moited bﬁ‘iﬂ’ﬁ?ﬂ *éa e 87.and §B loe fulgrin 4% Bupreffing phe
pl unger 128 ¥ofde drithefirt@ha bt ¥ tHEILHr 66linae: drB@iootckrdv 41 [Re Bvenivits 88blt of t he

i 2 f 9 173 173
Cporaa Za RS a S0 snofs sy ngicd RBuBe Y HE e fF o i W 88ee e
casi ng. Ri7ef @n@hﬁﬂ%pfthhectﬂated2eﬁt¢rrﬁﬁ®alsofheﬁdve" Bﬁlmmgemomaﬁzonpssﬂsmel ng 31 |oaded
so that the riegs, Jf?aﬁ‘@v bﬁarﬂqﬁbgéﬁﬁdd?. %9@193 SRS ER it e dlréotﬂm'%b%@slte-ro this

end, there 32 is a preferably a spring 150 held in conpression between the
top surfdde POWEE the base 33 plate 70 and the ridge 173a or interior
surface @b the plunger 172b. This provides for

21 [008T] Referring now to FIGS. 13 and 14a-~c: FIGS. 13 and 14a-c show the preferred

22 embodiment of a casing with a defiector assembly 72 and containing the actuator'12. The
23  base plate 70 forms the base of a casing 200, which encloses the actuator 12. On each
24  side of the casing 200 is a wall 201, 202, 203 and 204 which extends perpendicularly

25  fromthe top surface 70a of the base plate 70. On one end of the casing 200 is mounted a
26  deflector assembly 72. The plunger has an interior surface 172b and an exterior surface
27 172a, as well as a free end 173 and a mounted end 174. More specifically, the plunger
28  172is pivotably mounted on one end 174 to a wall 201 of the casing 200, The free end
29 173 of the plunger 172 has a ridge 173a thereon which engages a lip 202a on the

30  opposite wall 202 of the casing. Preferably the free end 173 of the plunger 172 is spring
31 loaded so that the ridge 173ais constantly urged towards the lip 202a. To this end, there
32  is apreferably a spring 150 held in compression between the fop surface 70a of the base
33 plate 70 and the ridge 173a or interior surface of the plunger 172b. This provides for

22




22 3 January 2006 VD 03/ 005388 PCTI US02/ 21152 1 device wherein an actuator

12 nounted on a base plate 70 is contained within a casing 2 200 forned by
the base plate 70 and four walls 201, 202, 203 and 204 asgWghlarpgods 3

pl unger 172 pivotably nounted opposite the base plate 70 on a wall 201 of
the casing 4 200. Because the plunger is pivotably nounted, placing
pressure (in the direction of arrow 5 180 on the on the exterior surface
172a of thegapl 172 nmakes it pivot about the hing tomard t he
top surface“@gg&gg the base plate 70. Because the pluggggﬂ%éﬁﬁlvotably 7
nount ed and spring | oaded, rel easing pressure fromthe on the exterior
surface 172a of 8 the pIunger 172 makes it pivot about the hinge 175 away

the top suifagRe é%@he?éﬁ?arp&irato? H@Fn@unte% ohQ pdEY Zﬂvléte YO oﬁﬁtgﬂéad “J'tc?]ﬁ% EdiLhes on the

lip 202a. 10 _11 hb he casing mount ed qui cK rel ease
mechani sm48% ‘i’q t§*t baée P’f@ 79}5‘F‘1’ Ry Waé!%l%f}éd2%8fk3e’=}ﬂd§{34ﬁ51\8@ @A the interior
surface 172b mihgérhe2 p:hdﬂﬁl&ﬂhmh?eﬁ dpbbsﬂélh&ﬂs@%late]iﬁ dni& mapumﬁe déﬂngM t h a

I f 70 14 Th
o or T o b 28 BERARL B ool Rl SLNE Batls Pt RIS FieBof bombl, © o1 canc
the free 95 Bhdnthe2n bie axiedorgutasat! ¢da ol e plonger (&3 malkes i pivohabout the dinge br at e
bet ween pogi tf?@fbﬁaau%%e t%BQur%%@?Oa o’fﬁleEQe% bl %B&QU%Q{JIMPQB’V&%I}SO is also

designed not to interfere he vibration actuator 12 as well

as to ret u7rn fpynigd ARd 3rFing 'Ofﬂ?é’i fﬁ'ie%‘%mgrpb‘%ss%ff%wec?ﬁ Necjedersudneg 1642 Fhe 18
act uat or . thelfhundér {70 0&8ds iRsot iduniBe RisgeMl7 Sawaylii@top surfes of thctees plaem 185 s

pi vot ably ttach tq t interior .2 urface 172b of the plunger 172
above the frde" tﬁg’efg%e g?'atc%&heéc?{"wgth%%oz%z More 22 specifically, the rocker
arm 185 i pivotably attached in such a way that it has a neutral 23

posi L1 on {1 OMToobB] il bne KBYngfiol Rla AR LEENTLAS, ALAERES 1 BN Emidshgal  Ne

actuator, but pl vot towar n;g t he
act uat or 2 fsP%ktaH%ﬁ r°ﬁ'@1?%185r5’6§‘?9t‘i‘t?ﬂ?r syrigce HiZb of e pluRgsF 4 WP Yo8E | onal

slt op 183tﬁaor FﬁScoﬂpﬁdtnoﬂfmtﬁ élﬁale!ﬁblé ﬁk1gesh@a@eommu&meraemﬁdadetpﬁte R0 o
placenen pr ent. t.he roc I O 1,V e ne pOSI t1on
D hee o e Bl sbBSselrneelient el o3 Gl g S bR TR WSl BB e P
order to 3léeepan¢lhzﬂqfﬁteleetuamriﬁlmssiertﬁaﬂwntto vibrafechgtweah ptpﬁd@nﬂ%ranv\ﬁﬁm not bei ng
def | ect edyg Tompt Emék EiRLke q%e%ﬂérhéﬁg'la%agaléorﬂe&&ma ﬁfstg é sretihite WA 8 on the

side of the rocker arm1 si-'te the st etween the rocker 30
arm 185 ad éhesa‘gpqaqu%@wllfgg) retyn to a neutral posmon for follow—on deflections of the

18 actuator 12

19

20  [0089] Referring to FIGS. 14a-c: The rocker arm 185 is pivotably attached to the interior
21 surface 172b of the plunger 172 ahove the free end 122 of the actuator 12. More

22  spedifically, the rocker arm 185 is pivotably attached in such a way that it has a neutral
23 position from which it may pivot away from the clamped end 121 of the actuator, but will
24  naot pivot towards the clamped end 121 of the actuator 12 from that neutral position. in
25  other words a rotational stop 183 forms part of the quick release mechanism 180 and its

26  placement prevents the rocker arm from pivoting beyond the neutral position at the stop

27  183. The rocker arm 185 is preferably spring loaded in order to keep the rocker arm 185

28 Inits neutral position when not being deflected. To this end a spring 187 in compression

29 s placed on the side of the rocker arm 185 opposite the stop 183, between the rocker
30 arm 185 and a spring stop 188.

31
32 ]0090] Inside the casing 200 is also a release pin 186 which is located on the top surface

33  70a of the base plate 70. The release pin 186 is located in a position just beyond the free

23




32 [0090] Inside the casing 200 is also a release pin 186 which is |ocated

on the top surface 33 70a of the base plate 70. The release pin 186 Is
| ocated in a position just beyond the free 23 3 January 2@9@,,,}(%,%6@05388
PCTI US02/ 21152 end 122 of the actuator 12 in its defl ected position, but
not beyond the rocker arm 185. In other words, when the plunger 172 is
depressed toward the rel ease pin 186, depressing wth it the actuator 12

from positi 0 position 292, the release pin 18 tact the
Qggﬁﬁss& S Muld é}égzn

rocker arm1l ut not the actuator 12. As the rocker arm (and actuat or
12) are depressed further, the release pin 186 pushes the rocker arm 185
away, making the rocker arm 185 pivot away fromthe clanped end 121 of the

act uat or ongeJ]ﬁlzue @ég&uaﬁ%”ﬂzm%é%ef’fé‘c%éi?k}éﬁt@gtﬂu't n&@%ﬁ?ﬁgr&%aﬂﬂiéﬁﬁ act uat or

12 is no e rocker whi ch poi nt
t he edge %220 wads. \al@qna@& Rlng@r 7R & deenee@décdvaaﬁbe sellﬁaﬁenyswﬁadﬁmessm its

undef or med Sm{ |9the Eaﬁ‘ét@rbm BhGobifcAtlb NG daﬁﬁd?%ﬁ tﬁ@@!eﬁéé}ima%%l @mdct292. [0091]
When pres ur g L{| 172 | | ea AJ 72 returns to
e Dndef| cleatsiaar doth ptarchier B A ire 1 4 v God Sstr 1 2sh50) by
virtue of5theeprméd3fmtrmg the‘relempmfwﬁlpesm@memg:kér&ﬁn193a:€ayvdmmgtrhae pressure
fromthe Ql u%ﬁraﬂ%épﬁo{&a ﬁ%ec?a%fggﬁd 29'0%'@'9 Etuéltgr%?rﬁé%cgéra}uﬁ 1S

undef | ected position, The r urns undef | ect ed
posi tion ?ab&&ﬁ@!@h@nyémwgﬁm tf&@awgﬂ&lﬁ@o fQ@@p“@@BDth%SPCKH gmuBSdi t he
restoringgf op&foRbod Qﬁzvh‘?dﬂrpb?ﬂ&héé’dée 1b@§ﬂtt‘1é’actdafb?1@§?él@és@d and4pfHg§ Badket UrNs to

i ts undef I ected sta in positi i.ts oscillations between

posi ti ons®29%P taHBd%?e%ﬁﬁté t@é%@ﬂ“"'af"m‘]'eeﬁ@?%t!of’??@ #dwP4 0 FIGS. 14 and

16a-d: FL&S. 14 and 1l16a- d show an alternate enbodi nent of a defl ector

assenbly 12. The
base pl a e 7@9%%%"53ﬁ ase og p%ﬁ’gg t]%g r%%géévd%iluh&%% o{'s“'ggttﬂlse act uat or
12. On edeh widgiecist Ppﬁf@nd‘alﬁl thgrld;gg()?:iagngalnstamq ilpZQ'r.ia) bpoitue of §@ regtaling04 whi ch

extends per p@&@'oﬁﬂ%b@éﬂn}jﬁd Q\%b%h& ﬂhé’Bre§édxFé ﬁﬁ;@th@%n%? 11herehas, Maake 70.
Attached to the t _,g the casin

é %sme t he base plate
70) is a 4ac@w&65ﬁ r%tzras f°dt5\}dﬂi’fi§‘ﬁ°‘?dsp°s'ﬁ%meé%f’k AN 1BRAHENTRISH 230 t hat
acts as &5 detiddefiicted pesivar@dtoye i actddie 1RageingihatstopABE) by hietge @tthel nt er i or

surface %g Oaregtnﬂ'lgafﬁrlcg Xfttﬁé ép?lFlgthH’r lta%ﬁf r%%g@at%% q‘gﬁ%g%l its%ﬁc%ﬂg 4N di ng

t hr ough SUbstant 1oa ace annel 240 has
a first Ehd si#gin mﬁlﬂowgééﬂemfé ogqiflgtions petyaen I@ﬁﬁl@ﬁcﬂ@" su2e harcicapsegd. | i nearly
along anigxis L perpend| cular to the first and second walls 201 and 202 of
the casing 200. 1n oth words, the first t he channel 240

24 of
t hr ough 1he 109921 Refering ”?‘@6’ ths i 14 37 6%a-HHHSS- Bf},ar@qiﬁafq ey agiemaly1 of t he
casi ng 290 asmbdiientedacsfbconakss2dRly 02 mbirgedth aradig 200 Ehat toning thet he face pl ate

220 is | 21 actuator 12. The base plate 70 forms the base of a casing 200, which encloses the
22 actuator 12, On each side of the casing 200 is a wall 201, 202, 203 and 204 which
23  extends perpendicularly from the top surface 70a of the base plate 70. Attached to the top
24  of the walls of the casing 200 (opposite the base plate 70) is a face plate 220 to which is
25  mounted a slide mechanism 230 that acts as a deflector assembly 72, The face plate 220
26 ‘has an interior surface 220a and an exterior surface 220b and a channel 240 extending
27  through substantially the center of the face plate 220. The channel 240 has a first end 241
28  and a second end 242 and exiends substantially linearly along an axis L perpendicular to
29 the first and second walls 201 and 202 of the casing 200. In other words, the first end 241
30  of the channel 240 through the face plate 220 is in proximity to the first wall 201 of the
31 casing 200 and the second end 242 of the channel 240 through the face plate 220 is in
32 proximity to the second wall 202 of the casing 200. The second end of the channel 240
33  preferably extends further towards the second wall 202 of the casing than does the free

24



proximty to the second wall 202 of the casing 200. The second end of the
channel 240 preferably extends further towards the second wall 202 of the
casing than does the free 24 3 January 2006 WO 03/ 005388 BG4 2081152

end 122 of the actuator 12. 2 3 [0093] The channel 240 is adapted to
slidably retain a spring | oaded paddl e 250. 4 Preferably, the paddl e has
first and second ends 251 and 252 respectively and a central 5 pin 255.

The channel yj face plate 220 allows the paddle t s,t hrough the
face 6 p|5?3@é%%ﬁ whil e al so slidably retaining the ggﬁ?rd p|n 255 in the
channel 240. More 7 specifically, the paddl e 250 extends through the face
pl ate 220 by neans of the channel 8 240, al ong which the paddl e may be

slidinadir &i,ﬁrb I to the channels' axis L, i.e., 9 fromthe
cl anped eng § fﬁ@ ﬁ&%@hgnd 122 of the actuator 12 and back. The first

end 10 251 2of the paddl e 250 is | ocated above the exterior surface 220b of
the face plsat @ooazjomebﬂarﬂa@zm Q%dé{ﬁé&@ghoﬁﬂﬁre%ﬁ?a &rin B&ie@@ﬁ%ﬁeez5a50 is located

within the ca 0 e 12 act 50 i s retained
in the deséri %Ie%i' 8\9 L 98?0 5&5% ahd “?Lsg ‘?(}i\k‘ﬁ%‘f‘{‘ i%LePH ai ned in
t he channels 241:11) 259.fts phamlm;rmhejibbe m&teEtmallommaedaddMﬁ)eMndttHnﬁjgemea’adeor 14

surface 22 %b Eltesiéé fv}hge ﬁgl} siéébr &r&{aﬁma g.%an i a'ljﬁg 2%5 i %%Ehé?lﬂel%éé' McPs P2SS

t hrough, as nterior surface

220a is sufffi | éveeﬁﬁa"md'?e Raddle Baltrxtends digugh ihe face late 280 papeang ofdbssehannef ough. The
wi dth and Rei ahd, aBfig difigh tﬁ@adaaelma%e s :ﬁbhfecﬁrﬁhgnafaﬂé]%tﬁé éﬁaﬁne?azﬁ’xls 1.173( bet ween

the interiaqr and ex i f e

accommdatg ?%mffﬁéﬁ\m 8‘??{“ 1%&@5? E?ﬂe@f zfﬂfgh%@ﬁ{aioglpfﬂdﬁa %h it |eE i s wider
t han t he witdt B51df tHelpadparhil ielocald avppethe axatiol awece 7208 dfitieefacelde 2200 252. 20
21 00941 he a di stance
abO\[/e t he a'f' %%%egrgﬁhgeunr%? ace uﬁéz%gd@? g?ﬂﬁ%c%a%gmﬁngéﬁgé%oﬁ%tgg%ét 0 be

gr asped nﬂﬁua?qityﬁfor'l'fﬂeﬂ@@é@ﬁcﬁmw eteingd pgize @ECFPH%P®&@MWW%© ofptheple 2bl y
extends i ABO Whigh B iR iRAL cRanbdISUANREs, #RANEH bie chalﬂwemblé%é’éxtér%rSUCh t hat

t he paddl e 250 e ont ct the cla /or 25 .cl anmped
bna 51 of 41 iR 229D GreuTSeT g the e b BT FriaES TiEoings & OROMIE ang
defl ect 26 t highd cheencbl &t 12 iradriot Hiefacec2alda tsauifidignt fof ke ppraﬂhjb\eer%mom s al so

pref er abl ﬁgh' ?Qﬁg stIstﬁ E‘@Whe%ﬁ&ﬁgﬁﬁﬁegbﬂ %&%%%ﬁﬁtﬁﬁg&%&%&?ﬁ@ or the

channel manner t hat
al | ows t hé%eﬁ@h@eeha eres@r g emev@tswéme%?m@hed ﬁﬁoﬁyeswe@btﬁeﬁcammg@e pi n 255

when travebl i 6@ widh sHathehi df feicOitraPpih 2580 whibihe wideh®an th&wRhe BBlp¥ddid he second
end 252 19 upper and lower portions 251 and 252.
20
21 [0094] The first end 251 of the paddle 250 preferably extends a distance above the
22 exterior surface 220b of the face plate 220 enough to be grasped manually. The second
23  end 252 of the paddle 250 preferably extands Into the casing 200 a distance e{bove the
24  actuator 12 such that the paddle 250 does not contact the clamping member 75 and/or
25 clamped end 121 of the actuator 12, but also far enough that it may contact and deflect
26 the free end 122 of the acluator 12. The paddie 250 is also preferably hinged at the
27  second end 252 (within the casing 200 or the channel 240 at or in proximity to the central
28  pin 255} in a manner that allows the second end 252 to pivot about the hinge or central
29  pin 255 when travelling in one direction but not the other. Preferably, the second end 252
- 30 of the paddie 250 is hinged in a way that it may pivot when the paddle 250 is travelling
31 toward the first wall 201 of the casing 200 but not pivot when fravelling towards the
32  second wall 202 of the casing 200.

