1 A self-powered renote control device Field of the Invention 5 This
invention relates to a hand-held renote control device enploying a power
generation unit. In particular, it relates to the construction and
architecture of the renote control device, as well as that of the power
generation unit. 10Background of the Ilnvention Renote control devices have
been widely applied for a great variety of applications. These days,

hand-hel d renote control devjces are ysed to contro| various electrical
appl i ances at hone. They aré&éﬂ§8@@§§al@ﬁ?ﬁﬂﬁﬁﬂﬂékﬂ§? i ndustrial equiprrent,
and ot her 15 devices that nmay not be conveniently wired, or where wiring is
aesthetically not sujtable. Conventional hand-held renote controls are
traditi ' thei Ahy batteries, but inherent in battery-powered systens

is tlke issue of inoperability when the battery's charge has been exhaust ed.
Battery-powered devices can al so, be damag%ed by the Ieakage of battery

fluids. THSdB¥eRtieBNreates de gubeid-pgldsre rol, devies | @8PIQYIBI pR Rryver
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manuf acturers have recently experinmented with nmechanically powered renote

controll ers. Specifically, 25 nechanical energy is derived froma human
usermpusﬁ?-é@ﬂéﬁgéigﬁ—'%ﬂ?{ﬁﬁnd t hi s nmechanical energy is converted into
el ectrical energy through the use of a piezoelectric energy generator.

However, sever al oblens |imt the practicality of these renote .
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of a butTidsel 8ay@UihbAd-held remote control devices are used to control various electrical
appliances at home. They are also used with vehicles, industrial equipment, and other

15  devices that may not be conveniently wired, or where wiring is aesthetically not suitable.
Conventional hand-held remote controls are traditionally powered by batteries, but

inherent in battery-powered systems is the issue of inoperability when the battery’s

charge has been exhausted. Battery-powered devices can also be damaged by the

leakage of battery fluids. In addition, large quantities of spent batteries are being

20 disposed into the environment and the disposal of these batteries with hazardous

compositions raises genuine health and environmental concerns.

To alleviate the aforementioned probiems, hand-held remote control manufacturers have
recently experimented with mechanically powered remote controllers. Specifically,
25 mechanical energy is derived from a human user pushing on a button, and this
mechanical energy is converted into electrical energy through the use of a piezoelectric
energy generator. However, several problems limit the practicality of these remote

controllers.

30 (1) The amount of energy generated through a user’s pushing of a button is quite
limited, and is often insufficient for powering remote controliers over an extended

period of use. Repeated pushing of the button is also tedious and can become

I

*159159*

uncomfortable for the user.
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limted, and is often insufficient for powering renote controllers over an
ext ended period of use. Repeated pushing of the button is also tedious and
can becone unconfortable for the user.
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the load of the circuit, and thus the generated electrical energy is not
efficiently transferred to the Joad, which in this case wuld be ih
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depends on several factors, such as, inter alia, the length of the digital

signal, the frequency of the 15 RF signal, the range required, the terrain

of the tramnmissmateriarRdidedin aratihd ehessiBSddidatiid ynigfark Rerrespemdes of ke ener gy
required for a (i\égic | transm s%iﬁon over ? range of 50 nmeters is e%bout 100
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Sinilarly, thehéibepiezdbietiretinits 6Rthe@8RbBYcOnGENIdreditifratel} Bi8pSdBdtdii Ng an
I nfrared signal al so depends on many factors. Based on current technol ogy,
an infrared transm ssion over a

The amount of electrical energy required for transmitting an RF signal depends on
several factors, such as, inter alia, the length of the digital signal, the frequency of the
15  REF signal, the range required, the terrain of the transmission medium, and the sensitivity
of the receiver. The energy required for a typical transmission over a range of 50 meters
is about 100 pJ based on currently available RF transmitter ICs and encoder ICs.
Similarly, the amount of electrical energy required for transmitting an infrared signal also
depends on many factors. Based on current technology, an infrared transmission over a
20  range of about 5 meters could require 350 pJ. There is thus a need for a piezoelectric
powered remote controller that can achieve these requirements without strenuous

exertion of force from the user.
Ongoing design and manufacturing improvements in piezoelectric powered devices are
25 improving efficiency and practical usage of these devices, but there remains significant

room for further improvement in the design and architecture of these devices.

