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PONER SUPPLY DEVI CE AND SYSTEM FI ELD OF THE | NVENTI ON

The present invention relates to a power supply device
wanassy®rem | n particular, it relates to a poMer/SG2007/000269

supply device and systemthat provide electric power

with |l ong energy storage and,/or |ong energy standby

ti me. BACKGROUND OF THE | N\/ET\ITI ON Conventi onal

el ectric power supply devices and systens, such as

batteri es, ! bR SUPPLYBEVRIE ANTSYsHE (O

provi de stable cont i nuous ric power for a
variety of electrical devices. These batteries or fue

I i | ve converting chem cal energy or
F'éﬁéﬂ*tﬁﬁb&ﬁ*ﬁl ectrical energy, and are
i ndi spensabl e in many portable electronic circuit

applications. These types of power supplies however
suf The presemt invention relatesctol a pewepaupply device andysystem. In

pafieih} o ER A8 B8 e S DAl e i e
poWbewnhYmg:ehergy:s@ragé atddelae Idngomergz steridbyrtids. ar e

difficult to be mniaturized, and the costs are
relatively high due to their delicate internal

Bﬁk&@b{jﬁﬁofq-rﬂéi ENTIORNEr gy storage, capacitors
are a

0 not sult eto store energy for a long tine
due to electric | eakage. As such, conventl onal

bat erle ells andc citors ot preferr ./
7 o LohuSianal Bleghi pdwer Sute ASYisSs Sofisvglints. Buhias Bateries,

fuell cBMs, ispldreefs thre isel t8proanE abAtte BaEicOntih@sS B tric power for
| Dent'ification (RFI'D) devices, particularly those used

a vagety efglestrical gleyigeisn hese battedes enfuel callusyallydnvelve

cofferfind By i BAiay S joBl epBhin bBbitaf AR and B

indipeakable is esdrs partabua ledﬁct&dm tirduit apydications] th@sy\@fpe'SS)f
utilized only tenpf? for transmtting t

t he
pogpbmglesmWﬁgg i hort sterage life spans due to hlgh electric
leakage. Thus they do not have a long standby time without being recharged or

replaced. In addition, the physical sizes of these types of batteries are difficult to
be miniaturized, and the costs are relatively high due to their delicate internal

structures.

For electric energy storage, capacitors are also not suitable to store energy
for a long time due to electric leakage. As such, conventional batteries, fuel cells
and capacitors are not preferred for some applications by which long energy
standby time is needed, such as portable Radio Frequency IDentification (RFID)
devices, particularly those used for tamper indicating electric seals. The
attachment of a conventional battery particularly does not make sense for RFID
tags used for tamper indicating electric seals, in which low but long standby power
is utilized only temporally for transmitting the RF signals, sometimes once in life.
No currently available power supply device or system is suitable for such
temporal, low power supply but with long standby time. The continuing success in
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No currently avail abl e power supply device or system

is suitable for such tenporal, |ow power supply but
WORA0R/0240M%) st andby tinme. The conti nui ng succesBCT/BRB0TN00269

systens and applications is being limted by the | ack

of efficient and approprlatezpomer supply device. Mny

ener gy harvesting nmechani sms“have been explored for RF

systens and applications, including devices and

RE Sy SlEme A0 SpBIcRioRaTy Being iniel] bf e R Eidfent and
appropeiate powbesapply desicef ener gy conversi on devi ces and
systens have relatively conplicated structures. In
addi tion, these types of devices and systens are not
sui Mii?iyeérfé?{;y HaResting Prﬁ&drféﬁién%‘ Ravé'Be8n 'é&pl?ir@& for RIP8ystems
of energy source is available. For exanple
angapplieations, insluding devines aad Systepmscapable o§canvertfag pptical,

P ek A Sk o BHFHIAN] S409B B oes

of energlyldbhyeiﬁbﬁ dgvices and eystemisiealvd mlativip esmplicatedstrotures.
lnN’@ctrlc seal s. SUMVARY OF THE | NVENTI ON Enbodi nent s of

tion.dbese tynesafideyicesand sustemp qe not suitable dersisedn
apPRLBKEHER: Po ARG B8 ShErdy HurtE I Rvallatly, FoPPeaitiple. o
menylanmaksomée liDnotapsilapbe for atationary objechareoptical source is not-

o P 0 SR T AT 5 BRI i,

RFYagS &mé td) BY i3kl 96r tla?ﬁpearamﬁbﬁmg" slegtricysdips.ar i zed
el enment in which an electrical” polarization is

retai ned. Electrodes are forned on surfaces of the

el ectrically polarized elenents, and the electrical

pol ari zati on generates an electrical potential on the
el ectrodes. Electrical circuits my be coupled to the
el ectrically polarized el ement to control the externa
el ectric charges attracted and distributed on the

el ectrodes, acconpani ed by changing the electrica
potential on the electrodes. By controlling the
external electric charges distribution, the el ectrodes
can out put



10

15

20

electric currents. The electrically polarized el enent
may be made of ferroelectric material, including a
WO equsozdogetri ¢ bul k ceramc, ferroelectric nmulRCT/8GH07/000269
ceramc, ferroelectric single crystal, ferroelectric
thin film ferroelectric thigk filmand ferroelectric
pol ymer, or any other materidl's with electric
pol ari zation retai ned therein. Conpared to
SUMMARY OFRHEARWVENFION Y _devices, the pouer supply
evi ces and systens nmade according to the present
i nvention have very |long energy storage tine and

kB B R S G RN
systifi forappitdtonBaiidmandNiddy StERdbiREN A H‘rﬁé&‘nré‘?ﬁysical

_other aspects and advantages of the present invention
sizgj suchyas pedable R systems, fH-1tags, partiaulartyfor tamper indicating
oggﬁgying drawi ngs, in which: Fig. 1 is a schematic
em%ﬁgbranfshomﬁng a power supply device according to one
enbodi nent of the present invention; Fig. 2 is a
schemati ¢ diagran1shomﬁng a power supply device

accOFEPTREG 19 AR BPRACt R RBWEREHPPYdavice gpcoeding to embodiment
of tstﬁv;ﬁﬁﬁémhvé:ht% ha"? 34 g@&ﬁéi@&%&%ﬁéﬁ@&h@nﬂr@ﬂﬁ%ﬁ%n electrical

OW Ng power supp evi ces ing to various
poladizaticn iscnetainede Electrodes lage forevachon isufaces ofthefélgstrically

poll b b et SRS o BB BoRLSH S Bl ppront
on it 8ldictreded ENectAsHl Icireuit® &Y BOBSUPIEE 86 tHY eleL@ichllypolarized
7 is a chart 'show ng experi nent al

circuits; Fig. I nt e

elemeni|te @embtgﬁmwm elesirischacges ditragtedarddistibuted on the
: . 02 Fl . ; i .