33

25




30 of the paddle 250 is hinged in a way that it may pivot when the paddle
250 is travelling 31 toward the first wall 201 of the casing 200 but not

pi vot when travelling towards the 32 second wall 202 of tygamasy dee200. 33
25 3 January 2006 WD 031005388 PCTI US02/ 21152 1 100951 Preferably the
paddl e 250 is also spring | oaded so that the paddle is constantly 2 urged
al ong the channel 240 towards the first wall 201 of the casing 200. To that

end, 3 thergai pring 260 hel d between the paddle Mg |r'st 201 or
second wal Iﬁgg@&?g’st he 4 casing 200 or nost preferab %e spring 260 held

bet ween the paddl e 250 and the first or 5 second end _241 or 242 of the
channel 240. In order to urge the paddle toward the first 6 wall 201 the

SPING 260 oboftphRSINEL o) 16308 TG RGN I nBRAEl s 250eAR0 the 11

end 7 2 he'C 60 is held in
conpr ess? onUl’g@Ctﬂlmeme tﬁanmb?‘l@m% tmﬁ‘@Bta’ﬁﬂﬁm lpbthe m@oaﬁa ’i@lﬂncbf t he channel

240. 9 30 ﬂ]@l@?@%;md ﬁaol%fa\b'e%én ithbada%\an&&emﬁé@ldas@een@&émﬁerthéZ nount ed
on a base | at e contai ned w a cas 200 nglfséo t he base

pl at e- 70% f%&“g\%%ﬂ qrﬁ’oémefe@@ﬂtheferg‘ggﬁﬁhe'dl@%ﬁtrﬁﬁ’& ?53@@" opposi te
t he bases pl sdcendend 2861243 6f m&@aﬁrwuzuoeln%'&@raosnrggltnwtﬁbdﬂytoiwardnwmted pl aci ng

pr essur €, g IItZJa? thglsérller\%%g& L eC{herﬁ?lH é\vye 2%% he eeé'lgg ;Ea%d!te Qgﬂ %&ﬁi]thé firgt%kd end of the

14 paddle MakES | along anne e second wall 202
of the casi? of e 230ne BéG aumestpredergitite spripbPOiissheld it derbirgssivn eiwe’h and spri ng

| oaded, gelﬁgﬁédagﬁﬁgmé&mﬁgdfﬂgmtﬁmam@be 250 makes it return al ong
t he channel 240 toward the first wall 201 of the 17 casing 200 until it

comes to’rest against the first end 241 of the channel 240. 18 19 [0097]

Ref er L [ n@ t Pode] Es prbﬁa%stdi?r dehiee wingleh a1 aunpesr 12)mbtir1temlrbn%55hsé slatpi79 Bt abl yf
attac e a e i i sur face
220a of cqné(tpgé aecaf% PWW"&’ %??1‘%{% 56; i?or%[ gwﬁ%g)ﬁ ! 'azgt%\?({a) rlri{je act uat or
12. Mor b2 S p%lahd @&Mz platetopposjiathe besel RW%TD Benausedhe Ridlei280 isplaply vot abl y
attachegsi nm%@a ﬂa&ﬁ%r&sgﬁé (|h ¥heralﬁ‘§:t|@n &%H&vﬂ Qd1 dﬁ@ﬁé 6diﬁ’é‘2§1rfﬁ9§frbmw({é it may

pi vot 23 away f he actuator, but will not pivot

t owar ds14 hep%’maﬁ’ﬁé“éf it SEQP %‘?ﬂﬂ’ ”192‘1‘36'?9' %ﬁ’i’éo‘%?é‘{ ?]%???P"dl‘ﬁa”fzroaﬁf thecgel nﬂeut ral
positions | ZOOOBétéuse\MH[ﬁiﬁdlé laeo is BiR1aBly mburttdmeand 3inp addée redaBingpressaret s t he | ower

gg; Ia? In %52 i %;Iéﬁé%h 8%5 grg{&fiqséioh %nngll 2t4ﬁ %%JgH tRQ{‘ rstovﬁaﬁ C2) 7%1‘&%83,8]2 8|1;'
toward 17 casing 200 until it comes {o rest against the f‘ rst end 241 of the channel 240,
18
19  [0097] Referring to FIGS. 16a-d: The paddle upper portion 251 is pivotably attached to
20 the paddle lower portion 252 below the interior surface 220a of the face plate 220 (within
21  the casing 200) above the actuator 12. More specifically, the paddle lower portion 252 is
22  pivotably attached in such a way that it has a neutral position from which it may pivot
23 away from the clamped end 121 of the actuator, but will not pivot towards the clamped
24 end 121 of the actuator 12 from that neutral position. In other words the shape of the
25 péddle 250 prevents the lower portion 252 from pivoting beyond the neutral position.
26
27  [0098] In operation, when the paddle 250 is moved {in the direction of arrow 281) toward
28  the second end 242 of the channel 240, the paddie lower portion 252 contacts concave
29  face 12¢ of the actuator 12 and commences to deflect the actuator free end 122 (away
30 from position 291). As the paddle 250 continues to move in the direction of arrow 281, the
31  paddle lower portion 252 depresses the free end 122 of the actuator 12 to its maximum
32  deflection at position 292 when the free end 122 is directly beneath the paddle lower
33  portion 252, When the paddle moves further from this point in the direciion of arrow 281,

26




28 the second end 242 of the channel 240, the paddle | ower portion 252

contacts concave 29 face 12c of the actuator 12 and commences to defl ect
the actuator free end 122 (away 30 from position 291). Ag\,g,laedrpg{gbﬁ e 250
continues to nove in the direction of arrow 281, the 31 paddle | ower
portion 252 depresses the free end 122 of the actuator 12 to its maxi num
32 deflection at position 292 when the free end 122 is directly beneath the
paddl e | owe tion 252. Wen the paddl e noves fur m t hi s point
in the di re@?ﬁ%ﬁ’%% arrow 281, 26 3 January 2006 WO Oﬁ?fg%&

PCT/ US02121152 the free end 122 of the actuator 12 is abruptly rel eased
fromthe applied deflection of the paddl e |l ower portion 252. Upon rel ease,

th d 22 t at t
e erge 222 Rl SRR B BALLONS, BRGKed o S0P EhOLTES u3' 3L @
rel ease of? prpe@%ajpeer(norhona@ dipcestepsmthe edger 128wl B8 ajtudiord@springs kit e 250,
the paddl & theRiclrRNESte hfboglﬁcﬁ'u 2@"! rtﬁéféﬂy% t!%img?ﬁ%&% %%uon?fg‘[\éh& by of the

restoring force of the sp rlng e returns towards its
undef | ect éd HER Fle85F FFPERELI® “Wﬂé‘@"q@f a‘@?‘l‘ﬂé &) yforgthe ppgilie PRLMRAINS40) | t he
free end 122 tigh bl ingieltib&ibn at%rrbw 280 By Y@ bf B kesddiinl o dﬂfh@&[&"mgﬁﬁﬁ agai nst
aopl i oa 1 & s rhaimE 2R kiR BRRE S iRl Bel AR kB st RE Vel of e
upper por t%i orhe cﬂ@mel 241% thedmelencpt%td id)ﬂa@@or[ﬂﬁmcsltiemfc‘ﬁ]tapplieepr‘ﬁissn@ed central
pin 255 ofg t hg,Ragdidver é@rﬁd:ﬁr%ﬁ Bhe m&!g?ree ené)nm'éy %?esg!ﬁgba traveled in

the direction of arrow beyond uator, the
| ower por t% oRPRgDiothg RAdHS lqvsr ﬁ’ct"@“lﬁ’ﬁi??é'fel e tigsgtiqn et 9f et ugps POfRle  pi vot i ng
of the paddl @51, maedwepportiorz522ats abduohs hihGer deatl bin 2856 thedati@é, Withr the i t's

I d he .f | 240.
100997 widn: ERSCnE" p3350 397 e Parebt s dbier o ot 2RI PR 1 o) eased
(ei ther lFandad dfyhemctuabr,nite laweal @briacise retiassionb bydefidtsi (atbeatystata. Thegur es 6- 7,
or 13-16)3 tBﬁotﬁ&gftﬂ%ﬁadd%ﬁo&éﬂﬁorﬁ&%éé%l%sJd?e pa@%ﬁ§d$@g@tﬂ!s¥:hﬂ&l boar d,

oscill ates bet ween %om t1ons IS is because
the substifat EndEHRFISROSHPLE hefigy 8 A otiprictesne! 84Gwni ch the ceranic 67 is

bonded exert a corrpre55| ve force on the ceramic 67 thereby providing a

restoring_fo fore..t actuator 1 S coefficient of elasticity
or Spri ngacoﬁﬁ)ﬁ%lnt %ttﬁ A 1gagh§e?cﬁtg¥'o§ifﬁge%erc{e?§n g'e'? 'ee[eﬁ?er? {E? i ts undef or ned
neutral df/at eaaualipordising erde@iby askhmbly 63wich bainifigureo-7tdnd3-4@)t haersh 1222 has t he
wavef or m;gf @ftﬁ@éﬁﬂ%@b h@rrﬁﬁ},ﬂ d t?\ﬁlll ﬂo@rrd'&elfl?t@sgbdcﬁand #ehlﬂl?éh&é%h‘ﬁgsltlo FI G 1 Ca.

I n ot her words, e oscillation of ree en of
t he actudfor %Zarﬁdgg%tt'rhlst'%be’r‘?ﬁ%? MgrEHbsRE And presiess lsyerShieRY O M F'i'ea f ew
osci | | at izonscafhiesy is Hoh@adreeb:e@mwéssmdw(:eeﬁ reeedlic 7RIty @rdvidingat he free

end 122 the act.uat g uat or. ues to vi te, the
ampl i tu dgﬁgr 8togrinq forcxa.ec Iél osree %he Oa\e@?tort ﬁ%@s a coeffmentgfe%sftcl or. spring consli)aln"f1
22

that causes the actuator 12 fo return to its undeformed neutrai state at position 291. The
23  oscillation of the actuator 12 has the waveform of a damped harmonic oscillation, as is
24  Hlustrated in FIG. 10a. in other words, the amplifude of the oscillation of the free end 122
25  of the actuator 12 is at its maximum immediately following {within a few oscillations after)
26 the release of the mechanical impulse from the free end 122 of the actuator 12. As the
27 acluator 12 continues to vibrate, the amplitude gradually decreases over time
28  (approximately exponentially} until the actuator 12 is at rest in its neutral position.
29
30  [0100] The applied force, whether by manual or other mechanical deflection
31 means 72 causes the piezoelectric actuator 12 to deform and by virtue of the piezoelectric
32  effect, the deformation of the piezoelectric element 67 generates an instantaneous
33- voltage between the faces 12a and 12¢ of the actuator 12, which produces an eleclrical

21




“(approxi mately exponentially) until the actuator 12 is at rest inits
neutral position. [0100] The applied force, whether by manual or other
mechani cal deflection neans 72 causes the piezoelectric gohhadrpbode? t O
deform and by virtue of the piezoelectric effect, the deformation of the
pi ezoel ectric el enment 67 generates an instantaneous voltage between the
faces 12a and 12c of the actuator 12, which produces an electrical 27 3
January 2006 WD 03/005388 PCTI US02/ 21152 signal . Furtherm)re when t he
force is relBP® om the piezoel ectric actuator PREUSIEIR At or
oscillates between positions 291 and 292 until it graduaIIy returns to its
original shape. As the actuator 12 oscillates, the ceramc |ayer 67
strains, becaonmn | t er nat el more conp d and | ess co ssed. The
ol ar ity of - SHANTuRISGR G e oh; PTREY (a8 apEriek s S AABaRS on e
di r ect i on2of attimorsbeites, betvaeh fosidoref20t end 292emm¢tlgaaﬂually retumstid its origimb age
gener at ed;i n @Efp/{a%ﬁéééﬂj%hdﬁz ?s%ﬂé}éé b2 c%% ePé’} &raln%éegomﬁgﬁ?tel)ﬁgﬂeﬁra

generated in tension ore, 'as t tuator osciiTates,; the
vol tage pfodBEEFomyressed ap@lesmoppreasesndhe Pwtydﬁﬂielvpimesmﬁ)\@?@@eﬁﬁea positive

and negat iVecsahkager é?Qfep@]deH Bt bkt of EHe%'ﬁam Eh@the@ﬁ&@iﬂe%ﬁlaﬂ? ofthe

osmllatlg %gdther ore the duration of eosé&@ﬁt'% ‘gtrlcal
si gnal odVXEee gﬁnsra%fﬂéff RSN 'ﬁ"FEH‘?é'tertaHGé""B'f‘W PerRieLfonds,
dependi ng7 ontensien. Tharplere, antbaiadiiateg 120wtillaies dive volidge fpatdced apfhkicedmico t he

actuator 42. Q04 o;rﬂﬁte‘éb&%{n ajﬁagm\% a?.@%\%ga%é\%f@g}g‘?%%raﬁ& %(E-]“ﬁw or 12 is

applied to downstream cCIr ected to the

act uat or 32. dwgtfos obthe esdillaticn) ang thegeferp thetdugitiercof thppseilatingaigeicelsignelo t he

el ect r odeg 90phiceh iexbRRES i thd @ndéﬁﬁ@ﬁ&ﬁﬁﬂh&o%%eﬁé}ﬂh?%ﬁ thelshabe, €l ect rode
68 on thg COﬂVWﬁ face 12%«4’?&5 aﬂféﬁtor % Preferably the wire 14 is
connect ed! t oMPHENGPAATY °5aR'E DFUFRE 1Pecess close to the end of the
base plate 70 opposite the end having the clanpi ng nenber 75. A second :
wire 14 C ted directl I , the
substrat %§64?§£?e]§h acﬁ‘\s_e ei%"ﬁ%mg eg% éé d %ﬁ #ﬁlﬁﬁ)&fﬁlgg ! ggg‘g‘%ﬁrgbn&f t he

act uat or 14.2. cifcgit gemerieyiawirgsrig comnertpdso tige adiyster a%NPaQQB’PC'fm"W gfigbhMigect ed to

circuit @9@%§@5ﬁect@@ﬂlﬁéél&@@ﬂe‘gﬁ vﬂfc«demeﬁa 96 MR etk & A andbortdcind for
actuation of a % nitiator

circ co nent |nclude a
rectifi e}631e'e‘§r°9% & afBe Py fﬁ‘fec??aﬂg"?'e aﬁ“fﬂéﬂégd%?fef&g‘e% #81y conprising
a peri pher al cinnémed tathe cotddedD batsidé B tk3) recdss plpseats thaehd ofabae lease Plate Mener at or
50 and ant en e si gnal of
Bl on ar PSR nderngdnd e SRR, hQfbtHCA Qbhyd i3e Bpfidd gl 302, | 0
recti f i ed9 el eélnerﬁlretazrestreqsgayan Bdpife. [theubstte & whigh acts ap g clpdiede eigtil ated to a
subst ant @l | yonbdlisltReNpy i thedftatoP{ef erably 3.3 VDC.

21

22 10102} Referring to FIG. 8, the actuator 12 Is connected to circuit components

23  downstream in order to generate an RF signal for actuation of a switch iniiator. These
24  circuit components include a rectifier 31, a voltage regulator U2, an encoder 40

25 ‘(preferably comprising a peripheral interface controlier (PIC) chip) as well as an RF

26  generator 50 and antenna 60. FIG. 10b shows the waveform of the electrical signal of FIG
27  10a after it has been rectified. FIG. 10¢ shows the waveform of the rectified electrical

28  signal of FIG 10b after it has been regulated to a substantially uniform voltage, preferably
29  3.3VDC.

30

31 [0103] Referring now to FIG. 9: The actuator 12 is first connected to a rectifier 31.
32  Preferably the rectifier 31 compnses a bndge rectifier 31 comprising four diodes D1, D2,
33 D3 and D4 arranged to only aliow posmve voltages to pass. The first two diodes D1 and

28



10103] Referring nowto FIG 9: The actuator 12 is first connected to a
rectifier 31. Preferably the rectifier 31 conprises a bridge rectifier 31
conprising four diodes DI, D2, D3 and D4 arranged to only ghqugwl tive
voltages to pass. The first two diodes D1 and 28 3 January 2006
03/ 005388 PCTI US02/ 21152 D2 are connected in series, i.e., the anode of D1
connected to the cathode of D2. The second two di odes D3 and D4 are
connected in series, i.e., the anode of D3 connected to the cathode of D4.
The anodes ¥9%P¥s D2 and D4 are connected, and t hePCHYRHHER of di odes
D1 and D3 are connected, thereby formng a brldge rectifier. The rectifier
is positively biased tovvard the D2-D4 junction and negatively biased
toward the on. Wi Les 14 f t he .ac or 12 is
el ectri cgl I )B%C en%%@?%ﬁ'"b%f’%e%%%@“?% %'}?CtS'ii todh ‘ifg?d?ﬂft'%n 02, wher eas
t he ot he? wseagnd Wododenizicandd4tage anaecxtqdposanealéabeanodé oft ecoandctesitor 12) i s

connect eg 't thelcifodelth B4 1A afdaeC biRfifiRs BE aft1sh 48 conflifed LUHhS QhBLs orl 0des DI

and D3 are connect ed ground capaci t prefer y connected on

one si de’t odieffe %?FP)@3FWPW96Wdéh%IBWﬁ°rﬂf§ @Fﬂ@ﬁe%lf%e“@ffeft“ﬁ%!iscapam tor Cl |

to thf D§- Paosmvuy\sizaseemcmam 186 02 D4 @iclich@hd@ hayatveR b![é@édtaﬂﬁﬁﬁﬁtmﬁﬁﬁh lSI dg ?f tEe
rectifier fro refore,,.any negative v app ied to the
D1- D2 juncthB% ntei?gﬁ’fﬂ"ﬁm%ﬁgtaidgﬁtowzl' &e‘iﬁ% "P'HPSt&gh S4B DL or D3
respecti Vel junetion gfrchnglaiimaﬁdmtwheeeasdietcwh;emnammmebtediottl‘rme:pﬁnsnteBﬁe junction or
the D3-D4 | biifid hdifichhais RS AYGRh BFRSIeDBs Ok %T&?jﬁﬁ%ﬁﬁbﬁ’e' y to_the

D2-D4 junction. waveformis s 0104] The
circuit &l sﬁ'oﬁrﬂirﬁf‘%% a'& CO@JTGF‘%EO Qre@mAa?asﬁcﬂewﬁmreﬂeraéwﬁwepte ohmgni t ude of

g P11e i npwb ebrﬁac‘&ﬁdeit@ﬁlle D&ltgf]ﬁictldi%d $h [r@@fﬁeﬂildéd?ﬁ)efcﬁfécitdcr%ﬂz to3fhe E:'Ebﬁ r %tzst :Z)];L ier
is electrica conn tor Wi t he

junctio COJHH%I(?? @é‘)}/d[ ehtof ga?e%? “ﬁg?’?%?acbﬁ@ 9‘3‘?‘[9@8 OgTask 8Pehp and with the

D1- D3 j tAct Tmnefoerang otgiive \oltages apmdediodhe D12 jgrotiendat tipi PB-D4 juhdtien will t age

regul at : I LTI 121
o hlgp vo?? agga SFQ' gﬂéﬁgg&géé% Jr%@%@&&&%&{% gfé?]ﬁ@ S&Q% VBI%P o %ﬁg&g{ﬂ? g% vol t age
Bf or

wavef or if i sD3BGHIAN PrihgPED4 unetion mdfl Raghipropgedodgs Q&B"s'?”a"ﬁﬁﬁeail"leb’ ) m vol t age

signal @f 3D§Du@1n&tﬁ>nhmlrézﬂr@vewéfa;trm@hdoin ARl ki mat el y 100- 250
mlli seggn depending on the |oad applied to the actuator 12. . The

regul at waveformis shown in FIG 10b. The out put vol tage signal from
t he vol 1age[osmml at ofhe(cirtuittalse chfoprisepa nltagerpguidiaii2behichr@ntos t ted  vi a

-anot her iL@OanH&'BtQJe otfaembgt &Y s%%ltctﬁ\bns%ggn of e F&Etﬁ@rrmt ehecrgama%ﬂ.é’e posi tion

of are romone position to anot er ab@’: however ,
t he out b?ut geticalysopnpcteg éﬁﬁw\eﬂi@@dewﬁ*%&wmawe&?c%wiwmae%ﬂ €gener ati on
secti on2®0 vih pinleeth6 vdl@YE tegulator U2 and with the D1-D3 junction connected to ground and

21  the ground pin of the voltage regulator U2. The voltage regulator U2 comprises for

22  example a LT1121 chip voltage regulator U2 with a 3.3 volts DC output. The output

23 voltage waveform is shown in FIG. 10c and comprises a substantially uniform voltage

24  signal of 3.3 volts having a duration of approximately 100-250 milliseconds, depending on
25 the load applied to the actuator 12. . The regulated waveform is shown in FIG. 10b.. The
26  ouiput voltage signal from the volitage regulator (at the Vout pin) may then be transmitted
27  via another conductor to the relay swiich 290, in order to change the position of a relay
28  swiich 290 from one pasition to another. Preferably however, the output voltage is

29  connected through an encoder 40 to an RF generation section 50 of the circuit.