Summary of the Invention

30  The present invention aims to provide a new and useful remote control device.

In general terms, the invention proposes a hand-held remote control device powered by
energy derived from the user shaking the device. A movable body resides inside the

remote control device, and electrical energy is generated when the movable body strikes



20 range of about 5 neters could require 350 0. There is thus a need for a
pi ezoel ectric powered renote controller that can achi eve these requirenents
wi t hout strenuous exertion of force fromthe user. Ongoi ng desi gn and
manuf acturing i nprovenents in piezoelectric powered devices are 25i nproving
efficiency and practical usage of t hese devices, but there renmains
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A third aspect of the invention proposes to further improve upon the efficiency of the
piezoelectric transducer through the use of curved ceramic disks. This allows bending-

mode deformation of the ceramic for additional electrical energy generation.

20 A fourth aspect of the invention proposes to improve upon the durability of the
piezoelectric transducer through subjecting the transducer to compressive stress in the

plane perpendicular to the direction of impact.

A fifth aspect of the invention proposes the use of non-toxic piezoelectric material in the
25 construction of the piezoelectric transducer, thus mitigating environmental concerns
associated with current commercial piezoelectric units which are made of toxic lead-

based ceramic materials.

Brief Description of Drawings

30
The advantages of this invention can be more readily ascertained from the following
description of the embodiments of the invention when read in conjunction with the

accompanying drawings in which:



A third aspect of the invention proposes to further inprove upon the
efficiency of the piezoelectric transducer through the use of curved

ceram ¢ disks. 'This all ows bendi ng- node defornmation of the ceramc for
additional ‘el ectrical energy generation. 20A fourth aspect of the invention
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Figure 7 is a circuit diagram showing schematlcally an arrangement which may be used

in certain embodiments of the invention, including a piezoelectric transducer with a

15  plurality of layers coupled directly to the storage capacitors, without the need for a step-
down transformer circuit.

Figure 8 is a photograph showing two fabricated power generator units, with one power
generation unit in an assembled state and the other power generation unit in an
unassembled state from the second embodiment of the invention.

20  Figure 9 is a graph showing the accumulation of energy stored in the storage capacitors
when the user shakes the remote control device from the first embodiment of the
invention.

Figure 10 is a graph showing the accumulation of energy stored in the storage
capacitors in an arrangement such as that shown in Figure 4.

25  Figure 11 is a graph showing the electric energy generated by both a flat and a curved
piezoelectric transducer from both the first and third embodiment of the invention.

Figure 12 is a graph showing the electric energy generated by both a single-layered and
a multi-layered piezoelectric transducer from both the first and fourth embodiment of the
invention.

30

Detailed Description of Embodiments

Embodiment 1:




l10generator unit with curved piezoelectric transducers. Figure 6 is a
di agram showi ng a fourth enbodi nent of the invention having the power
generator unit- with multilayered piezoelectric transducers. Figure 7 is a
circuit diagramshow ng schematically an arrangenment which may be used in
certain enbodi nents of the invention, 9ncluding a piezoelectric transducer
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Enmbodi megid df. the casing with a body of elastic material 11, preferably a spring. The movable

body 8 could be a stainless steel ball. At rest, the movable body is pressed against the
piezoelectric transducer due to compressive force coming from the spring, as shown in
Figure 1(a).
15
The piezoelectric transducer 9 can be made of a iead-free piezoelectric material, and be
in the form of a ceramic disk, with two electrode layers coated on its opposing surfaces. .
The piezoelectric transducer is affixed to one end of the casing using an adhesive 12
such as epoxy. lt is aiso preferable that the piezoelectric transducer is surrounded by
20 epoxy so that compressive stress is applied to the piezoelectric ceramic disk due to
contraction of the epoxy during the curing process. In addition, a protective layer 13,
such as a metallic plate, may be adhered to the surface of the piezoelectric transducer 9

which is being impacted by the movable body 8.

25 When the remote control device 1 is shaken by the human user along its longitudinal
axis, i.e. along the length of the housing of the device, the movable body 8 oscillates with
assistance from the spring. When the movable body 8 moves towards the spring, kinetic
energy from the movable body 8 is converted to elastic potential energy and stored in
the compressed spring, as shown in Figure 1(b). The elastic potential energy stored in

30 the compressed spring is then converted back to kinetic energy as the spring pushes the
movable body 8 away. In addition, because the user is also now shaking the device 1 in
the opposite direction, the user is accelerating the device 1 in the opposite direction of
the movement of the movable body 8. Thus the movable body 8 is accelerated relative

to the device 1 by both the compressive force of the spring as well as the acceleration of



5 An enbodi nent of the invention will now be described with reference to
Figure 1(a) and 1(b). Here, a renote control device 1 conprises a power
generator unit -2, an electric power storage device 3, a voltage regulation
unit 4, a control unit 6 (which is a digital encoder in this enmbodi nment)
coupled to at | east one input device ® (which are 5 pushbuttons in this
enbodi netht )dedics Nas &k Gpositd dituttion aageddly the Romah Dgerof the renote
controller, and a wireless signal transmtter 7. The power generator unit
conprises a novable body 8 having a mass of at l|east 3 grams confined
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energy as the spring pushes the novable body 8 away. In addition, because
the user is also now shaking the device 1 in the opposite direction, the
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wireless signal transmitter 7. The wireless signal transmitter 7 then sends out a wireless

signal according to the output received from the control unit 6.