cleSfigub it ol bandlobin RERFER pefertiefldh B8 glectrages.
Byroatreliingithe extaroal, el€tttic chargesadistidiUtion thelelectfodesheain output

experinmental_ results of sanples, prepared .
electric currents. The electrically polarized element may be made of ferroelectric
material, including a ferroelectric bulk ceramic, ferroelectric multilayer ceramic,
ferroelectric single crystal, ferroelectric thin film, ferroelectric thick film and
ferroelectric polymer, or any other materials with electric polarization retained
therein. Compared to conventional power supply devices, the power supply
devices and systems made according to the present invention have very long
energy storage time and standby time, small in size and suitable for supplying

electric powers to many applications including RF systems.
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according to anot her enbodi nent as shown in Fig 3 but

with the orientation of the di ode reversed. DETAI LED
WOEBSRPOTS ON OF THE PREFERRED EMBODI MENTS AccorPdi/sGo00000269

enbodi nents of the present invention, electric

pol ari zation existing in elepents with structural and

electric asynmmetry is utiliZed for electric power

suppl y. For the purpose of illustration, ferroelectric

gof the electricall
ngrlil':gg errentﬁ?r'@%g?me power supply devi cgs
fand systerrB accor di ng to enbodi nents of the present
or BRSNS veoeks ! B Bod B BBES bl ve
deSorbedTh dBRsiPwith réf%f'érﬂ@ ©ché 'a@c&ﬁfp%hyﬁ\b dr\%vh'@’s in which:

materials wth simlar properties,
center of positive charge not conpletely overlapplng

t hecent.er o t§ ' .

For e e g et BaGleh Sading FHoWBl nuply Dbl dcBgrding t
oné@fﬁb&!uméhtd;fethm@gemhm/en‘fbﬁse other materials may

i nclude, for exanple, quartz, ZnO, AIN, etc. Taking

the ferroelectric material as an exanple

fer r '

o G 25 5 sehatic e o™ B Sdonip 0ETEAHREBraing to
anatrwaembodimemtdthefpeeserﬂlim@mon mat er i aI) and the

electric polarization in the material (ferroelectric

el ement) can be re-oriented fromone direction to

anofFRAr 3, #¥nd's Srel SthemhatR! AS§Fants §h&hﬂg%ér%pply devices

thereto. The reorientation process iInvolves two or
acenrdingdtorvarious furthey ethbodimentotithespresentdnventias; n

i ndividual grains in a ceramc material). Upon

pol ari zation, net positive charges are present in the

f er Figl 6Al 6Bare 6G0wRe sah¢rRatit Hidgrams showingpewe psappigt
negati ve charges are present adjacent to the opposite

deglm aecording torpmbedimeants obthe; present ipyantion when QPBH'SﬁttO
vaﬁ‘ﬁ;segg?g of%@&i.{)h&&%&ges wll be collected to screen

arization inside the elenment, due to the
r emmant
Fig. 7 is a chart showing experimental results of samples prepared

according to embodiment showing in Fig 3;

Fig. 8 is a schematic diagram showing an RFID system according to
embodiments of the present invention;

Fig; 9 is a chart showing further experimental results of samples prepared
according to another embodiment as shown in Fig 3 but with the orientation of the
diode reversed.
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el ectrical polarization generated fromthe polarized

ferroelectric elenent. The power supply mechani sm
waezwsnziory) t o enbodi nents of the present invenkCTHHG297/000269

to control the distribution of the surface charges

coll ected on the surfaces of _the polarized

ferroelectric el enent. Refere%ce is now made to Fig. 1,

whi ch shows a power supply deV|ce 100 according to one

i ncpéy@%ﬁ"@f’;@?ﬁ‘f@gﬁﬂg go ar i ze erren?m¢

exanple an electrlcally polarlzed ferroelectrlc

i6|n§ 10{%\’3“ pdi i '3 A ﬁp wgérgtéq,olneéeig?pg,polanzatlon

ex@ Gird él%%érﬁé Vﬁlﬁ's@ﬁfc{drﬁl &H@B@'&iné&&n‘%&t@ i$ @ﬁll’);%@ltfor electnc

ectrical polarization 111 forned’ i nside the el enent
powBt suppliicFer thempurpose of ilustration, ferroriectdc material isssed@s an

oxhbl1 55 AP YRR B0 BT Sy iy

and Rgstein®e hcdaiditiglto lepsbatiieAlRSA the présdrtenvettione | Hewéver, it
el ement to reorient along with the external electric

shoyid|be amrp@natqdn@aéﬂ@:@rﬁsenbmen@on istnqtdimiteddarmowsr deyices

I
an SYSteSmi B b1 S dbiBatiE MhalBRaf oMY Rftefpls i Sk
prapemesafag rwithn theeterder ofmdsma)eﬂcharge ewbmempleteb'ld\deirlagpin the

net positjve charges 12 ve char 124 .
ceRier Ab RRURNERTAIS JoR S PR RIdDAKEG dhe Rate! dagces. in a
,mfrﬁu'ér%ﬁﬁléi% RESelettric!hatehaR! "Fl{éseftﬁhepﬁn%'téﬁé@m?d%h&ﬁae for

are shown at positions adjacent to bottom surface

example auartzeZnQephiN.iete. charges 124 are shown at

positions adjacent to top surface 114, of the

electrically polarized ferroelectric elenent 110.

Fer TaRingahe iférrééleskicimdtéfahas an é&ahtpvenfehaébbﬁdmy 18defined
and a top electrode 134, formed on bottomand to

- as aphysical phepomegon jmwhicksy seentagpgus @I?@tn't‘enwgﬁ%atlon exists in a

mef&(L.EC ?érr@&é?tﬁb ﬁétkﬁgll)] ]%r?]d ﬂ% élgﬁt'i'lﬁi?gfﬁnia‘ﬁog S ichGterial

(feﬂ‘geadrfrzélleﬁib%ﬂ) :Sa%lbg Baorighted fpdracedd direciipndo anotherglby an
exg??\/eialneQegtHE: rfghjin &%d%ér%rtg a{'hee Ire(?:’cnern atlon process involves two or
more domain states within the crystal (or within individual grains in a ceramic
material). Upon polarization, net positive charges are present in the ferroelectric
element adjacent to one surface, and net negative charges are present adjacent

to the opposite surface.