30

31  [0105] Referring again to FIGS. 8 and 9: The output of the voltage regulator U2 is
32  preferably used to power an encoder 40 or tone generator comprising a peripheral

33  interface controller (PIC) microcontroller that generates a pulsed tone. This pulsed tone

29




[0105] Referrlng again to FIGS. 8 and 9: The output of the voltage
regulator U2 is preferably used to power an encoder 40 or tone generator
conprising a peripheral interface controller (PIC) nlcroggghﬁggbgﬁsthat
generates a pul sed tone. This pul sed tone 29 3 January 2006 WO 03/005388
PCTI [ 7502121152 1 nodul ates an RF generator section 50 which radiates an RF
signal using a tuned loop 2 antenna 60. The signal radiated by the |oop
antenna is intercepted by an RF receiver 270 3 and a_decoder_ 280 which
generates a ?$¥§V ulse to activate the relay 290. 4 %’?%%Hg? The out put
of the voltage regulator U2 is connected to a PIC 6 mcrocontroller, which
acts as an encoder 40 for the electrical output signal of the 7 regulator

U2. More speC| fical t he out ut C uct r out ol tage signal 8
(on na Ty TR FSF 9o RenTL G (e AD A S5 4900 E RGPty sl o
encoder &0. aﬂfyrpﬁﬁo ‘Bhajdignaegdlstbebytbame;daxﬁérﬁa Biirtsrcaptdthy ah REreceiver@fdide t he

ei ght - pi ?é}fci :IQ: I m dr ange Pl Cl 6CXX
and the El gh %@é& h% é%%%:(rela}'% %E%Cﬁ@%rﬁ@rgi ?ers enpl oy a nodified
Har var d, 4Rl SC architecture that support various- 12 width instruction

wor ds. _Tbe qa@ﬁat hs-n@r t fHiifleSvoltdd Pag u@ﬁﬁuiﬁeoﬁr@&éawm@n widths are 12 13
bits wd;for t Xl Pl C12
|

XX flfé {e wide for th
Pl C12C57 PTH%;W aﬁ‘f ay gn gRgodendp s the g C‘f‘FPémﬁPL&f*ﬁ@kR‘ftlf‘# Cl 8CXX.
Pl CM CRO® arsgulaterdiid. Moleespatifidaliyo the-olipueodductpr faghaonimib vatagdiRilsl | ash and mask

conpr 1 9ot f SPREER 33NRE eSaietiy e b B Ao Bl a CPARECT 40
feature & 1af r%al%teﬁbﬁqurm@mwpoawerss'ﬁuqiqm@@@h@@é’i(ﬁ‘t?&ﬁimam BIC12(&ix.18

oper ati ng vsésbmwmfacaxSmar@hdeﬂmcqafuwarnume%gh@ncﬂbmmxmﬁm@m oscillator,
on- boar ROM 19 data rrermrcéreaﬁﬁwarggmgg ack, The PI C12C671 is a CIVDS

E
m croc oﬂf‘ r olM1e8F COOUSF R PRIGY AP %tﬁat SHEPR Y% ns and
cont ai n&2 10@|dbhlnbtr\m:bdmmfs The dgiagaths 248 b:mmt gnd tlaa"ldstﬁjzﬁbnlmmtmm)iz user RAM

with 10 4 @-@@ é‘(\[)eé
har dwar g@étg%@&ggpﬁ&ﬁ%q?%%%s&%cg b?ts g'trl?dl'br a ?Xlﬁlgl‘ 5 t| rrer) and
a four-éhanﬂﬁe‘lﬂltswemrtthe)eﬂ’lgﬁ@ﬁvlﬂﬁﬂ%ixx EI@MKZ@?{ Feevqlantpwitnenegiie of the P I C
nmay 'nChS'deprSQIrHWnsble EPR@MOﬂasﬁﬁMEI WaNGOM The Pt 1 BExaricaeciseduppdry of ot her

BerTea OF bPHEF TERER, D RbRRLH TRt SEE TR %lpmdﬁﬁ%ﬁf 50 and a |
posi ti vé7voPICapesXXx ﬁﬁiupﬂsﬁa&nabh#brﬂ-ﬁst&c%@@et shiedl pelekagd footprirdd, lawach puI se
(pul se % dt Epereitiﬁg \%ﬁgfer JFZ%%HQ Yntérlquts handling, internal oscillator, on-board EEFROM

19  data memory and a deeper stack. The PIC12C671 is a CMOS microcontrolier

20  programmable with 35 single word insiructions and contains 1024x14 words of program

21 memory, and 128 bytes of user RAM with 10MHz maximum speed. The PIC12C671

22  features an 8-level deep hardware stack, 2 digital timers (8-bit TMRO and a Watchdog

23 timer), and a four-channel, 8-bit A/D converter.

24

25 ['0107] The output of the PIC may include square, sine or saw waves or any of a

26  variety of other programmable waveforms. Typically, the output of the encoder 40 is a

27  series of binary square waveforms (pulses) osclillating between 0 and a positive voitage,

28  preferably +3.3 VDC. The duration of each pulse (pulse width) is determined by the

29  programming of the encoder 40 and the duration of the complete waveform is determined

30 by the duration of output voltage pulse of the voltage regulator U2. A capacitor C5 is

31  preferably be connected on one end to the output of the voltage regulator U2, and on the

32  other end to ground to act as a filter betwsen the voitage regulator U2 and the encoder

33 40

30



29 progranm ng of the encoder 40 and the duration of the conplete waveform
is determned 30 by the duration of output voltage pul se of the voltage
regul ator U2. A capacitor C5 is 31. preferably be connectgd,qprpngoend to
the output of the voltage regulator U2, and on the 32 other end to ground
to act as a filter between the voltage regulator U2 and the encoder 33 40.
30 3 January 2006 WO 03/005388 PCTI1JS02/21152 1 2 [Oioo i Thus, the use
of an IC as_a tone generator or encoder 40 allows the_encoder 3 40 to be
pr ogr ammed W{’% ¥%%%ari ety of values. The encoder 40 i ¥HEHEBIZ of
generating one 4 of many uni que encoded signals by sinply varying the
programm ng for the output of the 5 encoder 40. More specifically, the
encoder 4Q can generate one of a billion or nore possible 6 codes. It is
al so possithl e and desirable to have nore than one encoder 40 included in
the 7 cireuitpobspr derrhdsothgesfee:fatleaﬁﬁﬁ@etgh&mt@neem@ﬂaﬁallmmmwtewat or or

transmtt ar. 46"(& l%r a%rﬁ(e’d w;tﬁa Q%%W%P\meg a‘Fhe%H 09&' 46175 ctagz%ke%f @e&tﬁ §, and

mul tiple pul se modi Pl eati on auber el £ T generate
a vari ety 4of Oﬁlﬁﬁw@lwﬁﬂ@@ﬁ@d SEWW|S@DWA(BW@@ tmap@wmm f@m@d@m oﬂtbe 10 may

conprise gne eﬁéodéiﬂb%éré‘!&'&ﬁt%ﬂys mfe%ﬁéydé}gfoéarﬁg:ehérgﬁ ofd 5f‘é%illfon¥\‘rﬁd?e skigie! stor and
CapaC| tor 11 ¢t uare wave havi.n a requency

det er mi ne® byOdsh t'??ﬁs"c‘g’ﬁ%“?!%?ﬂd dG‘F’rab'i? rla}‘ﬁ'ema'ﬁgﬁﬂgﬁ’e fgoden 40 in '01*(991 The DC
out put of 7t heiraudintoaigetorgegmtatnore thad oanebdé fam ocketlatotidr fretsmitfer. nlneInatélﬁ encoder

40 e coRneGhthubied oFFBRIELELAO Rl SRABIEH A GplRkshLFher 201 v be 16

connect ed on one éen e €Nnco e ot her end
t o ground %t o useizoggther tg gengretg ¢ Yeélﬁty planigeeenceded swgnﬂiaaa@ma!ﬂwtmcomﬂmlr

gener at or 050maﬂ!&n Ee QR Rveraids b %he%tcﬁcﬁtwtﬁ 5‘%136! dngehdacpnnect ed to
t he encogﬁr n ¥o|tage re%ylator 2 throug a. 19 bi olar junction
transi st (&?p}zp@o whidh 133 sqe %@V'"%Ffsqtﬁ%éﬁfﬁm%dw he {Geeopsiankofci r cui t 20
consi st s 1af ¢hereasdaatot circuit conprising an inductor L2 and a capacitor C8
connected;to 21 each other at each of their respective ends (in parallel).

Either the capacitor C8 or the 22 inductor L2 or both nmay be tunable in
order tol4dj usLo2ihe f Frafifepuinut ofthe doliage sepniatol Y2 ardithe caped puidithect or LI acts

as an RF16h0kguoddisb Bre%&%e@t@ﬁjto%ﬁ ﬁF@@nérﬁ&%@tIQ&apHﬂoﬂﬁm@%@éﬂaﬁl C.;.-t hte out put of
I n or

connect ed bt o SaERE 1B RE ' g oo opie FHENY 30,689 SR LPnEBLIOGoURY B e abi y.
t he RF choke attrad b ditedbetlvdenitise enboderdlLititi e R deferator2B. ThediFgerdratafs0appr oxi mat el y
0.125 i “%Ees c%gtsto%m(scirgﬁ CBF}%C&E geﬁ{e e?ur:odteprid atnX V&Q& He&u]a‘i&%‘?r%&%ﬂ b a

19  bipolar junciion transistor (BJT) Q1 and an RF choke. More specifically, the tank circuit

20  consists of a resontant circuit comprising an inductor L2 and a capacitor C8 connected to

21  each other at each of their respective ends (in parallel). Either the capacitor C8 or the

22 inductor L2 or both may be tunable in order to adjust the frequency of the tank circuit. An

23  inductor L1 acls as an RF choke, with one end of the inductor L1 connected to the output of

24 - the voliage regulator U2 and the opposite end of the inductor L1 connected fo a first junction

25 | of the L2-C8 tank circuit. Preferably, the RF choke inductor L1 is an inductor with a

26  diameter of approximately 0.125 inches and turns on the order of thirty and is connecied on

27  aloop of the tank circuit inductor L.2. The second and opposite junction of the L2-C8 tank

28  circuitis connected to the collector of BJT Q1. The base of the BJT Q1 is also connected

29  through resistor R2 to the output side of the encoder 40. A capacitor C7 is connected to the

30  base of a BJT Q1 and to the first junction of the tank circuit. Anothet capacitor C9 is

31  connacted in parallel with the coltector and emitter of the BJT Q1. This capacitor C9

32 ihproves the feedback characteristics of the tank circuit. The emitter of the BJT Q1 is

33 conﬁected through a resisior R3 to ground, The emitter of the BJT Q1 is also connected fo

31




27 a loop of the tank circuit inductor L2. The second and opposite junction

of the L2-C8 tank 28 circuit is connected to the collector of BJT QL. The

base of the BJT QL is also connected 29 through resistor3Rnidpy bhg out put
side of the encoder 40. A capacitor C7 is connected to the -30 base of a
BJT @@ and to the first junction of the tank circuit. Another capacitor C9
Is 31 connected in parallel with the collector and emtter of the BJT QL.

Thi s capaci 32 inproves the feedback character|sti t he tank
circuit. ‘&8331139?3 %r of the BJT QL is 33 connected th*”@i@ﬁ?ﬁ%ﬁ esistor R3 to

ground, The emtter of the BJT QL is also connected to 31 3 January 2006 WO
03/ 005388 PCTI U502/ 21152 1 ground through capacitor ClO which is in

parall el thth% sistor R3. The capacitor Cl0 in 2 parallel with the
resi st or R4 JRHBY NEpEED Caparipr 10 WhiRH I8 inRsrrdlel with BmregisteTRe: f”{‘ftﬁaP‘PFéOr&?Ptft er at high

3 frequerci garallstwittbihe Bsistdr R4Grovitled & morkbtable 2ondiliction gafth P hObmiReTLAigH Ng now to
FIG 11a q, é%m The RF generator 50 works in conjunction with a tuned

| oop antenna the preferred enbodi nment, the inductor L2 of the tank
circuit derves as the | oop antenna 60. More preferably, the inductor/|oop

antenna sl.2 GoRpy i Seﬁe@rnﬁéﬁtg\}t‘é‘ Ff@cﬁmqbahell%?%%\eﬂ{tor%ﬁﬂgﬁé| pM re having an

additional smaller IoogI j.unper 61 connecté rectangul ar | oop L2.
Adj ust merft  SPUYNGON LA nerdigorgitanea 8 Initheprefarred lemiedimes thedndupian Lgof ve to t he
rect angul7ar thedah ck®it b@vasze thellddp aeHrRES V@E prd@ﬁbl?meﬁndubﬁmo@%&hﬂ“ di amet er
of the indu RF transm of the RF
o ener ot o 52 Oymes b RS bt g bl ol whd AT SO IR P e 1y b
connecte@ tfuperd cornsdeditojtharrettangnladoptiize Adjestrkent vf e shepe ab8 afigddi e | n

operati an: thgiePBS é1'r(¥i§|v¥ fbltﬁ@lg&aﬂ%FHH%O :é)tfgb& ta?ncté%é(ﬁggcr fRGeator U2 is 16

connected the encoder e I nductor : e voltage drives
t he encdder apparent jarmeter of the inductor L2 and thus tunes the RF transmlssmn frequency of the

12 RF generator 50. In an alternate embodiment, a separate tuned antenna may be connecied
13  tothe second junction of the tank circuit.

14 ’

15 [0111] In operation: The positive voltage output from the voltage regulator U2 is
16 connecled the encoder 40 and the RF choke inductor L1. The voltage drives the encoder
17 40 to generate a coded square wave output, which is connected to the base of the BJT
18  Qt through resistor R2. When the coded square wave voltage is zero, the base of the
19  BJT Q1 remains de-energized, and current does not flow through the inductor L1. When
20  the coded square wave voitage is positive, the base of the BJT Q1 is energized through
21  resistor R2. With the base of the BJT Q1 energized, current is allowed fo flow across the
22  base from the collector to the emitter and current is also allowed to flow across the

23 inductor L1. When the square wave returns to a zero voltage, the base of the BJT Q1 is
24  again de-energized.

25 |

26 [0112] When current flows across the choke inductor L1, the tank circuit capacitor
27  CBcharges. Once the tank circuit capacitor C8 is charged, the tank circuit begins io

28  resonale at the frequency determined by the circuit's LC constant. For example, a tank
2%  circuit having a 7 ptcofarad capacitor and an inductor L2 having a single rectangular loop
30 measuring 0.7 inch by 0.3 inch, the resonant frequency of the tank circuit is 310 MHz. The
31 choke inductor L1 prevents RF leakage into upstream components of the circuit (the PIC)
32 because changing the magnetic field of the choke inductor L1 produces an electric field

33  opposing upsitream current flow from the tank circuit. To produce an RF signal, charges

32




17 40 to generate a coded square wave output, which is connected to the

" base of the BJT 18 QL through resistor R2. Wen the coded square wave

voltage is zero, the base of the 19 BJT QL remains de-enﬁggh Odmd
current does not flow through the inductor L1. When 20 the coded square
wave voltage is positive, the base of the BJT 01 is energized through 21
resi st or . Wth the base of the BJT QL energized, current is allowed to
fl ow acrossy, base fromthe collector to the e current is
al so allomedSF; ?%§M/across the 23 inductor L1. V%ennk%%ﬁ%d%g?e wave
returns to a zero voltage, the base of the BJT QL is 24 again
de-energized. 25 26 [03.i2 | When current flows across the choke inductor
L1, the ﬁank ci.rcu aci tor 7 C8 charge Once the tank circuit
capaci t ot C83fed° ??ﬁjﬁ @'P freapenciesin e renget T'%@gtl"h@‘afgﬁs osilztipg piatankat t he
frequency deitceit mium&:dl opedtidop aststirall predudeGn RO BRHhA O preféraly BOMH2 A& th@ tank 29
circuit hav uct or ng a single
Fect angular “Tasavels BaRLARAREARG hokyR ordhg R MR el

of the tédnk ’ff@llqoe gntenna0 garapriRgdA pulpR@RF sanabhwn@a Huralion ©H1004260 pr event s RF

| eakage isnt QIIIQ@&JMM%?QIQ@@H@ B&t@rnﬂfad tbfﬂ@ae @hdb@él”ﬁl@ (ﬁ(ﬁl&qy E%Iﬂ@orde’? drPecause
ield ke i nduct of produces an el ectric

changlng th etic
field 3°3 my?ﬁo%&”ﬁ SQHYCE’Q |2P ?rﬁso? PURRS PteBRF tﬁﬁ@lef‘%ﬂi RAPRYARY.  To produce
an RF si gnaBi0 Mihlamg@BF Geheidtod sueticarsp lsza%lem}@ﬁﬂeﬁﬁﬁ&&&eP@HérM&Gmo?llSZ 1 have

to oscilhat Gk i yLSMIPBELAS of dhrd o Sunfier SrBNAR cpdd 1P kS pEhRLOCS

oscillating oopan Znna L2 pr oduce
an RF si @nager*@lfatlrggre@pl@cpfémﬁsgcqg@@atmqffereptg‘regqregcy, Bhighugreatiy ingiggaes thet put of t he

i nvertenot Undksoef Siposdbe (%blﬁﬂloﬁeﬂﬁl uﬁl&tfefreﬁl.libﬁcysdog@ﬁénagener ated from4 the |oop
antenna_60 conprises a pul sed RF signal having a duration of 100-250 5

mlliseldbnds and a pul se width determ ned by the encoder 40, (typically of
the ordee ofofi3} 6 The & deneratbl 503@6 ameima bhwsk prooguetisroviB@nRe 2500 pul ses at

bl o LF 0 eRtNer oo, RBRIBIAAY Sk oo bl hitroif offe SEOSERIBIe0C | o8, 5D 1 ®

tunable to nu uenc r ef ‘Ne transnitter
capabl eléf 6uithn 80 feet) gop eqceivd the ntif%ad@f‘@@ﬂ@ﬁansmﬁeﬂ By he %ge@rﬁmﬂsa e 9

gener at U.B'g Rﬁfélaelﬂzfr 270“&&%@@@%%@& éhtéﬂn& ﬁﬁff@rﬁﬁterf:ép@ﬁb‘&ﬁé‘ﬁdfsed‘ﬁﬁ's%hai greatly

|ncreas 0 nu of I nations uni requency code
si gnal s 11 °”fb %Tﬁ?ﬁ%%“?rﬁtﬁs Rgu'ﬁegﬁ@ﬁél‘fai?’gf@b“ YR deogMpR Atiena 7%8? B in
conj unct¥ oningt tore raitroftbeebSor g Biateets a2 4 Gecolidri2en. sthe cbdodierasl fifersont BF r ecei ver

Cro 0 BB S il bl RELADS B?ogﬁaﬁﬁgégﬁec%we% Wl i Qediistdy can receive

t he pulsed tran enerdt or
the RF generator 50. An external power source is also connected fo the microprocessor

20  chip/decoder 280. In response to the intercepted tone from the RF generator 50, the

21 decoder chip produces a pulsed electrical signal, The external power source connected to
22  the decoder 280 augmentis the pulsed voltage output signal developed by the chip. This

23 augmented {e.g., 120VAC) voltage pulse is then applied to a conventional relay 290 for

24 changing the position of a switch within the relay. Changing the relay switch position is then
25 uéed to tun an electrical device with a bipolar switch on or off, or foggle between the

26  several positions of a multiple position switch. Zero voltage switching elements may be

27 added {o ensure the relay 290 aclivates only once for each depression and recovery cycle
28  of the fiextensional fransducer element 12.

29

33
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15 RF receiver 270 conprises a receiving antenna 270 for intercepting the
pul sed RF signal 16 (tone), The tone generates a pul sed electrical signal -
in the receiving antenna 270 that is 17 input to a m croprgresy obodhi p
that acts as a decoder 280. The decoder 280 filters out all 18 signals
except for the RF signal it is programmed to receive, e.g., the signal
generated by 19 the RF generator 50. An external power source is also
connect ed t@ohissak Croprocessor 20 chi p/ decoder 280. pbpudesR@nse to the
intercepted tone fromthe RF generator 50, the 21 decoder chip produces a
pul sed electrical signal. The external power source connected to 22 the
decoder 280 augnents the pul sed vol tage out put signal devel oped by the

chip. Thiss g@ﬁc;ﬁﬁgé{@rgzgtgnmg.alna%%é@r voltage pulse is then applied to a
conventignal relay changing the position of a switch within the
relay. CI‘?angl ng the relay switch position is then 25 used to turn an
el ect r: cal Jowisp W tShveal biff@@zhtéRF iEmbrhidts ﬁiayaéuééfﬂhat @nerﬁ@@iﬁﬂe%nﬁ@ﬁé&eeﬂ the 26
several posi osi t.i on ero v t chi ng
el enent seraﬁrlggﬂr%l}'R%&%ggH?t . gfﬁiq%re[c?%e trhﬁtlSt %@B‘ﬁé W%‘{')’Beé‘?gjfﬂ't'ﬁ nce for
each depes$Feignaadhay be coded yndmﬂramm:ﬂﬂe (@$ wtﬂh:egdrémﬂbmemad) ofly ansducer
el ement k2. 22Ra83 YAk ator System
with Tr a| naal eaRecrgllay\J/@r %e%‘g'ﬁﬁ%%\@/g g%éoggsﬁg%ikloﬁ@e&gﬁrasa#%ﬁ #f ferent RF
transmi t t'er SERRGIR B aRabs of paperafema fesslonaitqne diubis prefesablycapabigrof cont r ol | i ng
I:I el ays tat gedegating ﬁﬁlﬂplé fbné@ﬁ'@bt\pﬁefegﬁlﬂ} eé@ﬂ%nshﬂer@d}??&dﬁ?ﬁm&ﬂhﬁh%@”@m g

igitize S ode r anma S_ Wt arage door
opener) '90 %fe ln cf?d\?g?é ag Fgf gfaf"ag'tmqp?"%dﬁ%géaw;# 'gﬁ?fg?f'? quzed RF
si gnal . 10n @‘teri@"re oa hake, overt2E pRFsible unigas righdal erdes whichais sl cquivdlentjefroeerdt | ng at
| east ong t gflgn cdudt. Mo%t [B?éf@lfaﬁl}ﬂgll%eﬁﬁf?@&hﬁlsggasygfaﬂl% ﬁ\hfﬂ Qtrénéhhfegl e tones.