25 The wireless signal transmitter 7 may comprise, but is not limited to, a radio frequency
(‘RF’) transmitter or an infrared transmitter. RF transmission of signals for remote
controlier applications is well known in the art. Advantages of RF transmission over
infrared transmission include lower energy consumption, a relatively longer transmission
range, and non line-of-sight signal propagation. A wireless signal transmitter 7 utilizing

30 an RF transmitter can be implemented using a suitable encoder and antenna. The
encoder produces a digital signal according to the state of the pushbuttons on the
remote control device 1. The digital signal from the encoder modulates the RF output
signal of the RF transmitter. The output of the RF transmitter is typically connected to an

antenna (not shown) for efficient radiation of the RF output signal. The RF output signal



The novabl e body 8, which is a ball in this enbodi nent, now returns at high
vel ocity and i npacts the piezoelectric transducer 9. The ball's nonentum
causes a strain in the 5 piezoelectric material, and this generates

el ectric energy through the piezoelectric effect. The electric energy
generated is stored in the electric pdwer storage device 3, which in turn
suppl i esis pMesicked uphsy aCélﬂidstndﬂﬁg RFGedditbribdateeBInS vigay. transmtter 7. In
this enbodi ment, there is also a voltage regulator unit 4 which conprises a
voltage 10 nDnltor 14, switch 15, and voltage regulator 16, as shown in
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30 Alternately, the piezoelectric ceramic disk can have a lead-free composition of
Bag.gsCag.152r0.1TigeOs (BCZT). The ceramic disks of BCZT were prepared from the raw
powder of BaCO,; BaZrO; CaCO,;, and TiO; through a similar solid state reaction
process as described above. The calcination temperature for BCZT is 1350 °C, and the

final sintering temperature is 1450 °C. After the electrode coating and electrical poling, a



10 di ode which woul d then be picked up by a corresponding infrared detector
and.decoder I1C located in the vicinity. A nmethod of creating the

pi ezoel ectric disks will now be described. The piezoelectric ceram c disk
here has a‘lead-free conposition of (1-x)K0.5Na0.5N003-xLi NbO3 (' KNN-LN' ).
15 x is a value which may be in the rdhge 0 to 0.1. KNN-LN ceranic disks

are prepsiéReidcirRBoefiiombtgiof 323 pCiN WaS0Btailsad6xIBCZ Needmiadigkd.i 2CC3, t hr ough
a.solid state reaction process. As the carbonate powders are noisture
sensitive, they are first dried prior to use and subsequently wei ghed
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t hi ckness of in syrfac di sks are then

The two
pol i shedra’EHH"erz%ac%%‘?'gawwtfﬁﬂgairﬁ‘?f ‘;’5‘3% 8"?‘1"?‘%‘6’ h%% CTECPBWFB?WH% t Wo
el ect rod@;ceTmerhéap“eﬁoe&cwctthnedim oasigsutyareecqupleddo e R0k ternhinals 30thl N at

40 r th S, 5Na0. Nb03 Li Nb03 wh = 0.06, a
oi 5Bkl ebaTmenep  WaFE fiereip s Mo RaRi i o leR th b AR ARy e
BI Szgglcg%tbrrlagg %gﬁm(;@gzgg 3k s}cg_?mhmﬁ@aré eadTihe g%pCdUWJOk f&ahsfg}nmafzo circuit |

a r | e eram Cc | SKS O re r alr e
oo L PP e JIPERante B0 BANEIS, MELoRET SRR Pt 17 SR e, ST oy
solid stpdverrstaage aBvips 0Cass aﬁérrﬁaﬁgbu@@d a@yﬁomTHiheomﬂhmmﬁé s@p-down

tenperature for he fi i eratur |s 1450
Rt or AT Bies 20 Pl s B e pvahe ser PERaRR P ] e SorogE BRIt 1 o
coeffg ci estinectdd tefth82cﬁodb(§/ MNowatheohtaumgtioh osf Bé‘&ﬁcanejhargec withsdse of thel s
pertinent to. note that i