On the surfaces of the ferroelectric element, external electric charges will
be collected to screen the polarization inside the element, due to the remnant
electrical polarization generated from the polarized ferroelectric element. The
power supply mechanism according to embodiments of the present invention is to
control the distribution of the surface charges collected on the surfaces of the

polarized ferroelectric element.
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charges or particles, such as in a normal atnosphere

envi ronnment, and due to the electrostatic interaction
W(WZQOB/OMOES r emmant pol ari zation in the ferroel eRCT/5G2007/000269

el ement 110, negative charges 142 will be attracted on

bottom el ectrode 132, and po§|t|ve charges 144 wl !l be

attracted on top electrode 134, both mainly from

surroundi ng environnent. The bottom and top el ectrodes

132 riiéh i saCq | :

the Taaeed i Bpuanalo 10 Fig L et SHEWSE pRWEF dt3plititiice 100
acamﬂing)to ohe @mbuatiiment of thé Mt\mwmntbhe Peligei 00l includes an

olegiical Kabhach, ISTESar, 1 Bafale B:cleEfically alprza famaplecti

elérAghts 110, 13/|tﬁn@na dlé@Ae! ?@fan%étn&r‘i’nﬂ#ﬁ{eﬁd ihéidea ! ltké - present
and when control switch 150 is closed, the electric

emhadimant, eleaticallynpearized bapemrmwelempnteretﬁ rrmesa remnant

I e e ti r
oA Bt SRR ! b, B aent 1
elddtricslly poled. Thereledteic polingiis aProteradn Whick\as @xtérial sleckic field

s BPRAd 22 (BTBFICCHisyPIpTIARH Bciores e PlechioU@piasnind domains of

th@#&ﬁieﬂé&ﬁé blermttad 'ré&ﬂeﬁteéléﬁ Waththe ‘"exi‘:%rﬁgg&(goi’rﬂﬁore‘ié‘” After the

now supply a transient el ect I'c curren
eleozmqujmg at lpasbpait ofithenelectiierdipolpp laye deoriente@@Ad polarization is

retBi S ApBH the sHsaE el delE Brodion Riebaier dhe electric field is
rembesd," tesaiting POhat 'pé@ﬁvéeéﬁé?géé?qtﬂ 6n&|r%'f‘9ﬁ’éqgéi% charges 124

havi ng net positive charges 222 generated ad] acent
being: generaled dpsidel the afﬁeronactmegalemeet & geEOQZhe purpose of

2
GRS &, ARUAGPBharpel %2 SHE SPBRocd oablibbd Yincest o botm
sudﬁ@b ? 0P, aidcadt mlvéfﬂ\a@?@bl 234 a;él saownraé ei:fosmomslaitradeht to top
t shown in Fig
surfdcm 434, r‘ﬁ?;é%e fﬁcma?' Cln 288k PEROBONE Glament 110.
ferroelectric el ement 210 is therefore to generate an

el ectric potential on the first and second el ectrodes
232Fendelegitic element 110 has a bottom electrode 132 and a top electrode

134, formed on bottom and top surfaces 112 and 114, respectively. The remnant
electrical polarization 111 is therefore to generate an electric potential on the first
and second electrodes 132 and 134.

When placed in an environment having surrounding external electric
charges or particles, such as in a normal atmosphere environment, and due to the
electrostatic interaction with the remnant polarization in the ferroelectric element
110, negative charges 142 will be attracted on bottom electrode 132, and positive
charges 144 will be attracted on top electrode 134, both mainly from surrounding
environment. The bottom and top electrodes 132 and 134 may stop attracting
external charges when the level of electrostatic charges on both the bottom and
top electrodes are balanced.
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In the present enbodi ment, power supply device 200

i ncludes a switch 260 el ectrically coupl ed between
Whiosomozd ect r ode 232 and top el ectrode 234. VWERSG2007/000269

switch 260 is open, bottom el ectrode 232 and top

el ectrode 234 attract externgl opposite electric

charges 242 and 244, in a nahner sinmlar to that shown

in Fig. 1, until a first balance status is reached.

e v BB R Rest 4R T30 4 BBt o

Fric p gener at ed reman
loazl €0 suctnas anl exteosl ietectic d:ttcumwlth@ falstoehécaﬂd a capacitor 14

RS b T D ey e i
cordifion ‘éﬁ‘lelﬂetﬂb?toﬁY"hﬁG '?op')-éféctrédSQQBz drﬂj fﬁw'ﬂf B&€hadged, resulting

state, switch 260 1s firstly closed forma
in atportiorcof the; negaiiveohargem 142 and mositwt ¢hatge93£44m|mgnmrough

EHEEL P Rt ARG, QB EEFA I AObAGR &R tos 10

Ans BRictric Ebwts%@ dedRee! tih Aisl Bnibddirhent thd dlgdtAcally polarized
status bei ng broken and a second bal ance status being

fereaglegtric elementrhito ean baw SHRPhh tragsient slactiieeurent by coupling to

loﬁﬂh g'ation where, the electric potential generated by
e remant electrical polarization 2 11 in the
ferroelectric elenent 210 is neutralized by both the

sho rcuit 262 (when e switch 260.is closed) and ..
C Elen 2 S 3G SPPIY Q6 viRe 200 ACCOREINg 6 anpiner hbodiment

of %ﬂé Bfésbhﬁ |H\Qéﬂtﬁ>ﬁ‘ e'P&JvéP%% B@,Z delitet QGOGin%ﬁlde%dﬁnzélﬁctncally

When it desired to supp | ectric current,
polarized Hezeelectnm ptemeentt 21 bavingaet pdsitiven ohargesrw generated

262 ich, d.b k
adiatpott Bt sultSe 2920 AN REHL GRS S MitBrs 228 GiRisten gciacent
to @p tshﬁab@tztwn FLRRéY, F8R08RErRRNEIehittht & KT Iy SWGctdret with bottom
Accor di ngl&za transient current will flow through

and dppalegteo 2%21@"9523"(;%%'6@@69& sinmilar tte tha farreelgctric element
119o WP Ei Wgr dre%%fa tE8ERAD o@ﬁ?ﬁﬁ?ﬁaﬁgﬂ %lﬂ’%vfecrfoelectnc

can no el e rlc curr
eleneént 5105I$olshepefmaf tcsgppdzryatespatedeﬁne atential ort the fpsbaad second

eledirodes 232 and 234.

In the present embodiment, power supply device 200 includes a switch 260
electrically coupled between bottom electrode 232 and top electrode 234. When
switch 260 is open, bottom electrode 232 and top electrode 234 attract external
opposite electric charges 242 and 244, in a manner similar to tha’t shown in Fig. 1,
until a first balance status is reached. Here, the first balance status refers to a
situation where, the electric potential generated by the remnant electrical
polarization 211 in the ferroelectric element 210 is neutralized by the electric
charges 242 and 244 on the bottom electrode 232 and top electrode 234, when
the switch 260 is open.