Most preferably each transnmit Io g NDOre uni que
coded sitgnafd on?ﬁ’irﬁ“’fes’e‘@é@'islf%}'a%ﬁ@g byfiding oty é@?"&'l’@ﬁﬁ@ﬁ@"ﬂ&’@@tﬁf@ﬁafﬁener ating
t he tone3cathelirs é ti¢&yste230r féﬁ@&lcbhtﬁ)l anm&uaemrmlem%aar@@hmer& t he

equi val ent Qver . preterably the invention

an‘pl’l sgg a%sd)?%?rerﬁv%[*ablﬁlﬂrhegrlagsr? eé%@ﬁ?pt |p§{he&ﬁwés,8;?%argp SHE receivers for
act uati Aa§ beystegisragd leagphtagsmitgybhs altrmetone siviqus, pénnassnbareimenaad the |ike. I n
this systenfRhedhRMLE TRORLER: ammmﬁa@,em&ﬁn@aqggmg@@ affsibdce tdxe' arge number

of codes are available for the transmtters ating l'i ghts,
appl i andés SfiEMss capplle @ﬁ?”&%@ﬂ%ﬁ'ﬁ?ﬂ’?ﬁ“ﬂ%%ﬁ’i"’f’lieéF’fCWEée”h‘if’dF%ast one uni que,

per nanent ansresundBg fo d:ffél’h@ﬂ@ﬁhitt@rs%@ﬂﬁhatﬂbﬁ:om&m@d céRbe proflait@Bd §4d er nodul e
at the Ilb ghEo aictuat%B lb{f %grc %hsan one transmltted code, thus allowing two or more fransmitters to

20 actuate the same light, appliance and/or system.

21

22 [0115] The remote conirol system includes a receiver/controller for learning a

23  unique code of a remote transmitter to cause the performance of a function associated
24 with the system, light or appliance with which the receiver/controller module is associated.
25  The remote conirol system is advantageously used, in one embodiment, for interior or

26  exterior lighting, household appliances or security system. Preferably, a plurality of

27  transmitiers is provided wherein each fransmitter has at least one ﬁnique and permanent
28  non-user changeable code and wherein the receiver can be placed into a program mode
29  wherein it will receive and store two or more codes corresponding to two or more different
30  transmitters. The number of codes which can

31  [o11e] be stored in fransmitters can be extremely high as, for example, greater
32  than one billion codes. The receiver has a decoder module therein which is capable of

33 learning many different fransmitted codes, which eliminates code switches in the receiver

34




systens is capable of storing and renenbering a nunber of different codes
corresponding to different transmtters such that the controller can be
programmed so as to actuated by nore than one transmitteq g obtes
allowing two or nore transmitters to actuate the sanme |ight, appliance
and/ or system [0115] The renote control systemincludes a
receiver/controller for learning a unique code of a renbte transmtter to

cause the pghf, gwglce of a function associated wth H;_),g /zug:zm | i ght or
SS

appliance wth ch the receiver/controller nodule is Iated. The
remote control systemis advantageously used, in one enbodi ment, for
interior or exterior |ighting, household appli ances or security system

f bl
Cr anom (o o0 o8 Apllnt B b GBI s bRl B P aBIBEE kit ¢ code

and wher ei® t'Wé“tioéé‘@i(Qﬁefrpoeﬁb*ﬁ b@llrplna’few reqwren@tqiplmgdasalmw:twhemel nit wll
recei ve and Shedfsrhitrs ahd rdBiercodes corresponding to two or nore different
transmtters. The nunber of codes which can [0116] be stored in
transnittérs can be extrenely high as, for exanple, greater than one

bi | lion cédesoiIhe reGelewiag dras. @& Thecagdns: rigedigher ihdeiee b Buildbik e Capabl e

of | earning r m.tt.ed codes ch eli es code

Swi t ches |62 tzﬁwreegél}"{l/g:'raagie@e@nﬁgﬁws 0'0\6‘%%‘/’19(?@?@“ E'?ﬁ’q 121152 and
al so provi’ded2$ #d syoplies @1 isput foarisnpder é&(}swlﬁthprqytde&mautpgt tb lagnitrogybdessor
applianceg Ths244t T mlerMgéUséo?Umf]ﬁﬁ%scohﬁec%gstéé %‘a?dé&e%bméaﬁ&d?lelt he

reqw remegt 12 L} %g F’el ection swtches In transmtters and

recei vers” [ $TE7§VIRaFH ?Ifgﬁborlagphpmgbegqeeq-ﬂ@qu@grq@m opprgliananopes, ipacl udes a.
sui tabl e 1ant enn, did76 sbras oth@e®idy oNgberaacH. msfmmzm%umeamms@&h ome from one
or nore an 12 n u ies an.li t to decoder 280
whi ch pr(%\F/Ll dzlls’g %hﬁé&?djtg? fé}gverﬁﬁng?@%ro& @E'E?Procﬁﬁﬁqr?m{zjg e swHgl ?ﬁ '®Popr ocessor
unit 2441gs é’t?rﬂﬁ’é'ﬁ@fe‘ﬁ‘"’@'bthﬁ carbayodd\bicveePB8 "weratbartdr plogrem” pasitiondtoswi t ches

the |ighti30r caMhbA SRR DRLREIM ABGsOf tWwo or nore operation nodes, i.e.,
on, off, gl m or some other node of operation. A switch 222 is nounted on a

switch UI]I 219 connected to the receiver and also to the m croprocessor
244. Thelswi foin$22 imﬂaem\tenﬁnnp@@huriammwemst,amstulaaamwmmnawwﬁamt ween the

"operateyan a |ISh o r.ogr.am nodes.
[0118] | R hg’a?t%\r}%%iﬁgr? O{!Peacqrt'? ?9%‘?\@%‘99 ? \i{rh "é‘ué‘ﬁ‘e ﬁ%r%r& @?‘Eg{l% and
128, haslat thedarsmitasdhe rRcgiuer Uob i@ inkblete I‘n%mdmemtiMOmeajnun;bet tfelife@nie
gener at of b engafktetEbdeONtic diffhaled thetnlagd Efrcé(ﬂlﬁf@\nﬁt&%é in e-ﬁn& tﬁeelféﬁ’slﬁlﬁér gini t 101

is able ﬁ?)n nmenori ze, and store a nunber of ferent transmtter codes

whi ch el it nEFREr VRGN AededR thedapRY- ShiF Aleariainpies Bp reguirerpanbthal tagusei t t er or

match the transmitter and receiver code switches. Preferably, the receiver 101 is capable
21 ofreceiving many transmitted codes, up to the available amount of memory locations 147
22 inthe microprocessor 144, for example one hundred or more codes.
23
24 [0119] When the controller 290 for the light or appliance is initially installed, the
25  switch 222 is moved fo the program mode and the first fransmitter 126 is energized so
26  that the unique code of the transmitter 126 is transmitted. This is received by the receiver
27  moduie 101 having an antenna 270 and decoded by the decoder 280 and supplied to the
28  microprocessor unit 244. The code of the transmitter 126 is then supplied fo the memory
29  address storage 247 and stored therein. Then if the switch 222 is moved to the operate
30  mode and the transmitter 126 energized, the receiver 270, decoder 280 and the
31  microprocessor 244 will compare the received code with the code of the transmitter 126
32  stored in the first memory location in the memory address storage 247 and since the
33 stored memory address for the transmitter 126 coincides with the transmitted code of the
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recei ver which are used in the prior art. This also elininates the

requi rement that the user nattch the transmtter and receiver code
swtches. Preferably, the receiver 101 is capable of recgiyhpgy oEdiy
transmtted codes, up to the avail able ampunt of nenory |ocations 147 in
the m croprocessor 144, for exanple one hundred or nore codes. [0119] Wen
the controller 290 for the light or appliance is initially installed, the
switch 222 d to the program node and the first ter 126 is -
ener gi zed Svl(r)c?osrﬁﬁséfé t he uni que code of the transmtter "ll@g I'S %ransrri tted.
This is received by the receiver nodule 101 having an antenna 270 and
decoded by the decoder 280 and supplied to the mcroprocessor unit 244.
The code of tthe iﬂ{gﬁssgétter 126 is then sugpl ied to the mam)ré addr ess
storage 247 AR Joe PIRRPRPFTSOTRTE Willieperpirthe Gentreler mochapism kB Bt o t he
oper at e 2nodent anapplidnes reanging dd-@lerglz2Gr ath@wige aethie thbaeviecei ver 270, decoder
280 and the mcroprocessor 244 will conpare the received code with the
code of the transmtter 126 stored in the first nenory location in the
merory addr d882&} or aljerdeap sianeiths icpdsef iinsecond tansuiitieetPBite sliel 2845 for t he
transmitser m&&:%@m:m@ gntribdk B meaa%mﬁem%.&a@@ze& Thid@acdes e anuary

2006 WO (Q3/00538 @%Tﬁ{ 121152 transmtter m cr oprocessor 244
will enefgi SE°YH&" CPEB‘P PEO0 R deradg @ﬁfr%@“ﬁ?ﬁﬁ‘g‘?%%"d UPRIHE toé'Fe appl i ance to

ener gi ze 7de minnapragesser i whitch drens gpliciey aided iudpelcﬂewtmﬁsm:{t@ﬂ@&a tHen order to

store th§ C%ﬁloﬁg&&r@& s?%q%%? &E&Qﬁ@ ttorngﬁx_%‘égco gdd?é’:\sns t%ra z%czizﬁll S. moved agai n

to the program AnSmtt causes the
recei ver 2270hribe YélgloeReris eEdiathe epssete pediion ﬁmcaﬁmeﬂheedftbﬂ mainitterad supply it

to the 1pi cnmm%g@ren&éded\ﬂt%%em%oawa&érlz%aﬂdhﬁcrsp%@sowmh of the
dr ess storae247 where it Is stored in a

t 128 to
séggrs]g' Eﬁhdr 8%%9‘€ett6‘? %P@Hf)*ﬁ%f@%ﬁ%ﬂﬂ 296rigihe Hq%oréﬂplaaeq? toenergize derPe@Ze o t he
oper at e 1pos bt dit@nwisenabersiteeine @dvics eﬂ&ltemfatetyhme iGN Bith trte(ﬁfsstran%ﬁﬁteraﬂd aAd®8 are
ener gl Z§g E&gncr tfa%gllml\"tgrr 12g A% ga%ég ggpféa% '\—dead ?nct cﬁ:oﬁﬁ% Bg Eés W' .

er

energi ze t app nce to

ener gi zé%e%‘f@'f%ﬂ’ﬁ@amém 28@ hervm se operate the deV| ce. Alternately, the
signal fgomthe first transmtter 126 and second transrn'tter 128 nmay cause
separ ati and distinct actions to ?erfor med g control |l er mechani sm
290. 51] 19481, t hEEJERLIRY °ft”F~F‘e”%“ A1 $4 A %2@ TaFRIES SN GO r ansni t ¢ ed
and ston@d initiie héreoryrediibesy slachde esBdusihgiha gogiddh Mmall afiergvhich ehepyaigham node af ter

hi e ¢ B8 YRl &boicl i BL: 2B AR5 BANL S doflor R Mbderd £RAQR] o e ther

or bot h of ansmtters
t ransmi 19 er $28cAny dssirqdrogbenhsensmitesren be erogrh@msq@t@matel theggtystem, light

20  orappliance up fo the available memory iocations in the memory address storage 247.
21
22 [0122] This invention eliminates the requirement that binary switches be set in the

23  firansmitter or receiver as is done in systems of the prior art. The invention also allows a
24 controller to respond to a number of different transmitters because the specific codes of a
25 nﬁmber of the transmitters are stored and retained in the memory address storage 247 of
26  the recelver module 101,

27 _

28  [0123] In yet another more specific embodiment of the invention, each transmitter
29 126 or 128 contains two or more unique codes for controlling a system, light or appliance.
30  One code corresponds in the microprocessor to the "on" position and another code

31  corresponds in the microprocessor 244 to the "off* position of the controller 290. .

32  Alternately, the codes may correspond to "more” or "less” respectively in order to raise or

33  lower the volume of a sound device or to dim or undim lighting for example. Lastly, the
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or appliance up to the available nenory | ocations in the nenory address
storage 247. [03.221 This invention elimnates the requirenent that binary
switches be set in the transmtter or receiver as is dong shfuatys6@®s of
the prior art. The invention also allows a controller to respond to a
nunber of different transmtters because the specific codes of a nunber of
the transmtters are stored and retained in the rrem)ry address storage 247

of the rec&t)}gf;({ 3gg)dul e 101. [0123] In yet another §T/§@§fg%;ﬁ' ¢ enbodi nent

of the invention, each transmtter 126 or 128 contai nore uni que
codes for control ling a system Ilght or appliance. One code corresponds
in the mcroprocessor to the "on" position and another code corresponds in

the mcragpr ff" ositian f t he GO rol l.er 290.
Al ter natg] %ﬁﬁé&rdeszﬂ% htaﬂsrﬁ%gg ed 1(2)8n?i’8¥ %ompﬂ%er ur cggesay Eg" respectively in
order to# aN'@@OQF?CGS?rQE)W@f prethes vol 'mfﬁa radre”aang Yeastipasiivrised the cortiole i rzm or undi m

| i ghti ng 3f ordegenaPbined
PCT/ U802]4211§2 I§H %eaﬁﬁgéeéué&n%ae%? }tﬁlﬁé%ﬂ%ﬁ‘(aﬁveﬁﬂ%@ n%ttgﬁ‘{zggg’ corrprl se four

codes whi‘ch "THE" P 635ied LHdReypiciopogssERr A4 injpger et%f?PeateQﬁuﬁheS of feBt e" and

"l ess" pdsi tor Wifssighistréspediont ook irtipr2@Pas did ud QRE IR BEn EHQpéc%lydeSl red setup
of the syitches. Alternatively, a transmtter 126 or 128 4 may only have
two codes, but the mcroprocessor 244 interprets repeated pushes of "on" 5
or "of f' Tsi daaz4l r es peaipihordmpodiveniof iha ineentiore resdiversnadiles 11 raaycbedl m down

respectigel yraindd tchc{ ﬂtﬂé]rarfsﬁ‘llﬁ@f%ﬁ&%rm S‘rfétg‘?éfa' ﬁ%llgp he%ﬁfofyrb\ﬁ?mth : r ecei ver
pt

nodul es 1901 ma%p 44? ined to ce trafnsmtter code(s
one-step” BEYT PO 11 W@ﬁ%??‘yerwm%“y%"hage Ay &’B‘?@G@i@%@“bﬁM of t he
r ecei verlOnodiatedsFot Diitamdel dne biameay 18 lfertas ¢ ftM&@fd@sﬁ@tdﬁ&m&ﬁ@y@ﬁah@epﬁstter ed, For

i nstancg,on t.he_cades y 247 accepts
to 11 ge tﬁ?%h‘%& Omgﬁ%t oworg]{to?cﬁmdes Fie eﬁ@" %?sé%glmﬁg%ﬁtﬂ%r all the
30% di n¥8d codes, etc. 12 13 [0125] Each transmitter 126 has a certal n set

of codess anlﬁjarrpl sam@nsmﬁérﬁwa%ﬁgmgmféaaé/seFJfrmmﬁ% gcode, a "toggl e*
code, mh re% he recei ver nodule 101 knows on to reverse its current

state, r may hgye distone gode. 7 floggle” godg wherqin ihp r%‘ﬁ“’efﬂ@d%lPﬂ%? natively, a
transm ﬂﬁ er kb6 onfpfo verss isBRYErCaste St ifswn, flkoitamml iofic@mtdnol of 17

opol | anges. akah 4] oy R 50 e WS o RS RISENY 6, 120 2001, o

its code set n which slots to
put each? codrpliansgs dzachvpt theselsedes lsTuniqust. ghs trehsanitr i 25regeds oot isabdé sl si gnal

that camgbeingaRiralfeh thdrebdifr §daRSRE fiudlch 488 to fut sach code. Also, with the
19 increased and longer electrical signal that can be generated in the transmitter 126, a
20 single transmission of a code set is achievable even with mechanically produced voltage.
21 As aback-up, if this is not true, and if wireless transmission uses up more electricity than
22 we have available, some sort of temporary wired connection (jumper not shown) batween
23 each transmitter and receiver target is possible. Although the disclosed embodiment
24 shows manual or mechanical interaction with the transmitter and receiver to train the
25 réceiver, it is yet desirable to put the receiver in reprogram mode with a wireless
26  transmission, for example a “training” cods. '
27
28 [0126] In yet another embodiment of the invention, the transmitter 126 may have
- 25  multiple unique codes and the transmitter randomly selects one of the multitude of
30 possible codes, all of which are programmed into the memory allocation spaces 247 of
31  the microprocessor 244.
32 )
33 [o127] In yet another embodiment of the invention, the transmitter 126 signal
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20 single transm ssion of a code set is achievable even with nmechanically
produced voltage. 21 As a back-up, if this is not true, and if wreless
transm ssion uses up nore electricity than 22 we have avaiJaaldrg 208®ne sort
of tenporary w red connection (junper not shown) between 23 each
transmtter and receiver target is possible. A though the disclosed

enbodi nrent 24 shows manual or nechanical interaction with the transmtter

and recei vewologudssgi N the 25 receiver, it is yet desippgpb@piis pPut the

receiver in reprogramnode with a w reI ess 26 transm ssion, for exanple a
"training" code. 27 28 [0126] In yet another enbodi nent of t he i nventi on,
the transmtter 126 nay have 29 nultiple unique codes and the transmtter

random y 1se|n%€61$ot9é‘ﬁaa9jaﬂ§ SfRraidlot {HPSB{Q&! B\fxtr?;’ag 20855} %4(%3 &:%q%gim of which

are programred into the menory alFocation sSpaces

m cropr oces W"?@ﬁme@o"?""‘%@r‘[‘wfﬁ@ eyeqent ohaWinHY, deorosts: f?e*rﬂen@r : eﬁ‘he
i nventi o, tanéthbt Alnsgadaan sdrd6r rﬁgm@m{uit&‘éo&iﬂsﬁnwaé@nﬂa% éé&rﬂ?s’y&%?:%

casi Iy bt ophe atethigte ARlsedSool R b RE R aRcr b ne7 B Siptnet o " ot

of a wi ndowwitgber ap@@lﬁtﬂs Fbowmslemstmnﬁm@em 26 niy he bhcatérbwithin dyaragk dooral ar m
sensor mgghlopsePWhibPRRRIS kifn SEOHH oﬁmﬁr‘e%ﬂl‘ﬂé lnttﬁ)% AddEe, RRGHHHRS %éfag%yc@éle m 4 and a

| i ght |nthe i ntruded upon room kew se e transmt may be
conbi ned 5 WP¥HK- ot her appar at us. For exanple, a transmtter 126 nay be
| ocated within a garage door 6 opener which can al so turn on one or nore

lights ig gara door open 01281 Furthernore,
the t ransm Bﬁé?@ can m\%ﬁ” @gﬂﬁ&’e{f ng‘ggh'ﬁp "E?r“ts?l EFER ‘Eﬁepfﬁte(/\hl ch
re-trandafi t yhichee-tengmidd the ﬁgnawbmnr@pr wiieteet esansiteliph’s and apriigives lathds

appl i anags. mlafndring ca%v@&%%fnsmnﬁ&ﬁe&ﬁl@r gé@‘é?m%@raﬁrﬁﬂémn{e‘a%{lgvﬁfﬁe' ver set,

or many fransmtiers interacting w erent receivers, Sone
transm t-€er SRPLFIETY rqcevesmHEope trﬁﬁ?ﬁ@tefséé'@m/@ro@e araere Mgeivers #\drsefei ver s bei ng

control 18d Iyceiosre being dsmrr@tem BBV Sk fnbﬁﬁt%nsrhlfw§ tﬂﬁfs@\aﬂvﬂm@a bﬁ)a@ Eysh sy st em of
he transmtters

and ety el Lheel SRR, 0L BB AR B IRR RE m T Ped

comuni &4t i bake thg maﬁwnﬂmm;; @)frth w&dBigtnEl'Dﬁlﬁﬂﬂelns liké BMARTHOME or
16 BLUETOOTH.
17
18 [0128] While in the preferred embodiment of the invention, the actuation means
19  has been described as from mechanical to electric, it is within the scope of the invention
20  toinclude batteries in the transmitter to power or supplement the power of the transmitter.
21 Forexample, rechargeable batteries may be included in the transmitter circuitry and may
22  be recharged through the electromechanical actuators. These rechargeable batteries may
23  thus provide backup power to the transmitter.
24
25 fo1go] It is seen that the present invention allows a receiving system to respond
26  toone of a plurality of transmitters which have different unique codes which can be stored
27  inthe receiver during a program mode. Each time the "program mode switch" 222 is
28  moved to the program position, a different storage can be connected so that the new
‘29  ftransmitter code would be stored in that address. After all of tf\e address storage capacity
30 have been used additional codes would erase all old codes in the memory address
31  storage before storing a new one.
32
33 [0131]  Thisinvention is safe because it eliminates the need for 120 VAG (220 VAC
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18 [01291 While in the preferred enbodi nent of the invention, the actuation
means 19 has been described as from nmechanical to electric, is wWthin
the scope of the invention 20 to include batteries in tthgﬁ@??Qb@ger to
power or supplenment the power of the transmtter. 21 For exa

rechargeabl e batteries may be included in the transmtter CII‘CUItI‘y and may
22 be recharged through the el ectronechani cal actuators. These rechargeabl e

batteries NgYodest NUS Provide backup power to the tr RSP 24 25
[01301 It is gseen %hat t he present invention allows agr ecelg\gnqng systemto
respond 26 to one of a plurality of transmitters which have different

uni que codes. which can be stored 27 in the receiver during a program node.