free oeI ctric ceram c, disk cally have
Doty hi oHPRERuatE Aceu b e o e o pactostye hess s s BCie, s
t hehdl Skthbﬁ!lhéraddp)amtcﬁ @gmmatug@tr?welebmcélrdh@ade ourngUthe mfeghm\@hphasbt agfe but
with a spall _current. Figure 2 shows the constructi r|c ower
tor age WETR@E (cAPRHAE: 24 519 GEPOERS<DaN 20 i PrrUoes Arestir ey ©
effici engyra@é tdpackbdreCcL? iic ahe enATUBtivgEnRT aifethel voltahes Ricaisebsht stoeage
tragipucer a step-down transfornmer 20 nay be included in the electric
po st §PRG8 devi ce 3. The pi ezoel ectric transducer 9 outputs are coupl ed
to the input termnals of the 10 transformer 20, which then outputs the

stepped own voltage to. a i,f of djodes 2 e capagcitors, 22, as
shown in ﬁmaﬁ’r"@ g“a e 086%{“t"Y'{é‘niﬁ%‘Frfé‘?daezg‘”c"i’?"E dgF FYPE £'99 e dance
mat chi ngpcb@érV\&emgehEIr@mV\&Fupgﬁin&f at eihglencépaféltamdstm\ml @Cthel prigroney thet or age
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Fr anst or AEPOSEHEE! HSLPHOE FERUFed MPrelebpotartatss: Pl GPUBIILE Sherthe
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el ectrical charge, with. o f the capacitors accu ti the electrica
Char ge. davmY o ABdsS srag Sytbe BeGe e Rl i By Rl M B F ),
accunul adnd@dubing teesrigrgCivbs diatobe divdenfoiweerd NelgRjel drep.phase. The two
storage capacitors 22 are connected serially, and the output voltage across
the two storage capacitors 22 is the cunul ative sum of the voltages across

each st oEmpediz{épapaci tor.
30
Another embodiment of the invention is shown in Figure 3, where the movable body 8 is
not connected to any elastic material, and where there are two piezoelectric energy
transducers 9 instead of one. The movabie body 8 in the cavity inside the casing 10 of

the power generator unit 2 is accelerated reiative to the casing 10 by a human user’s



Conparing the current enbodinment with a four-diode full wave bridge
rectifier electric power storage circuit coupled to a single capacitor as
known in the prior art, the enbodi ment as shown in Figure 2 has the

advant ages: of doubling the energy 25 accumul ated by the storage capacitors
under constant input voltage, reducing the nunber of diodes required by the

el ect ri GHaRIWG of HeDfeRtifte britedlidbviby 11 \WedtfidpBhéraylis §éhdraved wheRdhd eduidgng t he
energy |l oss due to the djode' s forward volm%e éjrﬁ ) En‘godi ment 2. 30
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body 8 igasiat10cONAE lcRichPedhy & MehistorB@ e tedblectdd powbeEBrddaedevioadr & t wo

pi ezoel ectric enerqﬁ%transducers 9 instead of one. The_novabl e body 8 in

the cavidn sureliefbtoithe centeyl HEt 8@ the Yiselpomriong) dRBFALIST 7 ghireaurefs

accelserated relative to the casing 10 by a human user's 9 shaking of the
renote control device 1. Electrical ener%i S gener ated when t hg\lﬂ%\/i ng
body 8 st'guResshawsRie RAsSIfCItcilh digearp of Hig §'8Re PANRIRIXEPS devics PiWER at t he

two endsyefpid RIe ththsdlcerd 18 ofé BfillzZeH C aachsItER pieSodiédtic FhmddReer M ishe
el ectric power stora devi ce and su lr'-§2d to thg control unit and t he

e 3, 6
wi r el essCENgHSH 1@ PRAGRYEhal stop-dawp JROPIPERST % JRAfRACE ASRAME "BRECHYsi bl e
circuit 4 g@opnedéd tdEpsit eTdibdds 480 VBdth SHeofwagsairdeyf diddesS al@hnbsted to the
pi ezoel ectric transducers 41 are utilized. Each of the _piezoelectric

b1 arldducsame pair &f SEHRRSERICKYS A ITAISTIRIAMeTEB DB AR of FIATAI% FRRACIES,  and

each st egmigevdohrictisd @ MEMipk Ztésd60n freatBEmére iBmBal picedelstitsl@anstiliceBot h t he
two pairs of diodes are connected to the 10 sane pair of storage capacitors