In the stand-by state, switch 260 is firstly closed to form a short-circuit 262
between bottom electrode 232 and top electrode 234. A portion of the external
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electrically polarized ferroelectric elenments
according to further enbodi nents of the present

WO poogz408. The ferroelectric el ements in t heseCT/SG2007/000269
enbodi nents are substantially the sane as that shown
in Fig. 1 and Fig. 2. In Fi98_3, a power supply system
300 includes two ferroelectric elenents 310a and 310b
whi ch are coupled to each other via a switch 360. An

charRee 243 g 249hivith thest b@%&léﬁiﬁufé&eﬁﬂgﬁgﬁzﬂ\@ Qﬁ?ﬁJgfréﬁlt 262,

ferroelectric el enent 310a 1s generate 'S cou
resuling o dke $Bstobalanegistatus d:elnggnokw andaa maﬁ@@ce status

ol kA2 161 ol BB AT g .t fr, o

ele‘oﬁid Poltetial | gerfratedn by 3tHea rémnaAt Kisdlricsl polaAfatih 233Din the
second ferroelectric el enment 310b. When switch 360

ferrq,e'egeﬁ elapept g10 ismauiealized -y battvthe shom cirgyit 262 (when the

ovfth € SRR SPEEFISIBnGRCHTIBRRITAS ARAST, ohibeh 242 and 204
onlthé bottenseletinsde 282 aalddop electipalec284.al gener at ed by

the remmant el ectrical polarization in the first
ferroelectric elenent 310a is neutralized by the

gl eqVidrt itGo Qf&ﬁéd %é@ﬁgﬂ e%iﬁc elrrehe th@tstvﬁféhei@cm 8f&ned to

32a and top electrod when sw't ch
disspanectothet shorboineyit eaamwvwmh dbems)ndvbalmesstatus is broken.

Thfs i fasuft BB rrBBI Skclin) PRFTEA BhaRE Mottt Riddode 232
andhep efsctddeR 3N dAéékﬂ’dlr@lf d frafsieRttEréntiwill ﬂd\nbwétigh terminals

connection to the second el enent 310b, resultin

25¢2rand Zﬁsthsmesmdet%battgm ped Hgpielertspdes 433 angae hence the
E’%}' an e st g#&?d@fﬁé&gg@é@ﬂp@? QI%? E‘rﬁ“&f&‘gé‘z E’%g{%bd by

the remmant el ectrical pol arizatlon in the first

fer oeI ctr' el enent 310a i s, neutrali zed both the
 oC i 51 10rshow BOBOL ARy SyRIEMHS ARG B BRCERE

el&ﬁtrﬁféll?'p%léﬂi@ﬁ%ﬁo&@%ﬁucaélgn% Ecoriitg, thglttﬁé? @rhSSEhh%iﬂs of
332a and top el ectrode 334a. en It eslred
the;pigsent inveotion.cThe femlecmneelementshnabese em@pdmnehts @re

substantially the same as that shown in Fig. 1 and Fig. 2.

In Fig. 3, a power supply system 300 includes two ferroelectric elements
310a and 310b which are coupled to each other via a switch 360. An anode 334a
at which net positive charges 324a of first ferroelectric element 310a is generated,
is coupled to a cathode 334b at which net negative charges 324b of second
ferroelectric element 310b is generated, via a switch 360. Further, a cathode
332a of first ferroelectric element 310a is coupled to an anode 332b of second
ferroelectric element 310b. When switch 360 is open, external charges 3423,
344a, 342b, 344b are attracted on respective anode and cathodes, until a first
balance status is established. At the first balance status, the electric potential
generated by the remnant electrical polarization in the first ferroelectric element
310a is neutralized by the electric charges 342a and 344a on the bottom electrode
332a and top electrode 334a, when switch 360 is open.
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di sconnect the second el enent 310b fromthe first

el emrent 310a and hence the second bal ance status is
Whe@wROMO7This Wil l result in the establishnentP@F/S@007/000269

el ectrical potential on the bottom el ectrode 332a and

top el ectrode 334a. Accordi ngl y, a transient current

will flow through term nals 352 and 354 connected to

bottom and top el ectrodes 332a and 334a, hence the

power supply system 300 can now supply electric

current to load 30. In one preferred enbodi nent, the

t wo Fbethenpd;wet smp:ply Idevizet 300 Ehdtchr3b0Gis Giosthyr elosed to connect the

sernl slerset 41086 dhe 5ok elbmeht B0z AopouRp ofdhe el sharges

3422»:’ %m&@& at8 QMen irBdistributéd biVhel ErrRR1IBA D! theCsstHMAt Slement

10a and 410b are coupled to“each other via two

31em resulting) 80 then dirst7balance Istalpp dueing broken andes seagpdebalance

s, 58 BonEh TP Y i Tt 4, o W Mt

geRsiatéd dy thbareptrarrelettdical polarigatish in teufifst fgrrosledtiic element
establishment of a first balance status in first,

319a /s pertralizad:by betf the; sqaend elegrentit! Ghuard asigspaiging portion of
the! %Yé&ﬁc @%&Q@t%wr@ﬁh 954460n and 6(?{1) OEIé;c'(t)rbahl X?Za and top

l'ose nnec second el enen
electreder®34410a. A portion ofthe external charges of the
first element 410a are then redistributed by the

connection to the second el enent 410b, resulting in

theyhdrbit iDaediiea ot stipply Rfdcsc BURKAE tﬁé%vﬂtohe?}@@“i’s opened to
bal ance status being established. At the second

discahaecicthetsacond elament 330bi fropdhefirstaelegrant r3dQedang hence the

sehalft SRR, P dblfiBharoa s Rl kel i B, felBhishpent of an
elewrcmd pélefti@niont 1Ré Botlorh efitiodend3par hhdntay éléarode 334a.
electrlc charges on the_ el ectrodes of first el enpe

Acgaustinglyyr Hansient curant wil flow Hippghy tesminals 592 @m %514 connected
to BO#tOmSiHd ©OReSedFGa&d 9324 And'$B4a, hence the power supply system 300

can now supply electric current to load 30.

In one preferred embodiment, the two ferroelectric elements 310a and
310b are identical.