Each ti t rogram node switch" npved to the ram

posi ti ogPl %FWB@?&W sb[e(S'T""a{%g éfW't‘TS'é”% h‘?’r@%ﬁ@@ag e pigher valtage ‘FY%’\’R?

transmt t%er Aihes s ahlgrub @ tisd appleticésror tighat arﬂddaye&&ctuﬁédtﬁrou@l the @ff- t he address
storage GAPgflubidd svﬁ@hl Sicd &ﬁﬁctﬁ‘?ﬁ% eﬂ“}?ﬁla[s QI(easS on\’}ﬁﬂ" de rase all ol d

codes in the nenory dressg-@ri;e@ﬁora e ore s AW one. 32 33
[01311 THi s "Prevatiee Ffemtrticgonscaqitea%e@%m\ethucvﬁ@ Holes ﬁlaitfemmgﬂi@ elieeewl fres 120 VAC

(220 VACs38 t&th@gﬂ@dcus\aiaﬂﬁnd\mm%&ﬁhﬁé‘:&ﬁe ﬁ@ﬂdé@p’aﬁ%&;ér@%sémmh@ﬁeope) l'i nes

to beru%torq \A/I ht L% | nst ead ger vol t age over head
2 AC linds aTENSRH ?rﬁ?ﬂngcp(SesF'P{%'oap%I hea"f‘ﬁ[,'%%“'l?rs*w‘?t%"t‘?d” 8 desiayed é‘f“é act uat ed
t hr ough t7he tresirébu. Thevwerdidn is wist oduifuhiny coeste@nstiucion eha:yassmmdmés usihge i nvention

al so savgs QBndrdid §]ébazlndlﬁpgucé 50‘?1 i BB e!ﬁn%r%?e he' r?eteg%ma?e[\ﬂ Ggsociated with

cutting holes and running ectrica ugh ®each switch
and wit hi®n tSH@cwaﬂti‘%WE*"Tﬁ@ﬂoﬁﬁéﬁ’f‘ﬁﬁ@ﬁtﬂﬁc‘@@art| cularly useful in historic 6
struct unes undergm ng preservatl on, as the walls of the structure need not
be destr?_yed an The invention is also useful in concrete

const r ucti orf 01%1: h a&‘ﬂ‘g? e E?QYF ggécﬂgtloﬂ Gontains ey seaciiciiasgifese Pl Nt ucco
const r udgi oire asrdtreddi asilimadtiens dnehegmege tfahdianeation] it rtheDs etnfwenapllcmlbxac e of the

val |'s anrd flopQfSddrdiRfBsuindd: 'th%#el% :R»ﬁan)éot%& %T?étllm% ﬁ Cﬂols%im ?ereg(irgol bove

descrlptlon contal ns nmany Speci ese’s je construed
as |imt4tions on the scope of the invention, but rather as an

exenpl i f[BCat[loQ_’_S,Ig] 13 ﬁfadelﬂﬁl t@b@fz&aiécﬁﬂ dé\rﬂéedhé@é&roéch\?eréfé?ﬁents'\‘ﬁé};y ot her
s are 15 [0133] In addition to

t
\;;?elzge: ggt r |°%m‘%f§?/f"8%%9tos “ﬁ@’e@r %EP%%‘@tqe\/%esel ements may 16 conprise’

magnet od¥rictive or ferroelectric devices;
18 [0134] Rather than being arcuate in shape, the actuators may normally be flat and
19  still be deformable;
20
21 [0135] Multiple high deformation piezoelectric actuators may be placed, stacked
22 and/or bonded on top of each other;
23
24  10136] Multiple piezoelectric actuators may be placed adjacent each other to form
25  anarray.
26
27  [0137]) Larger or different shapes of THUNDER elements may also be used to
28  generate higher impulses. '
29
3¢ [0138] The piezoelecttic elements may be flextensional actuators or direct mode
31 piezoelectric actuators.
32
33  [0139] . Abearing material may be disposed between the actuators and the
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17 18 [0134] Rather than being arcuate in shape, the actuators may
normally be flat and 19 still be deformable; 20 21 [0135] Miltiple high
def ormati on piezoel ectric actuators may be placed, stacke@ JaRgdarpa2dder
bonded on top of each other; 23 24 [0136] Miultiple piezoelectric actuators
may be pl aced adj acent each other to form 25 an array. 26 27 [0137]
Larger or different shapes of THUNDER el enents may al so be used to 28
generate hi glpgkndssgpul ses. 29 30 [0138] The piezoel echphgshABENtS may be
fl extensional actuators or direct node 31 piezoelectric actuators. 32 33
[01391 A bearing material nmay be di sposed between the actuators and the 39
3 January 2006 WO 03/005388 PCT/ US02/ 21152 1 recesses or switch plate in

order to fed [ Gl i f .one el enent agai ns 2 the next or
agai nst t%e #égé;srsr;esrdrrrg&ﬁ%:g:} lagepg?rﬁ%%s\Pfﬁg%@ﬁ"cﬁ'f"b?"g.we@”"gf% f'f?%%?]e" BB neans for
appl yi ng pr e8 ipxéonagaingtéheftamaaneobemnijhelswitenpéate. i ncl uding 5 sinple

applicatisn of manual pressure, rollers, pressure plates, toggles, hinges,
mechani snms, rel ease | atches, ring | oaded

knobs, 6, sliders, tv& tin | 5;&)
devi ces, foof%3#al s, 6‘%&’?@ nsAolapRling essurs tg fhejaptugier mayeiusss iaskiingeat
act i vat edsS desimpesppli@tiorof héinudl fresslize, dfllerb, pYsuib pIlaids, togdles, hinges, knobs,

6  sliders, twisting mechanisms, release latches, spring loaded devices, foot pedals, game

7  consoles, traffic activation and seat activated devices,
8
9

10

11

12
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- 1. A self-powered switching system conprising: a:ffextensional transducer,
said flextensional transducer conprising; a first electroactive nmenber
having opposing first and second el ectroded major faces; 39gh¢hr &3
opposi ng maj or face being substantially convex and said second " opposi ng
maj or .face being substantially concave; a prestress |layer bonded to said
second major face ofraid first eleciroactive nenber; said prestress |ayer
appl ying a conpressive force to said el ectroactive nenber; said prestress
| ayer having first and second ends adjacent said concave face of said
first electroactive nenber, wherein said flextensional transducer is
adapt ed .t o def d¥ewidimom a first position to a second position upon
applicationzof a force to said flextensional transducer, and wherein upon
sai d defornmgtign sal LLi .said flextensiona! transducer is
adapt ed ton_%enceii a{a\gei&hgrregS‘gfgégﬂ?%g%é%gpﬁﬁ?s?" [ between said first el ectroded
maj or ‘face dnd sai d second el ectroded major face; a nounting nmenber for
retaining sdi daffiexeisionsl thansdusss, sdidfeggisiopsidrahsipesr comaisthgnount i ng nenber
conprising & plate ofitakeeRdachdintbritef Rdving BPpdaing iRt shd¥ebsioRefoded A¥EF and
sai d convex,face of 54 d fl extensional transducer; said nounting nmenber
conprising clanping neans adjacent said first and of said prestress |ayer
and sai d coficave face ofddHpiPrreina ek dring pstentinte ponver and sgid gecond
appl i cation®means for apgrcsicanajpnfacd begngf sobsiantily ceagasle;second end of said
prestress ipayer, SairebiRéAayd héhddB R dakidblbai Rite BRIRCHAdRAIRVEO apply a
force sufficient t Q‘sﬁ%prm said flextensional transducer fromsaid first
position to_said second 'position, thereby generating said first voltage
potential :'a first contRYEPEITES? ByerapRldng 9 carppiprsive &ice tp sd pigcopstive
el ectroded #mj or faventef; said first electroactive nmenber; 41 3 January
2006 35 364a second Cogfidsb&FesSla@brinblifPirstant SEIRE LM abiBcsiPiAb &meRad

el ect roded Jg8] OF 1 36 PLeif bt bioctdadild AbmSyECt 1 0aCt 1 Ve memDer: 38

16 wherein said floxtensional transducer Is adapied to deform from a first position to a
17  second position upon application of a force to said flextensional transducer;
i8 and wherein upon said deformation to said second position, said flextensional

. 19 transducer is adapted to generate a first voitage potential bétween said first electroded
26 major face and said second electroded major face; | —
21 ! . .
22 a mounting member for retaining said first end of said prestress layer; _
23 said mounting member comprising a plate adjacent said first end of said prestress

24 layer and sald convex face of said flextensionat transducer:
25 said mounting member comprising clamping means adjacent said first end of said

26  prestress layer and said concave face of said flextensional transducer;

27

28  pressure application means for application of a force to sald second end of said prestress
29" layer, said pressure application means being adapted to apply a force sufficient to deform
30  said flexdensional transducer from said first position to said second position, thereby

31  generating said first voltage polential;’

32 _ |

33 a first conductor electrically connected to said first electroded major face of sa_id first
.34 - electroactive member; '
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39 first signal transm ssion neans electrically connected to said first and
second conductors; 40 said first signal transm ssion nmeans conprising a
first radio frequency generator 41 subcircuit connected §Qaﬁt§hrf‘ﬁé(%ma? 42
43 signal reception neans for receiving a first signal transmtted by said
first signal 44 transm ssion neans; 45 said signal reception neans being
adapted to generate a second signal in 46 response to said first signal
transmtted by said signal transm ssion neans; and 47 48 a switch having a
first position and a second position: 49 said switch being in comunication
with said si,gnal reception means; 50 said swtch being adapted to change
bet ween sai 3 first position and said second 51 position in response to

sai d second i gh§peondgondycty eleqtrieally gprnediedig seiy secom] detodai majortfacedtsain 1: 3

wher ei n sai @7 nolimt alssgoaviivebaemtlerir t her conpri ses a recess defining a
depressed sygface 4 in said plate, said depressed surface substantially

conf or m ng t3%) af'rsts‘? aitrapsngort' on of said 5 convex face of said

f1 ext ensi onal transtacar st adsRfs eigriicaly sonpecter (p tid fisstopd prcoad papdutorsayer 6
and sai d mafbr firstsadfistiignetiegshission veansapuprising afirsb@dibifrequemeyiemeratoand 7 S
a conduct i vel s hebtircnit tdnnectanto dn bREARRS, Sai d conductive sheet being in '
el ectrical QQntact 9 with said first electroded maj or face of said

el ectroactiy Y£ nenber d sai dffl rst conductor. 14 1 3. The swi tching

syst em accordi ng t orec‘Tp "hfreans 105 regeiie A arshsigng) t&‘%‘ﬁ?ﬂ?ﬂ?@"‘dﬁﬁﬁ@f“’"f urt her
conprises a*f| danprEsiopmesnsal within said recess in 4 said plate, said
flexi bl e maserial bediggiuttcenaion absk 1RQasHRM0 §oHefAE £ sadAd Sighdlin®
conductive Weergspon&etégalgﬁrg%ﬁaﬂ)%nglgggdév %d %«]HSI u%}%n]i.&h' N n¥5t g accor ding
to claim 3, 71‘urther conpri si ng sl e regula or av'ing an i nput
side and an output side;, 4 said input side of sai d vol t age regul at or being
el ectrical | ¥ céder haying @ figsh peition end a second position; :

49 said switch being in communication with-said signal reception means;
50 said switch being adapted to change between sald first position and said second
51 position in response to said second signal.

52
1 2. The switching system according to claim 1

2 | .
3 wherein said mounting member further comprises a recess defining a depressed surface
4 in said plate, said depressed surface substantially conforming ta at least a portion of said
5 convex face of said flextensional transducer adjacent sald first end of said prestress layer
6 and said major first electroded face of said eléctroactive member; and
. _
8  a conductive sheet within said recess, said conductive sheet being in electrical contact
9 with said first electroded major face of said electroactive member and said first conductor.

.
(=]

3. The switching system according to claim 2:

wherein said mounting member further comgprises a flexible material within said recess in
said plate said flexible material being between sald depressed surface and sald
conductive sheet.

N U A WM e
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5 and second conductors; 6 said output side of said voltage regul ator being
electrically connected to said signal 7 transmssion neans. S 1 5. The
switching systemaccording to claim4, further conpri singsJasuang2@0sdi ode
having an anode and a cat hode connected in parallel with said

fl extensional; 4 said cathode of said diode being electrically connected to
said first conductor and 5 said input side of said voltage regulator. 6
sai d. anode of said diode being electrically connected to said second ‘
conductor 7 and said input side of said voltage regulator, 8 whereby said
di ode i s connectaethe it 1 fi econd. el ectroded major 9 T
faces of said first eI'ﬁ{g%g%%?%%bgr%éé&?g%%%%mﬂ@' swi tching system
according to claim5, wherein said signal transm ssion nmeans 2 further
conprises: 33 2VvatageFraulgienkaving en inputsidersodipt olfptisidg an i nput si de and an
out put, si de; 45 sai d dakipntiut Sl sl vaBbélreb G, CARRIRKLIy SoHPe it Y iskid Rei Ng
connected tossaid o%gg&mn@cﬂjg&o@f said voltage regulator; 7 said output
si de of said_ tone generator subcircuit being connected to said first s

radi o frequeficy geneParsiPUtAsafl F3id yqltageyegulater being eleskipally parmerctesita saidpignal
according to7cl ai m eranyiesianimeasai d t one generator subcircuit 2 conprises:
3 4 an oscibklator array having an input side and an output side; 5 said

i nput side of s8ihe@%fdh} ) ' ected. to said output side of
said 6 voltage regul at Sk‘]%sgr?a %ggoe %ﬁ'tﬁlﬁ'}&nﬁﬁﬁ’@p'@m&transi stor having a

grounded em fter and a base connected to said output side of said 9
oscill ator afr ayyloq_@la\ﬂng an anode and a cathode connected in parallel with said flextensional;

4 said cathode of sald diode being electrically connected to said first conductor and
said input side of said voltage regulator; :

said anode of said diode being electrically connected to said second conductor

and sald input side of said voltage regulator; '

whereby said diode is connected in parallel with first and second electroded major

faces of sald first electroactive member.

L= IR R Y
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6. The switching system according to claim 5, wherein said signal transmission means
~ further comprises: -

a tone generator subcircuit having an input side and an output side;
said input side of said lone generator subcircuit being connected to said output
side of said voltage regulator;
_ said output side of said fone generator subcircuit being connected to said first
radio frequency generator subcircuit.

7. The switching system according to claim 6, wherein said tone generator subcircuit
comprises: '

an oscillator atray having an input side and an output side;
said input side of said oscillator array being connected to said output side of said
voltage regulator; and -

Aqmmamwu\omqmmhmu_
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1 and wherein said first radio frequency generator subcircuit conprises a
resonant 12 subcircuit having a first and a second junction; 13 said first
junction of said resonant subcircuit being connected to sgijgp bae 14
regul ator, 15 said second junction of said resonant subcircuit being
connected to a collector of 16 said transistor. 17 1 8. The sw tching
system according to claim7, wherein said first radio frequency 2
generator subcrcuit further conprises: 3 4 a radio frequency choke-
connected in series between said output side of said voltage 5 regul at or

and said firgt of sai sopant subcircuit. . The swi tching
devi ce accor di ng %tggmsccﬁ ﬂa‘""gsa gr@W@f"i?’H jterand a Pasesampeeted E?o‘é"idt"t‘\ﬁ’l"ts‘de?f hpri ses:

3 4 5 afifstOCHBREFr having a first and a second plate; and 6 an
i nductive I dop of a third conductor having first and second ends; 7 said

first pl atel@f §ﬁamééﬂéaﬁdﬁamﬁdée%eﬁga%m?&””f%ﬁ%&o al L first end of

said third C uct t her.eb rst Ton 6 sai d
resonant subgi r%ﬁjlc tR@\h ng e 3 a§%’€%ﬂ“ﬁ9f’%te of sai d f| rst- capacitor

bei ng connedfed to $ak dirssioainel ofsaid resonart sdibiradtbaing &innebtexion saiC bcltage t her eby
form ng sai d4second rpguledri on of said resonant 12 subcircuit. 13 1 12. The

swi t ching sygt em acg%qb&gd Retioh QL& Nsald resonant subcircuit
further 2 gpnprises; ia b cun?#n%gd%ﬁsr%'x\@sgboqﬁ%ur'tl sﬁ"ﬁ&"me eaatf’ ﬁtaﬁ??t or
having first and se&dH @Wﬂg each 5 connected to said third conductor 44 3

January 200867
8. The switching systern according to claim 7, wherein said first radio frequency

-generator subcircuit further comprises:

a radio frequency choke connected in series between said output side of said voltage
regulator and said first junction of said resonant subgircuit.