44. |n av€elPPsRdagtner, the pair of storage capacitors can be connected to
multiple step-down transforners if nore piezoelectric transducers were to
be added. Enbodipent 3: 15 This enbodinent is simlar to that in
Enbodi I pt for the use of piezoelectric ceramc disks with a
conviex top surface 51 and a concave bottom surface 52, as shown in Figure
5. The piezoelectric transducers 9_are placed such tﬂ_%t th rmva%l . body 8
strikes Mg eEH’H\S’E@(e’Y‘(ﬁ)S'Eﬂ?T E’c@ats'f %P[’?‘HE‘GEE SRICEPHPE K user RISROF &?@urface
al I ows fgdramic disks with a convex top surface 51 and a concave bottom surface 52, as shown
in Figure 5. The piezoelectric transducers 9 are placed such that the movable body 8
strikes the convex top surface 51 of the ceramic disks. The curved surface allows for
20 bending-mode deformation in the piezoelectric ceramic disks for additional electric
energy generation. The concave bottom surface 52 of the piezoelectric ceramic disk can
be bonded to a solid base with an adhesive layer such as epoxy. To protect the ceramic
disk, the sides of the ceramic disk can be surrounded with epoxy 12. This results in
protective compressive stress being applied to the disk due to volume contraction of the

25  epoxy during the curing process.

Embodiment 4:

in this embodiment, the remote control device 1 has two piezoelectric transducers 9,
30 each comprising multiple thin layers of piezoelectric material 62 laminated together but
connected in series, as shown in Figure 6. Preferably, the piezoelectric transducers
comprise multiple layers of thin piezoelectric lead-free ceramic. The multiple layers of
piezoelectric material 62 are called a piezoelectric multilayer. The purpose of using the

piezoelectric multilayer is to reduce the impedance of the piezoelectric transducer 9 and



20 bendi ng- node deformation in the piezoelectric ceramc disks for
addi.tional electric energy generation. The concave bottom surface 52 of the
pi ezoel ectric ceram c di sk can be bonded to a solid base with an adhesive

| ayer such-as epoxy. To protect the ceram c disk, the sides of the ceramc
di sk can be surrounded with epoxy 12.1@his results in protective

conpr eS&bVﬁ\pﬁd\Ieeéﬁergﬁlgwembhl@ﬁblém:yt hEnétgfykg@eeaté@ iy clistrencee refficiertiyon  of

t he 25epoxy, durin curing proces In this enbodi nent,
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| ayers are connected to one comon termn the even- nunber ed

| ayers aieduesshnect ed to a second comon terminal. Thus, the individual

pi ezoel ectric layers are |am nated in series nmechani cal ly, and electrically
connected in parallel. It is because of 15 this configuration that the

i npedancle gﬁnemieth@l spalier dbe thieknesaahyihe pisaselaetae snatarialband & bisher the

general , d the
I aher £ e e e R e R, e
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range, the voltage generated from an | npact can in order of 100V.

But by ueidagoif pﬂg W byjusingendltiple |p@2pe|9etrl§ layetse ﬁaW wih a t'ﬁlﬁkftﬂ%ﬁe’s@elw the 10
pm range, mtrlaﬁg&%@%tp\a@k,&u%% &b ReduBEY st Sevekst lvok€ BET Rlth %@Hﬁ%ar%'/t Wi th
S|gn|f|cantly nproved vol tage and current characteristics. Therefore when
usi ng nuimArpiest velags earb| @ptant cohasgepiesticehe Shasplomownnen avder Meltipleas
showt, | NoiELSIERSe fayBRd the sle?) dWn H8RSSHMrY as RBWALA tplélﬁ'¥§r2 PhE2OR Retric
ceramc transducer can be directly connected, through a pair of rectifying
di odes 77ecessaryhelhel meltilayer pigdraledtie FAGRIG Kparduee @an7he diectyRoRAestad.Fi gur e

7. through a pair of rectifying diodes 72, to the electric power storage capacitors 71, as

shown in Figure 7.

30 Other Embodiments:

It should be noted that in other embodiments the movable body 8 can be a ball, a
cylinder, or a cylinder body with two spherically protruded surfaces 61, as shown in

Figure 6. It should be known to the person skilled in the art that the shape and mass of



300 her Enmbodi ments: It should be noted that in other enbodi ments the
novabl e body 8 can be a ball, a cylinder, or a cylinder body with two
spherically protruded surfaces 61, as shown in Figure 6. It should be known
to the person skilled in the art that the shape and nass of 11 the novable
body can be configured to nmaxinize enétgy generation efficiency within the

physi cal the dftsiabRi BAid§ cah beRBnfgued tOMBRItd SiergngénefatidredfdiéntyWithin fResul t s:
S.Figure 8 shows two fabricated prototype power generator units for the

i nvent i oYSicRECONglhRintsA’ &he RAWRr SeAri@lieR BRE énbodi nent 2. One of the generator
units is shown assenbl ed, and the other is shown di sassenbl ed. Two types of

nmovabl e bodies are al so shomn, a stainless steel ball and a brass pill. In
test tri it ' y collected by the storage 10 capacitors in an
enbogy ment with only one piezoel ectric transducer (such as that illustrated

in Figure 2) is shown in Figure 9. Each of the capacitors in the electric
power st@ﬂﬁﬁ%ﬁGBWW%é”%ﬁﬁ”ﬁa@ﬁdﬁgpﬂﬁﬁdQ“@fnge@“F‘”WFﬁQEQP'@W%W@? de400