A power supply system 400 shown in Fig. 4 has a modified configuration
based on the power supply system 300 shown in Fig. 3. Two ferroelectric
elements 410a and 410b are coupled to each other via two switches 460 and 470,
with opposite electrodes coupled to each other. When switches 460 and 470 are
open, the electrodes of first ferroelectric element 410a attract external charges on
its electrodes, resulting in an establishment of a first balance status in first
ferroelectric elements 410a.

For the power supply device 400, both switches 460 and 470 are firstly
closed to connect the second element 410b to the first element 410a. A portion of
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opened to di sconnect the second elenment 4 1Cb fromthe

first elenment 4 10a and hence, the second bal ance
WQmBHZH0rs broken. This will result in the PCT/SG2007/000269

establ i shnent of an electrical potential on the

el ectrodes of first el ement 1@10& Accordingly, a

transient current will flow'through terninals 452 and

454 connected to el ectrodes of first elenent 4 10a,

h Refn h r I n :
theegect r%lceg%%ggn?ptﬂgglﬁggﬁ)é Qﬂ\tﬁﬁggéaépkre e%rf!%&%@hbuted by the
comgrentidn tethe sebend etementr4tbe cesulting irethenfirst baRacastatus being

b i 5 ASEP e s el BBt ] e RS0 thance
stat i€ tRO BRIctric poleNitialgeriFatzdthys tHeVemrhrtielectrical PorRization in the
supply system 500 has two el'ectri cal Ié‘epol ari zed

first éemorieelsicrelement fdRasisnautralizad Sno bothe thea segonsh glement 410b

o 8B 4 A0 R 37 o2 38 o i oloment

410t t om el ectrode 532b of second ferroelectric elenents
5 10b. Bottom el ectrode 532a of ferroelectric el enent
510a is electrically coupled to top el ectrode 534b of

fe ool . , :
7t o 1o disifegih'SupBlAIBONE carkitf: bt RuREHES 880 BR70 are
openexttor diseortisth théBgedond elgmiend 411 Db $tona thike first elednent 410a and
ferroel ectrj I t 510 d Ob i cal .
et See0 DRRERS Staiks SbrokAE: dip it esp e sstebjishment
of ArfBlEchab pofHitial 8@ the BRLHB8e S bEfiRE BlpRdrRd 1020 ARSI dIAgly, a
attracted to the contact surfaces, i.e. the

trangipat cuTensll §aw:thrsiugh tegmirtals 452 aad454ccaninestast toiectrodes

t e de 5 0 e ri .
of RE @it P Bes i d Fevirdarouhff Fiflen g EntBoN suppy electrc
curgeitabnedd 40ar ges. The reason is that the electric

charges of opposite signs near the contact interface

can screen each other. \Wen external electric charges

542 I : Yy

3 SgPRddRed ERTIARERL, To R RerlGBARL cléinBhEAHOAR
410b are identical.

A power supply system 500 shown in Fig. 5 has a further modified
configuration based on the power supply system 300 shown in Fig. 3. Power
supply system 500 has two electrically polarized ferroelectric elements 510a and
510b serially coupled to each other, and with top electrode 534a of ferroelectric
element 510a physically contacted with bottom electrode 532b of second
ferroelectric elements 510b. Bottom electrode 532a of ferroelectric element 510a
is electrically coupled to top electrode 534b of second ferroelectric elements 510b,
and coupled to a first terminal 552. A second terminal 554 is bonded to electrode
534a.

By having the first and second ferroelectric element 510a and 510b
physically contacted to each other at the opposite polarization terminals, external
charges are prevented from being attracted to the contact surfaces, i.e. the top
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ferroelectric elenents 510a and 510b reach a first
bal ance status. Wen the first and second
WO 200802408t ri c el enents 510a and 510b are physPCEBEG3007/000269
separated in an instant, the prior-contacted
el ectrodes 534a and 532b arqﬂseparated apart, and
unscreened net charges near the surfaces are exposed
to surrounding environnent, resulting in attraction of
I
el BE B4 B bR o BSOS B HRCR oloboblsnon o
secohd fesrosiadttic etamnmuttseﬁd Obiwilh attrect signifedantly lestce)@8rreal charges.

o B eSS e 1S A Pl
can SEfeRl &4dh tbtﬁe?'WHéﬁtexférﬁQI eIEJ:tﬁ@tcthg’és sS4y Qﬁ’& 5&&6 are

then demanded fromthe load 50, in an attenp

attta@bedwentorr@spactamc@ectsode%&@md 532b, the $taﬂlsedeﬁnst and second

el B S0y b, 2

particularly useful for applications in which a
physi cal dlsplacenent is to be detected. |In on

exaMfhen the first and gecend testpeiadtic glemants é19aa99r§1%§re

o SR 0B, B horSShpctLoRep a8 Sotg and 528

areasmndrateqoapart adnd tlescgeened het cahangdas neamtlnepﬂwfacelseare exposed
SI c d| s | ace

to ShpFemmenhos fiing th. At aEin A eHsmal thames thefdon,

ang 'h%ﬁeafcéuéhg th8 ?Fstfﬂa%ﬁde' SatdsbroReneaktes trfézgéﬁa}aﬁ& tt@rminal
“the manner shown in Fig. 5 or as the sw tches shown

544 iis stiljeonnected withithe top electrode bi3da of dhe: iest éerregeetric element

51 {)$ ﬁg&g&ggﬂn zﬂgg ?@2{% Ife5 b%ﬁ’%%ﬁ&fc&‘% thhgvgfe%gnd Ifﬁrroelectrlc

elepferit's 1080 Efdcthigdl ichiapges @Rl theh dehtihdedafram diey ozl 50\Hih @n
could be an RF transmtter. The broken of the seal or

attemp tfaswne thesbiplapeed statys angrthus ajeangigni QuERGNhs proguced

thr¥ﬁ§ ﬂ"%lo‘é g ectronic circuits may be used together
W the power supply devices and systens according to

the present invention illustrated, to neet

Power supply systems according to the present embodiments are
particularly useful for applications in which a physical displacement is to be
detected. In one example, a first polarized ferroelectric element may be attached
to one part of a seal, and a second polarized ferroelectric element may be
attached to another part of the seal. In another example, the physical
displacement of an object is utilized to turn on/off a switch. The first and second
polarized elements are then electrically connected according to the manner shown
in Fig. 5, or as the switches shown in Figs. 1-4, with an alarm device connected as
a load. When the seal is broken or when the switch is triggered, an electric
current is generated from the polarized element to supply to the alarm device,
which could be an RF transmitter. The broken of the seal or triggering of switch
can therefore be detected.
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various different applications. For exanple, diodes,
capacitors and/or inductors nay be used in a power
waapplogsodevi ce or systemas a filter, a rectifP&r/SG2007/000269
and/or a tenporary electricity reservoir or storage.
Instead of the single diode the rectifier shown in
Figures 3, 4 and 5, other corffigurations of diodes,
capacitors and/or inductors may al so be used incl uding