9. The switching device-according to claim 8, wherein said resonant subcireuit
| comprises;

. afirst capacitor having a first and a second plate; and
an inductive loop of a third conductor traving first and second ends;

said first plate of said first capacitor being connected to said first end of said third
conductor, thereby forming said first junction of said resonant subcircuit;

\DOOQCAMAMN#Q\U!&-WNH

[
<

said second plate of said first capacitor being connected to sald second end of
+ said third_conductor, thereby forming said second junction of said resonant
subcircuit.

bl e el
O N

12. The switching system according to claim 62, 'Whereiri said resonant subcircuit furthar
comprises:

a tuning jumper comprising a sixth conductor having first and second ends each
connected to said third conductor;

th b W N

44




6 said tuning junper being adapted to pivot at said first and second ends,
thereby 7 rotating relative to said third conductor. 8 1 20. A

sel f - powered swi tching systemconprising: 2 3 an el ectrogghhyfy bo@nsducer
having first and second ends, said e[ectroactive transducer 4 conprising;
5 a first electroactive nenber having opposing first and second el ectroded
major 6 faces and first and second ends; 7 a flexible substrate bonded to
sai d second major face of said first electroactive 8 nenber; 9 said

flexi bl e substrate having first and second ends adjacent said first and
'10 second ends of sajd first el ectroactive nenber, 11 wherein said

el ectroactivé trans&ﬁ‘gép‘qgé“"ﬁﬁ&?ﬁ'@&dﬁﬁeﬂ@f%hﬁtﬁ?léﬂwnﬁF?@t‘d P theBlY to a
12 second podi t raiatingeiativectp paid thid caduasdr. a force to-said el ectroactive
transducer; 33 and wherein said el ectroactive transducer is adapted to
return to said r om sai.d second position upon rel ease of
said force fromﬁgaf l %%:'%#gmaﬁmc\’/?sg ‘ﬁ’&?ﬂ%’@’ 15 and wherein upon said
def ormati on 4nd said return between said first and second 16 positions,
sai d el.ect r oact aveéedimantiseiiameduckichagidg risEthdlsecoll@ BRspdaR dttredtvd thaasdudgr Vol t age
17 potenti al 4begamgn§al d first electroded major face and said second

el ectroded j or fac nting nmenber _for retajning.said first -
end of sai dngl ect r oac |t\7|5§{ 'H%E'ﬁ@g?rhaﬁgg Wﬂ“mﬁf‘?ﬁ??f*ﬁ%&e@dﬂﬂ?ﬁ sing a

plate adjaceft said 4%FamdfEtandecangandsil exi bl e 21 substrate and said first

maj or face of said fiflesible eltegdte bardbd wWeaRRBRMY ma? fatebidald ik Eled@acmeber
conpri sing retaini ngheaRs adj acent said first end of said 23 flexible
substrate ang opposite sal jor face of sajd first electroactive .
member; 24 25 pressure ap ?"@3?? W%ﬁﬂ@%ﬁ“ﬁﬁ“"cﬂ'ﬁ?ﬁﬂa s&'dff%‘?l@'é‘fto :
sai d second®nd of &8GoAC oisef wid fire sleckrapstivermamiducer , sai d pressure

appl i cati onineans beheginaddpleeitbativeappidica i QBESd toazfowfnﬁdxaiﬂ%bosﬁmndﬁ‘ orm

said el ectrQ@ctse\é&ﬂﬁaaﬂﬁ%s@ép;ﬁ.éa%m%&::L':Js%heﬁ&éﬁéchmmkgju%&ld SeC?;‘gt .28

posi tion, greby gen wf'i‘e&é gac? I rst ?‘? ¥ a
conduct or eI ect ri ca e %3""”8“'§%W$ %L agﬁ‘pé?f’tt? E&gﬁg’rﬁ]d&mf’%t@“of
said first %1 f&"éiafdrﬁfa@ﬁ PPEItiqRIPER Feleags of said force from sald electroactive transducar;
‘ 15 and wherein upon said deformation and said retum between said first and second
16  positions, said electroactive transducer is adapted to generate an oscillating voltage

17 . potential between said first eleciroded major face and said second electroded maijor face;

18 K ‘
12 a mouniing member for retaining said first end of said electroactive transducer;
‘ 20 sald mounting member comprising a plate adjacent said first end of said flexible

21  substrate and said first major face of said first electroactive member;

22 said mounting member comprising retaining means adjacent sald first end of said -
23 fiexible subsirate and opposite said second major face of said first electroactive member;
24

25  pressure application means for application of a force to said second end of said

26  electroactive transducer, said pressure application means being adapted to apply a force
27 sufficient to deform said electroactive transducer from said first position to said second
28 position, thereby generating a first voltage potential;

29 .

30  afirst conductor electrically connected to said first electroded major face of said first

31 electroacﬁve‘member;
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3 January 2006 32 33 a second conduct or electrically connected to said
second etectroded major face of said 34 first electroactive nenber; 35 36

a rectifier electrically connected between said first andg ggmzwductors
in parallel with 37 said first and second el ectroded maj or faces of said
el ectroactive transducer; 38 .39 a voltage regulator having an input side
and an out put side; 40 sai d input side of said voltage regul ator being

el ectrically connected to an output 41 side of said rectifier, 42 *43
first signal transm ssion neans electrically connected to said output side
of said voltage 44 reqgulator, 45 said first signal transm ssion neans
conprising a first.radio frequency generator 46 subcircuit connected to an
ant enna; 47 33482 §¢agnrhgondustor pleétisallyreamsctédio said sabnd aleptraddd major fadeghsdd
transmitted by Seidbchidcsl nfn@eal 49 transnission neans; 50 said signal
recepti on ngans being adapted to gener ate a second signal. in 51 response
to said first signal transmtted said first signal transm ssion nmeans;
and '52 53% s K" Herricaly canﬂqc?eé'tbe?ﬂ’ﬁgn saibfrtandsegonsdontistqsoibiperalii wits 4. sai d
swi t ch bei n@7i nsaidiirstand sssondosfeciibddd rsdordaces ghiald clecpivedansaeasts; 55 sai d

swi tch bei ngsadapted to change between said first position and said second

56 position,n C nal {, 1 21. The sw tching
system accor%jl n{‘;&?tg c?%latt&é%‘ﬁn%" m%‘ﬂs’%g a'b‘l" é"é’f‘?‘lfactl ve transducer 2 is
sel ected frdh the gf8tiiBPEsHpef sidipitags regwprdeing Plectiqelirermneasdio an output

ferroel ectr#t transddedssid re@fiami nor phs, bi nor phs; nononor ph bender s,
asymmetricakty stress biased el ectroactive .4 devices, prest ressed

el ectroacti [ ans rs | E.. 5 trans and
THONDER act tat gﬁés“sﬁgaﬁ 'B%N%%\‘/eeg%a S ?Y“"‘s‘&‘/%%m it e ?"Ssa@wa?aﬁ? 20,
wher ei n sai 314 pr Bl application 2 neans further conprises:
said first signal fransmission means comprising a first radio frequency generator

46 subcircuit connected to an antenna;

47

48  signal reception means for receiving a first signal fransmitted by said first signal

49 t{ransmission means; ) '

50 said signal reception means being adapted to generate a second signal in
51  response to said first signal transmitted by said first signal transmission means; and
59 ) o
53 aswitch having a first pasition and a second position;
54 said switch being in communication with said signal reception means;
.5 said switch being adapted to change between sald first position and sald second
56 position in response to said second signal.
57
T 21.  The switching system according to claim 20, wherein said electroactive transducer
2 is selected from the group compnsmg plezoelectric iransducers, ferroeleatric transducers,
3 unlmorphs bimorphs, monomorph benders, asymmetrically stress biased electroactive
4  devices, prestressed electroactive devices, RAINBOW transducers, MOONIE
5 transducers, and THUNDER actuators.
6
1 22 The switching system accordmg to claim 20, wherein said pressure application
2 means further comprises:

46




46 3 January 2006 4 rel ease neans for renoval of said force to said second
end of said electroactive 5 transducer, said rel ease neans being adapted to

renove said force at said second 6 position; 7 8 and whegghf,3@bsoef | exi bl e
substrate conprises a netallic substrate having a restoring force 9
adapted to return said el ectroactive transducer to said first position; 10
11 and wherein upon said renoval of said force fromsaid second end of said
el ectroactive 12 transducer, said restoring force of said netallic :
substrate returns said el ectroactive 13 transducer through said first
position to a third position and decayingly oscillates to said 14 first
posi tion, th?ereby generating said oscillating voltage potential. 15 1 -
23. The swi tthirpigassyepasticarsmoval bhgid force toasainsand whibsfehial cfdirdkeBiagnal

transm ssions Zrafmed, alrbbede SRR bbigfsiaptad to‘ha:ﬁow}e%ﬁ f&-@é‘%ﬁ%%&wﬁ&’bc' reul t
havi ng an |rg)utpo§ih-&i,e and an output side; 5 sald input side of sald tone
generator subcircuit being connected to said output 6 side of said voltage -
regul at or; 17 sai d out put side of said tone generator subcircuit being
connected t & sahdwhirels said Bexitfeldubsifate CoRPNSss RARNAIBSratd IRging 6 Wstorinrorcd  24.

The swi.tChi Bg  SUSHEIT A6 bl BlctcfledafBsachs 10ARITEh fodiBhe! LONe gener at or
subcircuit 42 conprises: 3 4 an oscillator array having an input side and

an output side; S said input side of said oscillator array being connected
to said outPut 287 HFTER URAUY SFid remersl efsgid fareqfidnpsaist sectnd edidat ¢aicetssiredctive havi ng
a grounded ¥ni teesducencaid rsdsing COGEGHIA thotalic Satistatd Wi s@d Slectobcisai d 9
oscillator ar I aasdadinidlgh Ldia A st o aird 1380 na Beldilo) SARMNES Qs NaVI NG

I rst an SﬁCOlﬂgt &ﬂ%ﬂ. there%y generating said osdllaﬁng voltage potential.

15

- 23. The switching system according to claim 20, wherein said signal transmission

means further comprises:

a tone generator subcircuit having an input side and an cutput side; |
said input side of said tone generator subcircuit being connected to said output .
side of said voltage regulator;
said output side of sait tone generator subcircuit being connecled to said first
radio frequency generator subcircuit.

24. The switching system according to claim 23, wherein said tone generator subcircuit
comprises:

- an oscillator array having an input side and an output side;
said input side of said oscillator array being connected to said output side of said
voltage regulator;

a transistor having a grounded emitter and a base connected to said output side of said
oscillator array: and

-\omqmmhwmm‘owqo\dawu-w

- fed
-

an inductive loop of a third conductor having first and second ends;

T ek
R
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47 3 January 2006 13 wherein said first radio frequency generator
subcircuit conprises a resonant subcircuit 14 having a first and a second
junction; 15 said resonant subcircuit having a first capagi,@Qf hé1g a
first plate and a second 16 plate; 17 said first plate o?%g‘i’aﬁ?w@t
capaci tor being connected to said first and of said third is conductor,
thereby fornmng said first junction of said resonant subcircuit; 19 said
second plate of said first capacitor being connected to said second-end of
20 said third conductor, thereby form ng said second junction of said
resonant 21 subcircuft; .22 said first junction of said resonant subcircuit
bei ng connedt ed'herringidifirelredinreayerr geferatd 3ulsdicdlt cpobtiseg e resoupnt @bdircuit 24 sai d
second j unct4 orhagihg & sitstlandessoaHAunsebaoi rcui t bei ng connected to a col |l ector
of 25 saidyfransi stQh; ; rel aid first i o _freguency
gener at or sg‘pci rcul t ;ﬁgﬁgﬁ&&%??%gagﬁ?ﬁéﬂ%fo?v'"gfé{rs?gllﬁﬁ@% 3%9°|°ﬂgseri es
bet ween sai d out put PEI%e of said vol tage regul ator and said first 29
junction of Ysai d resa¢Hst plaje bicaid et ¢tapaciBObeirly @bneciideo saki firetlaivdief ssid shir@m
according tm cl ai m 2éhdutioe theieby Savich DRGidt AR Uagé’{%%s&{#ﬁttst]&{gcuigl conpri ses
an inverterjarray c Out put _si ', 1 d vol tage

regul at or lgaand saigga %ﬁ@g%\ﬁé}é!%@%ﬁ %r?gf"%f %&PQ ‘Z‘f""‘i&fg‘? sﬂ?‘ﬁﬁw FEE ng

syst em accofdi ng t oSTf Birflrotuctorberebyiostingrald sesendiungtian of paidjigsanegt 2
gener at or stbci r cui sutickcuitunabl e to a first frequency different froma
second frequency of said@fisganéh of aslh RsblaRO4BRRVI BS Mad W St Lige & 1

27. The swi4;chi ng sygh rding to claim?23, erein sald first tone
gener at or d 2 sa%laa ?‘{Hra@%'%&g ':"rg frequency generator subcircuits conprise

a at’' | east One progFEhiesaMbunsten seid peserant sHbeircuit heing crgnactasido 8 gplieethi of g
syst em acco¥di ng tosad w@nsisR@, wherein said signal reception neans 2 -
further comngsrises: 3. )
27 and wherein sald first radio frequency generator subcircult further comprises an inductor
28 connected in series between said output side of said voitage regulator and said first
29  junction of sald resonant subcircuit.

30
1 25 The switqhing system according to claim 24, wherein said oscillator array further
2 comprises an inverter ammay connected between said output side of said voltage regulator
3 and said base of said transistor. '
\ ®
-1 26, The switching system according to claim 20, wherein said first radio frequency
2 generator subcireuit is tunable to a first frequency different from a second frequency of
3 second radio frequency generator subcircuit; )
4
1 27 The switching system according to claim 23, wherein said first tone generator and
- 2 said first radio frequency generator subcircuits comprise a at least one programmable
3  encoder circuit.
T4
1 28 The switching system according to claim 20, wherein said signal reception means
2 further comprises: '
3
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48 3 January‘2006 4 afirst radio si gnal receiver for intercepting said
first signal transmtted by said first radio 5 frequency generator

subcircuit and a second signal transnitted by a second r agisgnéar) 6GB eNCy
generator subcircuit; and .. 7 8 decoding neans electrically connected |
bet ween said radio signal receiver and said swwtch 9 for generating a |
~switching signal in response to said first and second intercepted signals. |

To 1 29. The switching systemaccording to claim 28, wherein said decoding
means further 2 conprises: 3 4 a nenory for storage of one or nore signal

Cecond 1 nt or aepi 10 SRR el BF RiceBlnd e s rbmipa s Fortde. |
sai d menory, °8 THFURPRY PRSI Skrireriland imisgeand signal dremsmittet b3 2 secomil tadki ng si gnal
in response fo HedudndyigemratdGubdirtuett Pt ed si gnal upon sai d conpar at or neans'

determ natiop that said first intercepted 11‘ngnaI mat ches said one or
12 13 and wherein said decodi hg neans

nore signal P Ofid dofifa ngaie%a_ nory, I [ ¢ odi |
does not generaté a st chng o FRArcted paturen said eadjasionalaeceiyprpng saig it

i ntercept ed i gitasengmtng savitehinasignatiatesponse tmesid file ed sdcorattintonegididigraa d 15
second i ntedAgepted signal does not match any of said one or nore signal
profiles in saigh 1GndBHRANA ] in said switch is ted to
change from sai 'n t po@?‘ ?ygt%%tao Sgﬁ%@g&é&@g%@ vg'f?‘"ﬁ’ggidf’wgﬁ‘gir??a?%g@%ﬁse to
said switching si d’nael "generated by said decoding neans. 20 1 30. The

swi t ching syStem according to claim29, wherein said decoder means 2

'conprises 3# 4amembrg fuDBIDAGESIHAE of Mbre dighkigfditiali ng between said first
i ntercepted signal and said second s intercepted signal; and; 6
' 6  comparator means for determining whether said first or second intercepted signal
7  matches said one or more signal profiles in said memory;
8
9  wherein said decoding means generates a switching signal in response to said first
16 intercepted signal upon said comparator means’ determination that said first intercepted -
11 signai matches said one or more signal profiles in said memory;
i2
13 and wherein said decoding means does not generate a switching signal in response to
14 said second intercepted signal upon said comparator means’ determination that said
15 second intercepted signal does not match any of said ona or more signal profiles in said
16  memory;.
17

18 and wherein said switch is adapted to change from said first position to said second
13 position in response to said switching signal generated by said decoding means.

20
1 30. The switching system according to claim 29, wherein said decoder means
2 . ‘comprises:
3
4  amicroprocessor for differentiating between said first intercepted signal and said second
5  intercepted signal; and;
6
7 storage means for entering one or more signal profiles into said memaory.
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7 storage neans for entering one or nore. signal profiles into said nmenory.
49 3 January 2006 8 1 31. The switching system according to clai m30.
wherein said storage nmeans further 2 conprises: 3 4 a sggjangac{g,agé si gnal
receiver for intercepting a third signal transmtted by athird'radio 5
frequency generator subcircuit. 6 1 32. The switching system according to
claim 20, further conprising: 2 3 electrical energy storage neans having a
first and a second termnal; 4 said first termnal of said electrical o
energy storage neans being electrically = 5 connected to the output side of
said voltage regulator; 6 said second termnal of said electrical energy
storage nearfs being electrically 7 connected to ground; 8 whereby said
el ectrical enerddy sTioradienimERSem EBYOigAb BlaitTBOBMIRSSN idiPdtoRYE RinsQlirngai d 9
vol t age regul ateghmprist® 1 33. The switching system according to claim 20,
further conprising: 2 3 electrical energy storage neans having a first and
a second termnal; 4 said first termnal of said electrical energy storage
means bei ng ‘el @&SeFInd Jdiqsigng! recnimecivt isterdepting laehind slgpal trassintitedy ethirdradiect i fi er;
6 said secornsd trequwhaajenahtosaibdirRitect ri cal energy storage neans being '
electrically 7 connected to ground; 8 whereby said electrical energy
st orage means npy gre. an electrical output of said 9 rectifier. 10 1
34. The switchifig sYSCEMRTEEEIPNPAT I te faimAaoshriher gempritsingconpri si ng: 2 3
trigger nmearfs connected between said pressure application neans and sai d.
first signal 4lettricanemtrgysdaye s having a first and a second terminal;

said first terminal of said electrical energy storage means being electrically
connected to the output side of said voltage regulator;

said second terminal of said electrical energy storage means being electrically
connected to ground;
whereby sald elactrical energy storage means méy store an electrical output of said

vaoltage regulator.