I _tJ wastaBhéAbdasits dte fldth ShB6AGBNCAPORE bPTHS. gehera@ordjnité & SHdlvntREEmblede
energy collected by the storage capacitors in an enmbodi nent with two

pi ezoel e?d the qthefs ahRwWp dispssrimples { WatyRSS| ASRPEPEPIUPSHTE A AW 215

shown i nsthin@et &tekd ball Aink haabragmbﬂldl ekt tridist meaéné??ﬁ'bgﬂéctﬂd pPHR §BrgeS30 O
was gbtained, Figure 11 is a graph of the result from nurrerlcal si mul ati on

shovﬂlong ‘E%Pé‘cﬁﬁrﬁf'@r%’h@é"t?‘%ﬁ’”??fé Wife Y GeRcrieRasiPols Bapiduget (sHchafe that

slightl ynwfa\(&ﬁmmr@lz@mmwmg@e sk BHAMDf tHEepacitdls ity thehdediiy pblér body.
The results show a substanti al rrgo 3 enment when using a curved KNN di sk
Bon

with a cYAAgR devise Had pLepagtanspaf Adotal urevnat 408 hwes gbtajngd in the

i |1 ustragge brbaﬁéaf&se ﬁDa@ﬁfeFé?ﬂb’%‘E &fe bﬁeu‘é?'c@ﬁ’ecﬁ‘ecf bﬂhe%aaé%gpaa@mnas t hat
of the plezoe ectric transducer 9 in Figure 3. This is beCause an

addi t i onal emeAdMedt with vaipiegesieatioiianssluesisi(sid antbat Hypdratasip &dpure 4) is
pi ezl egiduiCirC RigRR Go! SinUihal lefBBdinfent, a total energy of more than 530 wJ was

obtained.

Figure 11 is a graph of the result from numerical simulation showing the difference in the
energy generated by both a flat and a slightly curved KNN piezoelectric disk upon impact

20 by the movable body. The results show a substantial improvement when using a curved
KNN disk with a convex top surface 51 and a concave bottom surface 52 (as illustrated
in Figure 5) as compared to using a flat KNN disk, such as that of the piezoelectric
transducer 9 in Figure 3. This is because an additional bending-mode deformation is
excited when the curved piezoelectric ceramic is utilized.

25
Figure 12 shows the result from numerical simulation comparing the energy generated
by both a piezoelectric transducer of a single KNN thick disk with a thickness of 0.8 mm,
as well as a KNN multilayer piezoelectric transducer with 10 thin layers but having the
same overall thickness. A load resistor of 300 O was used in this test. The multilayer

30 piezoelectric transducer and the single layer piezoelectric transducer both generated
similar energy given an infinite resistance (open circuit load). However, when a finite
load impedance is factored in, the efficiency of the multiplayer piezoelectric transducer is
significantly better, as shown in Figure 12. The simulation also showed that the peak

voltage is reduced from ~200 V for the single layer piezoelectric transducer to ~20 V for



Figure 12 shows the result fromnunerical sinmulation conparing the energy
generated by both a piezoelectric transducer of a single KNN thick disk
with a thickness of 0.8 nm as well as a KNN nmultilayer piezoelectric
transducer with 10 thin layers but having the sane overall thickness. A
I'oad resistor of 300 0 was used in thild test. The nultilayer 30

pi ezoel epkmdtilhyarprardeRttrididntd\fedi AgRcLREErabbl&ZoRLRIRl Bl didardtizer both
generated sim |l ar enqégy glven an infinite resi t%nce,%ﬁpen circuit |oad).
However , T3FEHCE asA fRIUCBA dMPeRREEa ARE this Araides o Petler ipedands BRIRKY of the
nul tipl aygs R @zeel Rchaditor, thassWeresutpst ol@aefdfanstrhitibpsree rpieslestiown in
Figure 12. The siml ation al ? showed t hat the %eak vol tage i s reduced from
-200 V fEnsaHesrSliRtates 9@?’3%@?0%?% Py FapsigMucer to -20 V for 12 the
nmul tig ayer piezoelectric transducer. As discussed above, a nultilayered