¢ Ly VERG Hcoicia 0 BEUBLA RGO e povr
supplytdayices drd Pfstems @ccording to the ;areéémttlavérﬁtomﬂm_rated, to meet
e MR eTeadrd. o B oo Senadhodhlof Hdctrs
mdy 86 uséd\in & %oWé‘i' sBpply icerbrsystén 4 a filker, alrectifier and/or a

capacitors can be uséd as a tenporary charge storage
temperany electricilyresenvoirios storagei dmstead of the gjingle qw@e asdhe

ol o ko€, AR A58 B ont L AR, pscors

ana/drSndLmtOrtsaheﬂ akd Busedinel’iing aftidwaes W@dﬁtlfm nd @bltage
results ich has the follow ng properties

doyhling.gireit(which sz Aegeneration from m%CO@ffﬁft‘rVX?ﬂon voltage
B O a A ESS0R 1 ot M CE TSt Sbdtor and
didﬂieO&Scoﬁplpac ntm)wer]sn@ply:deﬁm 600, apshown irs Figgl 6Ap6Beand 6C.
sw tch; r. Three distinct,val l{es of 10 Kvg t1
Or A AHAFODOR B oRACH GBS S, okt Fs &rlompREIY#Mgrae storage

cw@tﬁititd/édrﬂfﬂl thé\ftaRSient Ji|§§ﬁé7rl§ﬁ1qn§rdé§§§' of €hé &sation bh the current
dat a/ wavef or m obt ai ned i's case, this waveform

supplyr esents the transient voltage curve with respect to
time in the RC load. Fig. 7 shows the experinental
results obtained through the neasurenents. The three

cur The pawér Supply devicesasuaiding tohan eftraliieat h6Wn in Fig. 3 is
cur r ent
now taken as an example to show experimental results, which has the following

properties / parameters:

Ferroelectric materials: Similar ferroelectric lead zirconate titanate (PZT)
ceramic disks: ¢ 25 x 1 mm; Capacitance: 5.7-5.8 nF; tg5: 0.003.
Capacitor: 100 nF;

Switch: on/off single pole switch;

Resistor: Three distinct values of 100 KQ, 1 MQ and 10 MQ;

Diode: Schottky barrier, 1N4148 or equivalent.

An oscilloscope is used to record the data/waveform obtained. In this case,
this waveform represents the transient voltage curve with respect to time in the
RC load. Fig. 7 shows the experimental results obtained through the
measurements. The three curves in Fig. 7 correspond to the three distinct current
demands simulated experimentally by different resistance values, which curves
710, 720 and 730 corresponds to the 100 KQ resistor, 1 MQ resistor and 10 MQ

resistor, respectively. With rising electrical current corresponding to a smaller
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demands sinul ated experinentally by different
resi stance val ues, which curves 710, 720 and 730

W@ 200802490 ds to the 100 KWresistor, 1 MNresiBEDBG200T 000269
10 MV resistor, respectively. Wth rising electrica
current corresponding to a_§ l | erresi stance | oad, the
faster the energy depletes, thus leading to falling
vol tage out put nore qui ckly. The di scharge voltage

resistiheida, ptﬁ@k%s#rt fhe" 8ﬁelrg%n8§pléfé§mtﬁu§9eé&ng- t35fa\fir@'5 voltage
neasured after the diode, th a maxi mum peaK current
output mdrengui€idy. The dischafye | voitdge Ttpicdlly peaks within a range from

i d f %,} 0 i, f
0.6t 78 3L 58 ahoRuuey 4™ e dadivifi°s idintim peakicugesh at 7.5
pA f8etheOfisth KN 1Bal ETHe RRYSIon @oﬁﬁgégeéﬁfm%q%gb 114)% l@aor?dé/ from 8

| oad; the peak power Is about
milli-second (robee) tedess than @.2emsesgependingnerthe doad.clhelpeak power

s T ol 5 9500k ng doakacyi P il S8 Wi iy 2 1 Mo
loadane pair of the ferroelectric elenments wthout any

re-poling process between the three tests. Further
results of this can be seen in Fig. 9, where a

di schar vpl.tage of 2.5 V and a. X . [ o
0 Ut B % O5emaa kb e Bruiral nowe, B toUighR Ve Peiiigy By switching

the2$Witd£B860 Wh hAd 'oTe I tHrée |ctiibsZin EigAtaee tdléd obtdined from the
di sks. The result is obtained with the enbodi nent as

sarsadair oftheifgraelestriccplements witheutrnyere-aelingpercess detween the
thréjéf)éj::?sis reversed. This power can be used for many

varied el ectronic applications, and is sufficient for

RF signal transmission. It should be appreciated by a

person skilled ipn the art that although only bulk
f er FUERICresults el s can dessegn i dda: n"t’fl‘PefX‘/e a discharge peak

. o ol . _
volt;agésbf 54 \0Jng'a H‘e\)ﬁ?fgﬁ?’f? Sier Bu tacff‘;%f%lgﬁ ﬁr‘(’j& ﬁgo kQ load is

mant el ectric polarization can use
achievext using@EnpthEntivodermslbcticslieadzireonateditagateadiskse The result is

resent. i.nventian. anmpl es of _t hese ot her es of ..
obiBiecEitt e g ueTt 43 Sin 5 acpPhifas g grieftation of the
diot8'i§ RRJePSLd. I This pBEk? cah Yl @ed for many varied electronic applications,
and is sufficient for RF signal transmission.

It should be appreciated by a person skilled in the art that although only
bulk ferroelectric ceramic disks are used in the construction of this system, other
materials with remnant electric polarization can also be used in power supply
devices and systems according to the present invention. Examples of these other
types of suitable materials includes, but not limited to, ferroelectric single crystals,
ferroelectric composites, ferroelectric thin and thick films, ferroelectric multilayer
materials, ferroelectric polymers, and all the other materials with electric

polarizations.

Fig. 8 shows an RFID system 800 employing a power supply device or
system according to one embodiment of the present invention. As an application

example, a power supply device or system according to embodiments of the
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ferroelectric conposites, ferroelectric thin and thick

films, ferroelectric nultilayer materials,
wo eoosozloextri c polymers, and all the ot her matRCT/8G¥07/000269

with electric polarizations. Fig. 8 shows an RFID

system 800 enpl oying a powe1 supply device or system

accordi ng to one enbodi nent éf the present invention.