L =B B - T T T

Tk
<

33. The switching system according fo claim 20, further comprising:

-electrical energy storage means having a first and a second terminal;
said first terminal of sgid electrical energy storage means being electrically
- connected to the output side of said rectifier;
said second terminal of sald electrical energy storage means being electrically
conneacled to ground;
whereby said electrical energy storage means may store an electrical output of said
rectifier. ‘

L=I - IS B LY. W O T C R

(™
[~}

34.  The switching system according to claim 32, further CoOMmpIising:

trigger means connected between said pressure application means and said first signal
transmission means;

-and wherein sgid electrical energy storage means is adapted to supplement said output
electrical signal of said voltage regulator to said first signal transmission means,

=@ N th A U RN e
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6 and wherein

said output 7
signal transm
according to c
further conpri
system accordi
sel ected from
pl ates; toggl
rel ease | atche

said electrical energy storage neans is adapted to suppl enent
electrical signal of said voltage regulator to said first
ssion nmeans. 50 3 January 2006 35. The sw tg%ﬁ&h%@@@m

| ai m 33, wherein said electrical energy storage ans

ses: at |east one rechargeable battery. 36. The sw tching

ng to claim20, wherein said pressure application neans is
the group conprising: manual pressure; rollers; pressure

es; hinges; knobs; sliders; ratchets; tw sting nmechanisns;

s; spring |oaded devices; foot pedals; game consol es;

traffic activated devices; and seat activated devices. 40. A self- povvered

swi tchi ng syst et

second ends,2s
el ectroacti ve
faces and f|‘¥s
maj or face

c SRDYitEHiRgsystam actasding oakim 3% wherein said elettrilsdwhangy dhdrdgat  and -
anebne futbéricoapriseste transducer conprising;, a first

rrenber haV| ng opposing first and second el ect r oded naj or
tat? gﬁfﬁd ends; a flexible substrate bonded to said second
S0 geable PRYRYY. | v e menber; said flexible substrate

havi ng first? and 'second ends adj acent said first and second ends of said
first el ectroacsl ve Theskirhing WRehEiddodRb t iR Sb, rvﬁﬁféfn' S4fd &és@ﬂé(QHﬁﬁ&ﬁohs

adapted to def
application of
el ectroacti ve

qi@“%%ggw by RS borlibe i oy R BT Iors AR, sai o

'cﬂﬂf’@ P%bsaﬂﬁ?ﬁ-é'ﬁfc’ﬂ%s iigting meghanismbitelbasedatchesisipiton  from

sai d second %oﬁ@%@ﬁv@p%@ot edelssganefcopdied; tatficerivhlea deedstare sealdcOARE Ve
transducer ; 10 arivivdder ei n upon said deformation fromsaid first.position to
second p05|{1| on, said electroactive transducer is adapted to generate a

first volt
second el ec

ggtint bet ween said first electroded-nmgjor face and said
d i"‘bﬂ“efeg@é’"%chT@mﬁ"m%n said return fromsaid first

position to‘-”second position, said electroactive transducer is adapted to
generate a Becaneiouniabing Caple hivklg MR HERRoRAls, sg.hre%r&ac@&ttraﬂgﬁﬂer”ai or.

face and sajsd

nmenber for 1%6t

LeRMkgel ectroded major face; 51 3 ‘January 2006 | a mounting
d first end, said second end or said first and

ainin
second 2 ends of sagtliﬁ‘ W‘@dﬁeﬁ“i‘t\?éh‘ivf"&ﬁg’éﬁ?@érﬁ'st and second electroded major

13
I9
20
21
22
23
24
25
26
27
28
-29
30
31
32

faces and first and second ends:

a flexible substrate bonded to said second major face of said first electroactive
member;
; said flexible substrate having first and second ends adjacent said firstand -

second ends of said first electroactive member:

wherein said electroactive transducer is adapted to deform from a first positionto a
second position upon application of a force to said electroactive transducer;

and wherein sald electroactive transducer is adapted to retum to said first posltidn ,
from said second position upon release of said force from said electroactive transducer;

and wherein upon said deformation from said first position to second position, said
electroactive transducer is adapted to generate a first voltage potential between said first
electroded major face and said second electroded major face;

and wherein upon said retum from said first position {o second position, said
electroactive transducer is adapted to generate g second voltage potent:al between said
first electroded major face and said second elsctroded major face;

51
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3 said nmounting nmenber conprising-at |east one retaining neans adj acent

said first 4

end, said second end or said first and second ends of said

flexible substrate-off said first 5 electroactive nenber; 3 @nfarpegsure
application neans for application of a force to said first end, said second
end or 8 between said first and second ends of said el ectroactive
transducer, sai.d pressure 9 application nmeans being adapted to apply a
force sufficient to deformsaid el edroactive 10 transducer from said first
position to saird second. position, thereby generating a first 11 voltage

potential;

2 13 a first ductor electrically connected to said first

co | _ :
el ect r oded mjij of 0531’@9(5?9"?5\'@" laniie saig firshende $3idhircpid and pseiskirst andsecqs! o
second conduét ofn¥s kit plediiopstive semsdetesd to sai d second el ectroded ngj or

face of said3
electricallyg4
with 20 saig
t ransducer,

side; 23 sai §
connected to7
transm ssi ong
vol tage 27

first radio

31 electricdf
, said firstut
el ectrically,
3 January 2Q0
means beinglf

is
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
3z
33

Rl e e e A T
r i i . »
i 'e@F _ g\r}d ge ond S%Fg%t r"lg g%?"ﬁﬁﬁdosro??%{%g?%%f“gﬁ °Zfaé‘£?'$toact ive
1 C4CN/BMEAYE" r egul at or having an input side and an out put

i nput side of said voltage regulator being electrically
anprestiups Bpplickforbinekhs ®r apicatioh €4 fofde s saiRst ehd sgfg sSdond bR
MESdiSedy) i ; e 0. saj.d out put s[de o? sal d-
egyl Et girs%ﬁtfég tgg(% %f\é?ll%?és?'tg ggfitsaﬁae?ec???ik?ﬁfag?f‘)ﬁﬂ' S Enpri sing a
r eAFEDN Esﬂb‘fb, ging pdapses ta apRlY 3 forreEuifiient dxdeiamisaid glectactivana: 30

efrsgicesrem sajbfintrasitiontasaid secand pdstion, andlety goneaing afigt N nal ; 32
t evaligedotadtiaisai d el ectrical energy storage neans being

33 connected to thé output side of said voltage regulator; 52
6 |, .said, second termnal of said electrical energy storage

| 0P @At clpr slscticafiy.ennpesied te seid Batmiectroded major face of said first

slectroactive member;

a second conductor elecirically connected to said second electroded major face of said
first electroactive member; '

a rectifier electrically connected between said first and second conductors in parallel with
said first and second electroded major faces of said elsctroactive transducer;

a voltage regulator having an input side and an output side;

said input side of said voltage regulator being electrically connected to an outpui
side of said rectifier; '

first signal transmission means electrically connected to said output side of said voltage
regulator;

said ﬁrst signal fransmisslon means comprising a first radio frequency gererator
subcircuit connected to an antenna; '

ele,ctrit_:al energy storage means having a first and a second terminal:

said first terminal of said electrical energy storage means being electrically
connected to the output side of said voltage regulator;
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3 whereby said electrical energy storage neans nay store an el ectri cal
output of said 4 voltage regulator; 5 and wherein said electrical energy
storage neans is adapted to suppl enent said el ectrical 639%%&2@66 sai d
voltage regulator to said first signal transm ssion neans wt ald stored
7 output electrical signal of said voltage regulator, 8 9 signal reception
means for receiving a first signal transmtted by said first signal 10
transm ssion neans; 11 said signal reception nmeans being adapted to
generate a second signal in 12 response to said first signal transmtted
by -said firsg signalg ik n 14 a swit.ch havi a first
posi tion andia secona{j s(@;és?alﬁmeﬁ-(%ha(?g daele "cgpﬁngﬁyﬁtgﬁﬂﬁm?ﬁ?sgﬁ'ﬂﬁﬁ'ﬁaﬁﬁ'p’?on with
sai d signal ?ec‘é"ﬂf‘?%’ﬂj EE’QH%‘L .16 sai d swi tch bei ng adapted to change

bet ween sai d3 f i wkereyssid eledricaherrgyatalageanams mal dopemielsitfcal bitput @sRANSE t 0
sai d second &i gukhge rbgulatd; 41. A sel f-powered swi tching system conprising:
2 3 an el ectroe er, _havi first agnd, second ends, said .

el ectroact i vge t%gn ﬁel(i:r{es%%%ia SHSPrY sﬁg'ﬁg%"‘&a‘ﬁ 5 ajerieql losppricteent Sald Rigsirat
havi ng opposf ng LFWgftsagrva'tagece@watoewmdrﬁmyeanam@mnssnen meenssvithsaidStorest  and
second. ends? T7ouput blestiidal sigraldf sald editegdagdatnt 0 sai d second maj or face of
said first eéectroactl ve S menber, 9 said flexible substrate having
first and seg saldflrs 10 _second ends of said first
el ectroact i ve ?{]%ﬂ%ep?%l g'gl;eolhecew' Y= 8fs E'?'?%WWBEWWWE’@F"“ s adapted
to def ormfr‘%m@“f‘”‘&s??“'ﬁ%ﬁl on to a 12 second position upon application
of a force to said euiésiyndactptivembararintigeaapted B gamnsaty\l 8sc@hdsigl B :

el ectroacti ve tressonsdisakid fist R aRemH8a B,e‘éalﬂ ﬁst ][.é %.%n{,ésfoﬁﬁneaﬂé hgon 14

from said sgcond position upon rel ease of -said orce fromsald
electroactlve transducer; 53 3 January 2006 15 and wherein upon said

def or mat i on*¥ r Gh*EISY Ba“?’\graé"fﬁﬁ?ﬂpt‘?%ats%ée%ﬁmﬂpom tion, said 16

el ectroacti ¥e tr ansédai¢ewiich beisgliapbesiubicatipn weh aiie signal net&@horv:aéérage pot enti al

between saigh first sdids@lch6binPalRgied® MHanfdb8waddaadhtoiRieR Itk ShfsdLded
mej or face; position in response to said second signal.

" 18
’ 41. A self-péwered switching system, comprising: -

an electroactwe transducer having first and seoond ends, said elecfroactive transducer
comprising;
a first electroactive member having opposing first and second electroded major
faces and first and second ends;
2 floxible substrate bonded to said second major face of said first electroactive
member; )

A I N S R ™

said flexible substrate having first and second ends adjacent said first and
second ends of said first electroactive member;
wherein said electroactive transducer is adapted to deform from aﬁrst posifionto a
second position upon application of a force to said electroactive transducer;
and wherein said electroactive transducer is adapted to return to said first-positian
from said second position upon release of said force from said electroactive transducer;

LI = S TR PR Y
B W N = O
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18 and wherein upon said return fromsaid first position to second
position, said 19 el ectroactive transducer is adapted to generate a second .
vol tage potential between said 20 first electroded major 3f grgsgngoeai d
second el ectroded major face; 21 22 a nounting nenber for retalning said
first end, said second end or said first and second 23 ends of said
eIeCtroactive transducer; 24 said nounting nenber conprising at |east one
retai ning means adj acent said first 25 end, said second end or said first
and second ends of said flexible substrate of said first 26 el ectroactive

menber; 27 128 pr es%hﬁﬁh@@@&dnﬁ%&th%@fc%ﬁ éfrén?samaﬁgl (’}fwtg%]ecgil%& tig ga to

said first qg e[e id.seco ‘g’d sai ends
of said el ectroac ?fgvpttfa&ﬁ ﬂd%?dapge&ﬁ%lg?%@?sﬂﬂ’% valigoppieniakitetvasn ﬁﬂ‘éﬁ@‘ bei ng
adapt ed to- é’bplweéﬁwrﬁa@ﬁﬁn@mworwmﬁmﬁcel ectroactive 31
transducer fizom sai énd itiidin mﬁlsauu@élum%ﬁ@bid fiREsRiMsh @%&é&nﬂ%ﬂn&m%ﬁdﬁby

generating' i@ félécﬁ&actl%zua\‘\.% g%-@u[%lg R +e%er‘ate dseaon% vg!talge Pglegl%?ge e éai?l [ st

el ectrlcallé c\(}ﬁgqgéte 0 sal tro
35 el ect roaét ma@%fawdéagée?ﬂﬂﬂe@m%@ﬂ?ff%ct rically connected
to said secéhd el ectroded maj or face of said 38 first el ectroactive

menber; 39 240 @mé@Gig .mrﬁtsereirmﬁmg:@d,d HsteAd R5E LEAnPEIIE SR fiRdt Sha'debcnli and

second condhgctq,_rg 03, said first and second el ectroded
maj or faces_of snal ﬁe?egtgéfdgactl vg}ﬁu?%%sducer 42 43 a voltage regul ator

having an i fibut si dERAFAUNLA MEMPRTCOBPRRNG ablsadi aneretailgtmening adisfentsgiddl ol t age
regul at or b&i ngndaiaeeednd ahd gr soidiing chskobral ehtls Gship ikxibld Bubsirgle ofaidTiat d
rectifier; 46 -efebtrddctiveimsim@hal transm ssion nmeans electrically connected to
sai d output,side of said voltage 48 regulator, 54 3 January 2006 49 said

first signal transm ssion nmeans conprising a first radio frequency
gener at or %80 SEATEH'P BeRlicaten ARt feprplicalion of afassaig said first end, sald second énd er

between sald first and second ends of said electroactive transducer, said pressure
30 application means being adapted to-apply.a force sufficient to deform said electroactive
31  transducer from said first position to said second position, thereby generating a first-
32 voltage potential;
33 :
34 afirst conductor-slectrically connected to said first electroded major face of said first
35 electroactive mamber;
36
37  asecond conductor electrically connected to said second electroded major face of said
38 first electroactive member;
39
40 arectifier electrically connected between said first and second conductors in parallel with
41  said first and second electroded major faces of sald electroactive transducer;

42

43 a voltage regulator having an input side and an output side;

44 said input side of said voltage regulator being- electncaily connected to ari output
45 side of said rectifier;

46

47  first signal ransmission means electricatly connected io said cutput side of said vo&age :
48  regulafor;
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51 52 electrical energy storage neans having a first and a second
termnal; 53 said first termnal of said electrical energy storage neans
bei ng electrlcally 54 connected to the output side of Sabgaﬁﬁﬁgbbﬁ?r’ 55
said second term nal of said electrical energy storage nmeans bel ng
electrically 56 connected to ground; 57 whereby said electrical energy
storage neans may store an electrical output of said 58 rectifier, 59 and
wherein.sald electrical energy storage nmeans is adapted to suppl enent said
electrical. 60 output of said voltage regulator to said first signa
transm ssion neans with said stored 61 output electrical signal of said |
vol tage regubator 6&d63tdgrantdnsmiea@{ThdanE coMABMg &Hfst FeI6 feylieNd gandritbist _
signal trangpi tdupdrdlY cpbded bhibmsingnal 64 transnission nmeans; 65 said o
signal reception neans being adapted to generate a second S|gnal in 66 ’
response to"said first signal transnmtted by said first signal transm ssion
means; and 3%7 @ertisakeipoy Blorags Magnsdafing s firstebd iatseemd amiingl; second posi ti on;
69 sai d switgh bei nga-ufrsnemmanbmtdleﬁ&nw&:hb@ﬁdt&a@drﬂmlsbéiﬁg:ﬁmﬂcm means; 70 -

sai d sw t chsbei fgnagtant &d xol n said first position and sai d
second positjon 71 i.n reghBu ﬂg%ﬂ%’ second signal. 72 1 42, The

switching s 3%!53 t em ac&8P ﬁ?cﬁagieﬁmeifl g %ﬂd@fdﬂm 8?‘39%“@'39?1“‘8?’@(9P’F$ glefinicalier gy
storage - 2%fheafesngctpdihgreunshnpri ses: 3 4 at | east one rechargeabl e
battery. 551 Aiherchyauill blobtictlessyBisRRage GRIARS Insy HiBre andledritdi Bdbut eMBaghani cal
generation ﬁgaquﬁgr generatlng an OSC|IIat|ng vol tage across first and 4

second el ec ch H% 3 January 2006 6 a rectifier electrically
connect ed- P& a@l e§'t"°%{ ﬁﬁe'%ye‘é‘ff?ﬁf 'E?E’é‘éfsr"‘ld@&tfad st pRisragnsaid slectrical.

60 oulput of said voltage regulator to said first signal transmission means with said stored
61  output electrical signal of said voltage regulator;
© 62
63 signal reception means for receiving a first signal transmitted by sald first signat
64  transmission means;

:
2
i
|
i
;
]

65 said signal reception means being adapted to generate a second signal in
66 response to said first signal transmitted by said first sighal fransmission means; and

67

68  a switch having a first position and a second position;

69 said switch being in communication with said signal reception means; -

70  sald switch being adapted o change between said first position and said second position’
71  inresponse to said second signal.

72
1 42, The switching system according to claim 41, wherein said elsctrical energy storage
-2 means further comprises:
3
4  atleast one rechargeable battery.
5
1 43 A switching system, cbmprising:
2
3 electromechanical generation means for'géneratin’g an oscillating voltage across first and
4  second electrical terminals:
5
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7 8 a voltage regul ator having an input side and an output side; 9 said
input side of said voltage regulator being electrically connected to an
output 10 side of said rectifier. 11 a 12 first signal %ﬂ%ﬁﬁ |, 9ph@N nmeans
electrically connected to said output side of said voltage egul at or,
14 said first signal transm ssion neans conprising a first electronagnetic
signal 15 generator subcircult connected to transmitter; 16 17 signal

‘reception nmeans for receiving a first electromagnetic signal transnmitted by |

said first is signal transm ssion neans; 19 said signal reception neans
bei ng adapted to generate a second signal in 20 response to said first

el ect r omagnet i c2 Ectfirteledticalvoninected bbtyegrasatt firitiasd sesorgreidicticaldorsmiabsi on 21
nmeans; and 22 - 23 a switch having a first position and a second posi tion:

24 said switgh Qg&l@&eﬂe?uiéém@]&ﬁk &%d%“aﬁé]an ar&f"ﬁs' j.gnal reception neans; 25
e

said switch being ada 1 r st position and said
second 26 position T“H S5 ERid Bitaas raoudaierdring slpgiraly. copnrected ta an oqtpig
switching s¥tem ac@ldedfsagi rechifir] ai m 43, wherein said el ectromechanical 2
generation maans Is selected fromthe group conprising: piezoelectric

bender o natieb et BARSR e RS e GEH ol el AL BB e BT | b o

el ectroacti JdBeY¥s, " RAINBOW 5 transducers, MOONI E transducers, THUNDER
actuators; Hotary rragm@tsiamnglemesraitmmemdomﬁsinb aﬂateiém@ﬁagheﬂicggﬂar ators. 7

1 45. The sw tcd&hagtosmamméutgga;,@m@ral m 43, further conprising: 2 3
electrical gnergy storage neans having a first and a second terninal; 4

said first termnal of said electrical energy storage neans being
el ectrical Y 581 RePiudmass tohteceivinga firstelepironponstia tonebranguiited by sdidfigr ; 56
i3  signal transmission means; _
19 said signal reception means being adapted to generate a second signal in
20 response to said first electromagnetic signal transmitted by sald first signal transmission
21  means; and |

22
23  a switch having a first position and a second pasition;
24 said switch being in communication with said signal reception means;
25 said switch being adapted to change between said first position and said second
26 position in response to said second signai. '
27

1 44, The switching system according to claim 43, wherein said eloectromechanical

2 generation means is selected from the group comprising: piezoelectric transducers,

3 ferroelectric transducers, unimorphs, bimorphs, monomorph benders, asymmetrically

4  stress biased electroactive devices, prestfessed electroactive devices, RAINBOW

5  {ransducers, MOONIE transducers, THUNDER actuators; rotary magnetic generators; and
6 linear magnetic generators. - |
7 |

-1 45, The swilching system according to claim 43, further comprising:

2

3  electrical energy storage means having a first and a second terminal;

4 said first terminal of said electrical energy storage means being electrically

5 connected to the output side of said voltage regulator;
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3 January 2006 6 said second terninal of said electrical energy storage
nmeans being electrically 7 connected to ground; 8 whereby said electrical

energy storage neans may store an electrical output of sagd,Q,aPbb@oe
regul ator, 10 and wherein said electrical energy storage neans 1s adapted

to supplenent said electrical 11 output of said voltage regulator to said
first signal transm ssion nmeans with said stored 12 output electrical
signal of said voltage regulator. 13 1 46. The switching system accordi ng
to claim45, wherein said electrical energy storage 2 neans further
conprises: 3 4 at |east one rechargeable battery. 5 1 47. The switching .
syst em accor¥di ng t 4S5 Amine| ofspig elepticabenesiy gigrage means being elsstricalyal  ener gy
st orage nearfs faviergdaofdungt and a second ternminal; 4 said first termnal
of said el e r'imadebmﬁr@aemwna@?sﬁﬁaa&eaﬁinfagsewﬂé&ﬁwaﬁtpfu?of%&g“ect ed to
ki .

the output s d%,%eﬁgjﬂg{or[ecti fier, 6 said second termna sal
el ectrical ener storage neans being electrically 7 connected to ground;

r r e - -
8 wher eby s¥i d 2B Wearin iag? elagyisalgnestys meangisadapipdde eynplementsieidelectich |
out put of sHi d outgutiobssid voltags; reduliatarial salhfrstiaighal Fansthisdlod Ghdang aith €ibRgyd St or age

means i s adapt Qcipcut@esﬁmlsi@,ma{saﬁgjoqagglrg@ya{cjr_caI 11 output of said: voltage
regulator tQ said first signal transm ssion neans with said stored 12 '

output electrical signal of said rectifier. 13 1 48. The switching system
according td cl&i mA9 swighiop sysiers apegrdinade elpimcal wherrin sajd eleciricabeneray stemans
further congri seans@hericontpribeast one rechargeabl e battery. 5 1 49. The
swi tching sgstem according to claim43, wherein said first signal

transm ssion 2,08 ri.ses:..3 a first radi o frequency generator
subcircuit connect eg tr%c?'g'ﬁeéltﬁl ééﬁtr?g;' and 57

47.  The switching system according to claim 43, further comprising:

elactrical energy storage means having a first and a second ferminal;
_said first terminal of said electrical energy storage means being slectrically
connected to the output side of said rectifier: -
sa_tid second terminal of said electrical energy storage means being electrically
. connected to ground; '
whereby sald electrical energy storage means may stare an electrical output of said
rectifier; '

W % 3t b W N

[
(=]

and wherein said electrical energy storage means is adapted to supplement said elecirical
ouiput of said voltage regulator to said first signal transmission means with said stored
output electrical signal of said rectifier.

-
o B =

48.  The switching system according to claim 47, wherein said electrical energy storage
means further comprises:

at least one kechargeable battery.