pi ezoel ectric transducer has a reduced i npedance and this provides for
better inpedance matching with the load. In addition, the | ower output
voltage of the nultilayered piezoelectric transducer elimnates the need
for a step-down transforner. 13 Clains 1. A self-powered renote contro
device conprising: a power generator unit, wherein said generator unit
conprises a casing and a 5 novable body confined within said casing, said
novabl e body configured to nove relative to said casing upon said casing
being driven by notion of a user, a first piezoelectric energy transducer
conprising piezoelectric material being attached to said casing and
configured to be inpacted by said novabl e body, whereby inpact of said
novabl e body with said first piezoelectric energy transducer generates

el ectrical energy 10from kinetic energy of said novable body; an electric
power storage device for receiving energy fromsaid generator unit; an

i nput device for receiving a user operated nmanual input; a control
unit for perform ng an encodi ng operation according to said manual input to
generate an output; and 15a wireless signal transmtter powered by said
storage device and for transmtting a signal based on said output.



2. The device according to claim 1, wherein said novable body is connected
to an end of said casing by an elastic material for urging said novable
body towards said first 20 piezoelectric energy transducer; whereby upon
sai d novabl-e body being initially pressed against said first piezoelectric
energy transducer, shaking of said ref@te control device causes said
elastic pmpinggi al to deformand store el astic energy, and upon said novabl e
body noving towards said first piezoelectric energy transducer the elastic
energy is converted into kinetic energy of said novabl e body for generating

el ectri cal AGBRPBWerRABMIRSEINIS] ddlickadoingrisingt pi ezoel ectric energy
transducer. 3. The device according to claim2 in which the elastic

material is a?®pWEhgenerator unit whemgin sRidgeRetalryni FRINRISEE 1B FATINY 2a0R&rei n a
secomd pingéas aly i sonARGd Mithin' 8818 deksiy, | aid3 PadviaBlehBEdY @osidjuded S inidke  S.
The device according to any one of the g_r ec;rdl ng, cl ains, wherein sfal d first
pi ezoel EALVe @AY FBINGNRANC 8219 HEASING PBIRG ed MEB PP (MAQR OTwAi 4357 @ T8 be

i mpact edpiByoetetitrit SmatgP trandiREyr dbrisingORE20Etedbad naterialibding attachkd t6BaRI devi ce
accordi n%tt_o claimb, in which t oncave bottom surface

_ he of the _
pi ezoel e€A$N2RG SAXIGYERS to Re HBPRAL EY) sifemeNRRIe OR8Y ny&iFPY MR Rl sald e
| ayer. Srhovadbke b8@y wiie saidarstdiigtdeleatrizranetdittraisduber Jguneased sigcicaligiergywher ei n

said first piezoelectric ener rgnsducer conprises a plurality of |ayers
of & d %?’BFZ?‘H@F'%EP‘?@X ohﬁ'gmoé(gg'etb@ay’The devi ce according to claim?7,

wherei n the paggeetiepbiveEstbfayBHeVIEe forGesaNihg eRery) Mahi s Geltiraidpahigct ri c
ceram c | ayers. . evi ce, accor di to claim7, wherein the

9. The d e di n
pi ezoel ectri c@1 P‘QHEWJF‘&"OU@%‘?’WQ@SU%PPgrﬁFeéj BRAAKPHEL ri ¢ pol ymer | ayers.

a control unit for performing an encoding operation according to said manual
input to generate an output; and
15 a wireless signal transmitter powered by said storage device and for transmitting

a signal based on said output.

2. The device according to claim 1, wherein said movable body is connected to an end
of said casing by an elastic material for urging said movable body towards said first
20  piezoelectric energy transducer; whereby upon said movable body being initially pressed
against said first piezoelectric energy transducer, shaking of said remote control device
causes said elastic material to deform and store elastic energy, and upon said movable
body moving towards said first piezoelectric energy transducer the elastic energy is
converted into kinetic energy of said movable body for generating electrical energy upon

25  striking said first piezoelectric energy transducer.
3. The device according to claim 2 in which the elastic material is a spring.

4. The device according to claim 1, wherein a second piezoelectric energy transducer is

30 attached to said casing.

5. The device according to any one of the preceding claims, wherein said first
piezoelectric energy transducer has a convex top surface which is to be impacted by

said movable body and a concave bottom surface.