As an application exanple, a power supply device or

[ t ' :

pre%}]éf/\{en |egﬁ8ﬁsgl?§gg t?o%%hgﬁa(})\?\oer oWEvao\rj‘v?{%REtramBer 812.
The iRFIEnransmittet B12Tdan emitlprerrecomiedt sgnﬁﬁﬁhnmghean tantenna 810

re-recorde nal throu h .antenna 810 to a )
to B Eeleierminet epeuer ) RIS feTRoe eotensypaly device
819%%&68%8%& RIEn ﬁSn@rﬁﬁte?%HQ' c%hotrféllﬂ ?h[é rectlf et 816 a filter

transmtter 812 optionally through a recfifier
and j $toeagea gitcwit B gethei RFuisigrél emisisiorRis §myuﬁan@us®s |toggered

t sly t d. Co t | Vi oot RE
Copfe Ul AR Briesion, FRELAS 1SR RRtAnW B Shme as that of
the 8xbtieJ pbRADRXRFtdy3tens batbihe pwel StSpiy devide 81@ replaces the
power supply device 818 replaces the conventi onal

conryastignakengrgy SOWGRS, iRfluging Marious hatteriesi selar gelisaor any other
power scavengi ng
p"ér;r@%: °§'¥1’|‘ é{)r\g.épﬁé%eﬁgfnggﬁeﬁégﬁllgg\‘#n the tenporal power
syst em as disclosed herein is also applicable for RFI D

Sys ticular for tanper indi atlng elect
el o BBplson; iedBfrrorpowsrYs{E sdiisaibeed Aerei isalso

ap?lﬂ%‘blé)fortﬁﬁDpé)%?éarﬁE phﬂlﬁ%@r'f@ﬁtéﬁpéﬁﬁ&|b5ﬁ'ﬂ\g?‘é|éétr6ﬁﬁfééal The

I D appl i"'cati ons tor tanper 1ndicatinhg electric
longestandby mmeugmmebtrucmemtandalb\m ¢ast of thaopresentianention is

BB R o HREIRT RBEiciRS R AR ndtsihd Setigent

detail ed description, it should be appreci at ed t hat
the invention is not lLimted to the enbodine

di sQltbaugh emb@dlme@g@&m%pfﬁseﬁa invieptian haye Pﬁﬁgélwma&ed in
conﬁgﬂgﬁ nC\ﬁ&h r om h S@fhﬁgﬂ %ﬁ?aé?nﬁg% andiddc bHéb ‘i}‘i‘ﬁae"\‘of&j&i'ﬁg

reing e I nvention as se
defailed ldeacarptioryg ittshduld/bé hppfeidteditinat the anventiGhAs hBt limited to the

embodiments disclosed, and is capable of numerous rearrangements,
modifications, alternatives and substitutions without departing from the spirit of the
invention as set forth and recited by the following claims.
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1. A power supply device conprising: a first

electrically polarized el enent having an el ectrical
WR 20081024628 | on; wherein the electrical pol ari zaRCTHBG2087/000269

to induce electric charges on the first electrically

pol ari zed el enent; and mher%in the power supply device

is to supply electric power éﬁbn vari ation of the

i nduced el ectric charges. 2. The power supply device
ctggvgfpited inclaim1, wherein the first electrically

rized elenment includes: a first electrode forned
on a first surface; and a second el ectrode fornmed on a

second surface, wherein said second surface is on an
1. oppOfaversupphdevicrR caMpEsingeal | y pol ari zed el ement

fro [ b - j icadin-

ooy S oy RABAAGE o HESIE 4 b Rt P on
first wheteietheralecttiealtpatarization. is 1 indpcemlectip pharges on the
device a

circuit ﬁ@&%&ﬁq%gyt%ﬁg%égﬁé@%ﬁfi%&ecgmjritﬁiengéacgnd

el ect rvﬂii&eiri’(ﬁér;ﬁivibr@dbpw dévicd is 1o supiplyEdlabire guieragion
first connection to establish a bal ance status of the
el ect ri cvanatiofeef tba induced; eleetrig ehargasond el ect r odes,
and a second connection to break the bal ance status to
establish an electrical potential on the first and

2. secThd pewesisuppiydevice a6 eediteddn claimpl, whksregincthedirst electrically
recited in claim3, wherein one of the first and
secBaldnzed slamentiacludes: short circuit connection. 5.

Theapi?gﬁ%&w %nql‘ggioqpa ﬂ?sérsﬁﬁ'hﬁéjdaﬁdq claim 3, wherein

one o st and second connections is an open
ci r asiecond ekvirodeVfermed pplaysetondcsurtace; whiereid said secind

surfges Barian host Sf ot tad Blesidely mofarzpl Hemaf frof said firs
sufas el whérelr thet electrical polarization is to induce electric charges on the
first and second electrodes.

3. The power supply device as recited in claim 2, further comprising:

a circuit coupled to the first electrode and the second electrode, wherein
the circuit is switchable between a first connection to establish a balance status of
the electric charges on the first and second electrodes, and a second connection
to break the balance status to establish an electrical potential on the first and

second electrodes.

4, The power supply device as recited in claim 3, wherein one of the first and
second connections is a short circuit connection.

5. The power supply device as recited in claim 3, wherein one of the first and

second connections is an open circuit.
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and second el ectrodes to a |load. 7. The power supply
device as recited in claim3, wherein the circuit

WO pwBHO2w38 a switch coupl ed between the first BEESG2007/000269
second el ectrodes, wherein closing the switch forns a
short-circuit between the first and second el ectrodes
to establish a balance statd®of the electric char ges
on the flrst and second el ectrodes, and opening the

6. SW ﬁ' Pérfd&ﬁéégg ?ﬁ%{eﬁtl}‘ﬁﬂélﬁ\ f%ﬁ@e 612 é]@ctnc potential

elec rlca ower vice

is establishedi dn tHeaﬁrst and setdred eleotrpdes wtngn the s:arcmndouples the first
Electrlc polarlz%‘gL el enent to coupled to the first

an ISGGW‘?@ Pdestaaiload el enent, wherein coupling of

t he second eI enment to the first elenment establishes a
baI ance status of the electric charges on the first
. and The powersupptyrdekice as reditedfinciaimed enhereimmewircuit includes:

gflegis:\nﬁtggm?{y%g%ﬁw%%ﬁ tgﬁ il?épl IJP %%fnpaeg tftfq{et%n wherein closing
thee$WitSH fobiis| & sRrt-8irt die BeBveirethie fivstead sédohdoslesatiedes to

status to establish the electrical potential. 9. The

alsh%fm%e slatuscef the eleatric sbarges andhmfisst ansksegond
ele‘?:f]‘% ef, §r‘f& 6§é’rﬁn§ftr&é ?ﬁntéﬁ%? S%SZ’L"E%’@ #Xétl%ﬁlr)ge{s'tﬁgh the