49. The switching system according to claim 43, wherein said first signal transmission
means comprises:

W N = ta b W A e

a fir_st rafdio frequency generator subcircuit connected to an antenna; and

~

57




3 January 2006 $ a tone generator subcircuit having an input side and an
out put side; 6 said input side of said tone generator subcircuit being
connected to said output 7 side of said voltage regul at 0g;ja\,arf 2664 d

out put side of said tone generator subcircuit being connected to said first
radio 9 frequency generator subcircuit. 10 1 50. The swi tching system
according to claim43. wherein said first tone generator and 2 said first
radi o frequency generator subcircuits conprise a at |east one progranmabl e
3 encoder circuit; 4 5 and wherein each of said first programuabl e encoder
Ci rcuits is gdapted to be 6 programmed to generate one or nore unique
codes; s and ¥\here| each of said unique codes generated by each of said
first prograﬁmaﬁ 08e 9gneEgir Sulesireuit hawing ersinpiy sige fidanamitpuf siden each” of sai d

uni que codeségener atseid iripyt sideenf sdldNS gareratck Quistivbuit vling SinnBEeHH 84T BRAE encoder
circuits, 117 1 51. s;ﬁg@f@w\;oﬁ;yer} e em according to claim50, further
conprising: ¢2 3 Oq@%psmof% g transm SSi Qn neans cgggal sing a second at

| east one progra AE e gengierupeincdtheingrcarneptsd ettt Ry, 5 each
of said secohd TaYgIHamERter sbgredier circuits conprising a radio 6
frequency géherator subcircuit and a tone generator subC| rcuit;

wherei n each; ofsgsal drhg%mﬂ,gsygérgg&g%%gaﬁn&o‘g& | ts | S a vﬁ{' d to
r rein

be 9 progr one o I qué cot
each of salg uni que ga(;%ngfr?qﬁeer}%?ﬂieéa&”ﬁ tﬁWp@ﬁ?ét%BPﬁw ble 12
encoder circli t%?% gi{cfiler ent from each of said unique codes generated by
each of saidifirst 13 programmabl e encoder circuits, and different from

each of sai G UnRindWAesRGRS S30RKAL ﬁg%rar%ﬁaam ehdd8er UrlRE s RbpiERloe SECON -
pr ogr amabl g er}%ﬁ%ﬁmed tyz%gﬁetra = one or more unique codes; :
7
8  and wherein each of said unique codes generated by each of sald first programmable
9  encoder circuits is different from each of said unique codes generated by the others of
10 said first programmable encoder circuits.

=
-

51. The switching system according to cfaim 50, further comprising:

second signal transmission means comprising-a second at least one programmable
encoder circuit connected o an antenna:
each of said second programmabie éncoder circuits comprising a radio
frequency generator subcircuit and a tone generator subcircuit;

wherein each of said second programmable encoder circuits Is adapted to be
programmed to generate one or more unique codes:

- T T A N T R VN

—
Lol =

and wherein each of said unique codes generated by each of said second programmable
encoder circuits is different from each of said unique codes generated by each of said first
programmable encoder circuits, and different from each of said umque codes generated
by the others of said second programmable encoder cnrcults

A e el ek
L I N " &)
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3 January 2006 1 52. The switching system according to claimb51, where said
signal reception means 2 further conprises: 3 4 a first radio signal

recei ver for |ntercept| ng a code transmtted by said firsBjaru&9eo0s 5
signal -transm ssion neans; 6 7 decoding nmeans electrically connected

bet ween said radio signal receiver and said swtch 8 for generating a
switching signal in response to said first and second intercepted codes. 9 °
1 53. The-switching systemaccording to claim52, wherein said decoding
means further 2 corrpriseS' 3 4 anenory for storage of one or nore signal
profiles; and i@%’ arator means for determ ning whether said first or
second i nt ercepted dching gysierh aeroedingtp glalghgd, Wheragridsianayfeapriish BEFPes i n

sai d. nenory? duthgregmerisssn sai d decodi ng neans generates a sw tching signal
in responsesto said first 10 intercepted code upon said conparator neans

determ natign thal Sald inter cept ed cod tches said one or nore
signal profiles in sg)l %ré”éérverfm gt rc%%’"ﬁﬁc?"%ﬁwlbgpgp'ﬁdgba dgsé%(?ﬁfeﬁ@ ans does
not generatée a SERpE Pﬁ"f'rii“’ﬁf“@ﬂ'a‘i in response to 14 said second intercepted-
code upon s& d conparator neans determ nation that said 15 second

'ntercepted700%3&%%eﬂﬁ§eldmfc§l@cﬁﬁ%cﬁﬁhﬁﬂegnﬁﬁaﬂésué%i%éhMB B8k 5 i 0

d 16 f
22: d fi rs{mpom?lgt%ne t’%‘aggpig ' 5'8?13(5'" r%gtl”’ﬁﬁiﬁ"tsf"g ﬁ?df’%%’ﬁ'f}r‘fgﬂ%‘?pég °§i’ ° trom

swi tchi ng siPgnal generated by sai d decoding means. 20 1 54. The switching
syst em accondi B8 t o Tod Sitnhifgsysteaiceiniing i dibirfl 62, 0dtbrel s8I alRSoding hmPfitses: 3
4 a mcroprecegsapisk@r differentiating between said first intercepted code
and said segond 5 intercepted code; and,

4  amemory for storage of one or more signal profiles; and

comparator means for determining whether said first or second mtercepted codes
matches said one or more signal profiles in said memory;

{T- - SR N T

wherein said decoding means generates a switching signal in response to sald first

10 intercepted code upon said comparator means determination that said first intercepted
11 code matches said one or more signal profiles in said memory; -

12 ! '

13 and wherein said decoding means does not generate a switching signal in response to
14 said second intercepted code upon said comparator means defermination that said

15 second intercepted code does not match any of said one or more signal profites in said
16  memory;

17 , .

18 and wherein said switch is adapted to change from said first position to sald second
19  position in response to said switching signal generated by said decoding means.

20
1 54, The switching system according to claim 53, wherein said decoding means
2  comprises:
3
4  amicroprocessor for differentiating between said first intercepted code and said second
5 intercepted code; and;

59



59 3 January 2006 6 7 storage neans for entering one or nore signal
profiles into said nenory. 8 1 55. The switching systemaccording to claim
51, wherein said unique codes conprise 2 operation codes3sghg&iedog romthe
group conprising: ldentification; toggle; on; off; dim 3 undinr operate;
and a percentage of operating node. 4 1 56. The sw tching system accordi ng
to claimb53, wherein said one or nore signal 2 profiles are selected from
the group conprising: identification; toggle; on; off; dim undim -3 ‘
operate; and a percentage of operating node. 4 1 57. The switching system
accordi ng toécl aikm 53, wherein said signal reception neans 2 further
conprises: 3 a signal relay transmtter for transm ssion of an actuation
signal upon % ecerpae resfansfar enterihgonk boiors gighd! giflbs igBREEAGRPY Sai d decodi ng
nmeans; and 5% 6 a second switch adapted to change froma first position to

a second 0Sj tign | nse to said actuation_signal from said' signal
rel ay tragsn’il ttée%r g-h %g‘g%g'"%ﬁg’teﬂf‘fceﬁ’ﬁqé" ﬁ?}@tsérﬁhﬁa‘,‘bﬁa?ﬂ Hejayerodesfomprise, °

further conpti sqpﬁﬁt“’”°2d§sﬁgeﬁtﬁégﬁﬁﬁﬁﬁwamﬁpmng.ihqmﬁmcd.lto@e arofsae;ond ends
for transm ssi omdiot ossite au b gareertaghasd opatating @isiisal d si gnal transmni ssion

nmeans to saiqg rrermry for storage of said one or nore 5 signal profiles; 6
7 and wherei,n sggl d fransm ssion nmeans conprises a transmtter junper

connection 8 fo connec Ch'B?ls oS AT LT Ph e ow s silgtat cui t to
said first é’nd pﬁ‘fﬁ'e§3\'e(fe'9°tﬁ‘i’ BeyP 1erErerp qommising; Identifeatidn; sowdstapamroffi dimsunkich; si gnal
recepti on ndanrersiepmd seercantag@Eedfi opefatipggigl connection for 12 connection
of said nenary to said second end of said .progranm ng junper: 13 60

57. - The switching system according to claim 53, wherein said signal reception means

further comprises:

i

a signal refay transmitter for transmission of an actuation signal upon receipt of said
switching signal generated by said decoding means; and

a second switch adapted to change from a first position to a second position in respanse .
to said actuation signal from said signal relay transmitter.

- B8, The switching system according to claim 53, further compriéing:

a programming jumper having first and second ends for transmission of said unique codes
from said signal transmission means to said memory for storage of said one or more
signal profiles;

and wherein said signal fransmission means comprises a transmitter jumper connection
for connection of said first programmable encoder circuit to said first end of said
programming jumper;

\bmﬂQMhWMHwQO\M&MNF‘

b ek
E ]

and wherein said signal reception means comprises a receiver jumper connection for
connecﬁop of said memory to said second end of said programming jumper:

-
[V X
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3 January 2006 1 59. The switching system according to claim51, wherein
said one or nore unique 2 codes programred into said first or second
programmabl e encoder circuits are not 3 changeabl e after Bdahusay 2006
progranmm ng of said one or nore unique codes. 4 1 60_ The switching system
according to claimb51, wherein said one or nore unique 2 codes programred
into said first or second programrabl e encoder circuits are binary 3

codes. 4 1 61. The switching systemaccording to claim9, wherein said
oscillator array further 2 conprises an inverter array connected between

sai d output gi dgp of ﬁ@'s@tt&fﬂgts?ﬁ&n E&QI'HI tt@&alm?!'ﬂ Slgeren ol gd grf%sc?m%]%alusn%er i n

transi stor. 16 The sgv{ sys em acc

said radio f ?eqﬁoéjﬁ%gfc'%rﬁﬁﬁ'g nip %ﬁﬁﬁt P*?@gﬂrawmmb&ren@er giregits argp@ swi t chi ng
syst em accor #i nﬁ‘aﬂ@aé'ﬁ' afteniniti programeing obwiitbrisior sibreruadu@cddesquency 2
generator subcircuit is-tunable to- a first frequency different froma

second frequen of uenc eneratQr subcircuit. 4 1
64. The swit ghi g (TR SRRSO boldn i s AT R o el i o
generat or and 3%‘?/’89'?‘?‘5“8? '“Péﬁ'ld(‘?fsf P@&%HWQM@PO@ gisitsarne bivanz onpr i se

a at | east ohe ‘?ﬂdeﬁgr ammabl e 3 encoder circuit. 4 1 65. The swi tching
system accor4ling to claiml, V\/nerei n sai d signal reception means 2 further

P gnal 7 ansh t5eq S ShohfP el it GXn Elyertn st rcliebinmd 0ior cul

si‘gnal
and a second’ siGNArs FBW?P‘&?"B?“@W&Q%E@W ?Mladfﬁoﬁaa@qla@aWyeay@Wer at or

subci rcui t; Fandnd s7id Bashet eaid mgisie@ans el ectrical ly connected between said
radl*o Si gnal4 receiver and said switch 9 for generating a switching signal

inf eSponse 10 g3l dyfd éuﬁtt‘:hnﬁdﬂ'sq(stgﬁca%irdmg ltoec[al 68‘; %vq\er%!n%a% radio frequegc]y choke

2  comprises an inductor.

63.  The switching system according to claim 12, wherein said first radio frequency
generator subcircuit is. tunable fo-a first frequency different from a second frequency of
second radio frequency generator subcircuit,

64. The switching system according to claim 12, wherein said first tone generator and
sald first radio frequency generator wbcnrounls comprise a at least one progirammable
encader clrcuit.

e

€5. The switching system acocording to claim 1, wherein said signal reception means
further comprises:

a first radio signal receiver for intercepting said first signal transmitted by said first radio
frequency generator subcircuit and a second signal transmitted by said second radio
frequency generator subcircuit; and

decoding means electrically connected between said radio signél receiver and said switch
for generating a swilching signal in response to said first and second intercepted signals.

-~
‘DMQG\M-&'WMH-&NMM-AWNP‘W

bl
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3 January 2006 1 66. The switching system according to claim®65, wherein

sai d decodi ng neans further 2 conprises: 3 4 a nenory for storage of one
or nore signal profiles; and 5 6 conparator neans for deBganiudryagoswhet her
said first or second intercepted signal 7 matches said one or nore signa
profiles in said nenory, 8 9 wherein said decodi ng neans generates a
switching signal in response to said first 10 intercepted signal upon Said
conparator neans determ nation that said first intercepted 11 signa

mat ches said one or nore signal profiles in said nmenory; 12 13 and wherein

sai d decodi ng ngan t generat: W t.ching.si | i.n response to 14 .
sai d second Jnter cZ‘g@%ﬁ%@gﬁﬁe%f)%cﬁrdgné’??ig%'&ﬁga‘wﬁ?% -sﬁgﬁd'ﬂ%?‘g?%gﬁﬁ ion

that said 1¢ s&@YHE*¥nt er cepted signal does not match any of said one or
nore signal 3profiles -in said 16 nenory, 17 -18 and wherein said switch:

i s adapted t0 ahrdv@fy bl digeit Bnd driivdhe H5% bb@ds; by Sai d second 19 position
in response to said switching signal generated by said decodi ng neans. 2D
1 67. The switching system according to claim®66, wherein said decoder
nmeans 2 colfpr C¥BRAaty meangfopgaierainingdether salddirst g fetenddnietogrtthgiontsbt ween sai d
first interdeptetthes givaine antdoreaigdal patian th sahi memony: cepted signal. 6 1 68.
The switchigg systemaccording to claim®67, wherein said decoder neans

furth 2 i " 4 stor: f teri . i I
orof i s i nfo W Se ecoaiiy FoSieGiarER dfidion SGrd iutharac bara Ry 1o cl ai m

68, wher ei n%saiterepise sigeal yeanraidegmparator maansginfsmiiration that sald first intercepted.

11 signal matches said one or more signal profiles in said memory;

12 _

13 and wherein said decoding means does not generate a switching signal in response to
14 said second intercepted signal upon said comparator means determination that said

15 second intercepted signal does not match any of said one or more signal profiles in said
16  memory;

17 ] :

-18  and wherein said switch:is adapted to change from said first position to said second

19 position in response ta said switching signal generated by said decoding means.

0 L
1 67. The switching system according to claim 66, wherein said decoder means
2 comprises: : '
3 .
4 a microprocessor for differentiating betwsen said first intercepted signal and said second
5  intercepted signal. '
6
T 68.  The swilching system according fo claim 67, wherein said decoder means further
2 comprises:
3 .
4  storage means for entering ane or more signal profiles into said mermory.
&
1 69.  The switching system according to claim 68, wherein said storage means. further
2 comprises: S
3
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62 3 January 2006 4 a second radio signal receiver for intercepting a third
signal transmtted by a third radio 5 frequency generator subcircuit. 6 1
70. A self-powered switching system conprising; . 2 3 agJanuary 2006

el ectromechani cal generator for generating a voltage across first and
second electrical 4 termnals; 5 .6 a voltage regul ator having an input
side and an output side; 7 said input side of said voltage regulator being
el ectrically connected to said first 8 and second electrical termnals; 9
10 first signal transm ssion nmeans electrically connected to said out put
side of said voltage it regulator, 12 said first signal transm ssion neans
conpri sing a‘ i P&§8CORY B siandl ireetverdordnteiisanting a thirg signs! tiarsmitted b & fhird radio .
connect ed t o%a freqwaBdyigetepator saldedid a first tone generator subcircuit having
an input side and an output side; 15 said input side of said tone generator
subcircuit being,connected tp sajd output 16 side of said voltage

regul at or, 1? sg?d gﬁfﬁﬁ?mﬁ?ﬁﬁmé#m%ﬁﬁggbGW@“ﬁ@ﬁeratorsubcircuit bei ng
connected to%sai'd first 18 electromagnetic signal generator subcircuit; 19.
wher ei n sai d3f i anséledtronechgaics f&ichitorastheRdthhglavoidge BEB&I et BTRISRbAFeIsirRal
generator 20 suhkihdiguits conprise a at.l|east one; progranmmabl e encoder
circuit; 21 and wherein each of said first progranmabl e encoder circuits is
adapted to be 22 programmed to generate one or-nore.unique codes; 23 and
wher ei n each® of @ ¥4P¢F GaNierdadeaiersinpd side abdeh dypubsidy of sai d first
programmabl e7 24 encaidRputide etdidvditigdtebdifbDaing EleRAPEihnBltePBisdia dRi que

codes generaged by Tan@se%rt&eéie%uﬂgue%ﬁ,aéa' d first progranmabl e encoder
circuits; 26, 27 signal. reception neahs for receiving a first

elec%ronagne%ic signal transmtted by said first 28 signal transm ssion
means-, 29 3%4i dirdisigna frapsaission meanswenticalieionopctd apdaidbutmit gide et saldeoiags econd
signal-in 30 reeponae to said first el ectromagnetic signal transmtted by
said first gignal tEANENRHMYBnsmission means comprising a first electromagnetic signal -

13 generatar subcircuit connected to a transmitter; and ‘

14 a first tone generator subcircuit having an input side and an output side;

S 15 said Input side of said tone generator siabcircuit being connected to gsaid output
16 side of said voltage regulator; ’
17 - said output side of said tone generator subcircuit being connected to said first
18 -eléc;tromagneﬁc signat generator subcircuit; ‘

19 wherein sald first tone generator and said ﬁrsi electromagnetic signal generator
- 20 subcircuits comprise 3 at least one:pragrammabie encoder circuit;
5 21 and wherein each of sald first programmable encoder circuits is adapted to be
22 programmed to generate ane or-mare unique codes; |
23 and wherein each of sald unique codes generated by each of said first prograinmable
24 encoder circuits is different from each of said unique codes generated by the others of
25  said first programmable encoder circuiits;
26
g? signal reception means for receiving a first electromagnetic signal transmitted by said first
28  signal transmission means; ' '
29 said signal reception means being adaptéd te generate a second signal in
30 response lo said first electromagnetic signal transmitted by said first signal transmission
31 means; and '
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3.1 neans; and 63. 3 January 2006 32 33 a switch having.a first position
and a second position; 34 said switch being in comunication with said

signal reception neans; 35 said switch being adapted to chaggsarpepogeen said
first position and said second 36 position in response to said second
signal. 37 64 3 January 2006 71. The switching systemaccording to claim

70, further conprising: 2 3 second signal transm ssion neans conprising a
second at | east one programable 4 encoder circuit connected to an
antenna; S each of said second programmabl e encoder circuits conprising a -
second 6 radio frequency generator subcircuit and a second tone generator |
subcircuit; 7 8 wherein each of said second programmbl e encoder circuits =
i s adapted t3%® b@ swith pvigradimteesitoo ageaeembdpsiien;or nore uni que codes; 10 11
and wher eibln sgach gf sSabwicH BeiAYIA csﬁ,g??icggne,{uagagqiggm ,&gﬁ?bnq,f,e_aﬁg;i d secondd12
pr ogr anmmabl gsencoder, cL[ ; [ rent. frome of..sal d uni que codes
generated by 13 eagﬁ&,é‘?@gglé @g %‘?aP getc{t%%gﬁ ) T?'iﬁ%@&é’f""%‘?&éﬁﬁgfg‘?"%nd

di f f erent f:?éf)m eac h PBOR iy TEsRIRTefa S2id secopdeienal.gener at ed by t he ot hers of

sai d second3programuabl e encoder circuits. 15 65
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3 January 2006

1. 71.  The switching system according to clalm 70, further comprising:
3 second signal transmission means comprising a second at least one programmable ,
4 encoder circult connected to an antenns;
5 ' each of said second programmable encoder circuits comprising a second
6 " radio frequency generator subcircuit and a second fone generator subcircuit; i
&8  wherein each of said secand pmgrammabie encoder cirouits is adapted tobe
9  programmed to generate one or more uhique codes;

10

11 and wherein each of sald unique codes generated by each of said second

12 ‘programmable encoder circuits is different from each of said unique codes generated by

13 each of said first programmable encoder circuits, and different from each of said unique

14 codes generated by the others of said second programmable encoder circuits.

]
th
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