1510. The device according to claim7 wherein each | ayer of piezoelectric
mat eri al. has a thickness below 100 ,um 11. The device according to any one
of the preceding clains, wherein said first piezoelectric energy transducer
is subject .to conpressive stress in the plane 20perpendicular to the

di rection al ong which the novabl e obj &t strikes the pi ezoel ectric

t ransducer. 12. The devi ce accordi ng to claim1l, wherein said
conpressive stress in said first piezoelectric ener ransq¥cer %
generat &1 by H¥hESYitR afetrdingdp claiBundinsyiigh ithe spneaysi t%‘%*@@] 8¢f3aecofeer gy

t r ansduggézoelekitic tidHRddE3ti€ Boriedab tHeéhid Basiitywiingn afinddi Igycedi ng cl ai s,
further conprising a protective |ayer disposed on the surface of said flrst

pi ezoel ectric energy transducer. 3014. The devi ce according to any one of

t he precedi Nge dedicaBacdovdibdad @%héséfnﬂleapﬁafc@&n?dQMSt naHESSIRT SERd festupl ed
to the output of the power generator unit urality of capacitors

bei ng cdHeZGlRciE 966@&%95@% EIeRISeR @ d%‘i%i?'ﬁlés"fd'ﬁ}’?rﬁg"ft $ad RiFeelefkicphase,
and at |mgastigone of said plurality of capacitors being configured to
accunul ate el ectric charges during the negative phase of the charging
current, and said plurality of capacitors being configured to discharge

el ectri cg.charpasdéndd a&doydm@to diim Thenhétewmi the prz66leetrid rah€duay camprigls t he
precg ing clainms, further g% ising a voltage regulator unit coupled to
|

the 1 edPW“@eﬁH%QPb§FGF§5E“@ 17. The device according to any one
of the preceding cl ains, mhereln said vol t age 10regu|ator unit conprises a

vol t age nit onent S and
9 ém 'Phe 8ev accordmg to ca| 9 whenEm tﬁe plezoelectnc transducer comprises

multiple piezoelectric polymer layers.

15 10. The device according to claim 7 wherein each layer of piezoelectric material has

a thickness below 100 um .

11. The device according to any one of the preceding claims, wherein said first
piezoelectric energy transducer is subject to compressive stress in the plane
20 perpendicular to the direction along which the movable object strikes the piezoelectric

transducer.

12. The device according to claim 11, wherein said compressive stress in said first
piezoelectric energy transducer is generated by adhesive material around said first

25 piezoelectric energy transducer.

13. The device according to any one of the preceding claims, further comprising a

protective layer disposed on the surface of said first piezoelectric energy transducer.

30 14. The device according to any one of the preceding claims, further comprising a step-

down transformer coupled to the output of the power generator unit.

15. The device according to any one of the preceding claims, wherein said storage

device comprises a plurality of diodes and a plurality of capacitors, at least one of said



vol t age regul ator conponent. 18. The device according to any one of the
preceding clains, wherein said wireless signal transmtter is a radio
frequency transmtter. 15 19. The device according to any one of clains 1
to 17, wherein said wireless signal transmtter is an infrared transmtter.
20. The device according to claim1, Werein the piezoelectric material is

a | ead- fm@@lit?%pb@;zamb@odeﬁdg:ccﬁmg@r@b@o acclimuldib @lgteid chargee GRFifg i pasitveal m 20,
wherein the [ead-free piezoelectric ceram ¢ has a conposition of
(1-x) KO.PNED. 3Mbo5IoRES RDST Saif PivRlY 1PfCaRagiory being copligised 1 aceinieie
accor di Ngedtfic 6hatbss dQringMher RigativdphdsRast-the @RaingZaRleat tahd Gakeplardliey éfas a
conposi tion of about Ba0.85Ca(). 15Zr0. 1Ti 0. 903 ( BCZT) .

capacitors being configured to discharge electric charges serially.

5
16. The device according to any one of the preceding claims, further comprising a

voltage regulator unit coupled to the electric power storage device.

17. The device according to any one of the preceding claims, wherein said voltage
10  regulator unit comprises a voltage monitor component, a switch component, and a

voltage regulator component.

18. The device according to any one of the preceding claims, wherein said wireless
signal transmitter is a radio frequency transmitter.

15
19. The device according to any one of claims 1 to 17, wherein said wireless signal

transmitter is an infrared transmitter.

20. The device according to claim 1, wherein the piezoelectric material is a lead-free

20  piezoelectric ceramic.

21. The device according to claim 20, wherein the lead-free piezoelectric ceramic has a
composition of (1-x)KgsNagsNbO3-xLiNbO; , in which x = 0 to 0.1.

25 22. The device according to claim 20, wherein the lead-free piezoelectric ceramic has a
composition of about Bag gsCag.15Zr0.1Tip. 903 (BCZT).