0O an e tro

eleetrizl potmihby poI ari zed el enent having an opposite
polarity to establish the bal ance status. 10. The
power supply device as recited in claim9, further

8. COMPhEHolier stoBUEe baTEIERGR JARTTS rbieraBrRfig: ode

e secon trica pO ari zed el enent elng |n
P hyal seabnd @iﬂcancallm ndiarme@lem tecafipled ¢o the finst electrically

t II d.el nt _h [
pofiral ghent iiah Gipise BB sftdbu et BER it lpment
esEbASIIRSa Baldrite fhREBISFUNS Bldcki e8nahe Tﬁsﬂandaééd:ond
wherei n_separation of the el ectrodes In.ﬁfq ysi cal

elesyyadas of the finst elestrically polarized glement; @ndiiacaupling offthe second
ele@:ﬁ@ﬁﬂlg?ﬁﬁlez\édde%ﬁ\%ﬁt ftSn e St QAR FoiBrizdd Elehidht breaks

the balance status to establish the electrical potential.

9. The power supply device as recited in claim 8, wherein each electrode of
the second electrically polarized element is coupled to an electrode of the first
electrically polarized element having an opposite polarity to establish the balance
status.

10. The power supply device as recited in claim 9, further comprising:

a contact interface formed by an electrode of the second electrically
polarized element being in physical contact with an electrode of the first
electrically polarized element having an opposite polarity to reduce attraction of
external electrical charges at the electrodes in physical contact, and wherein
separation of the electrodes in physical contact establishes the electrical potential.
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el ectrodes of the second electrically polarized
el ement are decoupled fromthe el ectrodes of the first
W@R@8n240z&l |y pol ari zed el enent to establish tPE&r/SG2007/000269
el ectrical potential. 12. The power: supply device as
recited in claim8, wherein ?he first electrically
pol ari zed el enent and the se ond electrically
pol ari zed el enent are identical. 13. The power supply
1dev
11T ed e PR SR a8 g HRRIR! S el & of the
eleptrbdes péthe seconel electricallyepalatred etementiaze plemupled grang the

vi,ce d in.cla wher ei n . .
olegfroips of e (7S} Bl plafad ieldifpntlodstallish the electrical
potantial.i al selected fromthe group consisting of a

ferroelectric bulk ceramc, ferroelectric nultilayer

ceramc, ferroelectric si ngI e crystal, ferroelectric

t hi f | o
12Iool %IE rdomlqér s%ﬁ:hg/e&egﬁmé% éé G%Jﬂeﬁlﬁ c'lz;ug?e@ggwérgm l{ﬁg Jﬁ’lgltn lkétrically
pol@lnaemelé}nemvzm@the ddvondlgledtricaly polagzedelerssht are identical.

ferroelectric el enent has a rennant polarization to

i nduce the electric charges. 16. A power supply system

co e
13'r eg.i? th S gugk)#{%\hé%aé’ de?@ggalecﬁigﬁpmﬁéglew Cefﬁfgtselectncally
polasized e:tbment:ls agnnelectrically palarized farthelectria etlamentnt

filter circuit coupled to the first electrically

pol ari zed el enment, wherein the current filter circuit -

14SUprhe ﬁb‘bviérfslubPW @lné‘éléé peditedlif claie13) WiRireFApR! é{ectncally
devi ce as reci in claiml, further including:

polavized rﬁema@lectnp.eé«em@nt 518 materiatselectes! from thegseup consnstmg of

a fgﬁgkﬁi&aﬂdlw CQFH gn%e%c?ﬁ@ H{ultll%@%’ é?iﬂ,lrgmﬁc!1 fert él@?@fc single

I er CIrCUI 1 eés a rec ed curren

crystat, feoroetectti@tiy fi tﬂﬁ\féﬂ&e%tri‘cﬂhidkdﬁm and-femoalectrié¢ polyhresr.
i ncluding:a tenporary charge storage circuit coupl ed
to the first electrically polarized el enent, wherein

52 Efmﬁz&g\{/égr%gﬁmd&ﬁcéég r@GRdGh i 15 YaRdrefSthe electrically
polarized ferroelectric element has a remnant polarization to induce the electric

charges.

16. A power supply system comprising a plurality of power supply devices as
recited in claim 1.

17.  The power supply device as recited in claim 1, further including:
a current filter circuit coupled to the first electrically polarized element,
wherein the current filter circuit supplies a filtered current.

18. The power supply device as recited in claim 1, further including:
a current rectifier circuit coupled to the first electrically polarized element,

wherein the current rectifier circuit supplies a rectified current.

19.  The power supply device as recited in claim 1, further including:
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controll ed duration. 20. An RF system conprising an RF
devi ce and a power supply device that is coupled to

wo bmsRE0devi ce and supplies current to the RF BPEWBGEH07/000269
wherein the power supply device is a power supply
device recited in claim1. 2"% An RF system as
recited in claim?20, wherein“the electric power from
the power supply device is used for emtting a RF

Si 993bmpdta i rl;%ﬁél QQréﬁé cﬁémpwdd;&q ok %l%?_el@c{rg:gﬂy polarized

conpri si ng: ng charges on S ectro
elémemntedherein tihe terhperary ehargefstoragercircuit sappliesalcuyrent over a
I r'éed.elenent and a second el ectrode formed on a
COB@@@%& W@tiPBce of the first electrically polarized
el ement, wherein said second surface is on an opposite
side of the electrically polarized elenent from said
20z i r &An Bhsyalem camgrisingtarhRRgleyvias anrd)atpowenssipplydevicasthat is

colplelte 1§ RE-G6VEe Abff SUbBIEE ot it e BrdViod. ke L0
power shpplyidevicedis @ pewensupledévied escitedid chaifet.ond
connection to break the bal ance status to establish an

el ectrical potential on the first and second
218! eH RESSstem as recited in claim 20, wherein the electric power from the

power supply device is used for emitting a RI5 signal.

22. A method for supplying power to a load comprising:

inducing charges on a first electrode formed on a first surface of a first
electrically polarized element and a second electrode formed on a second surface
of the first electrically polarized element, wherein said second surface is on an
opposite side of the electrically polarized element from said first surface; and

switching a circuit connecting the first and second electrodes between a
first connection to establish a balance status of the electric charges on the first
and second electrodes, and a second connection to break the balance status to
establish an electrical potential on the first and second electrodes.



