WO 2008/ 024078 PCT/ SG007/ 000269 POWER SUPPLY DEVI CE AND SYSTEM FI ELD OF
THE I NVENTION 5 The present invention relates to a power supply device and
system In particular, it relates to a power supply device and systemt hat
provide electric power with |ong energy storage and /or |ong energy
standby tinme. BACKGROUND OF THE | NVENTI ON 10 Conventional electric power
supply deviwestwanzio®yst ens, such as batteries, fuel cBET/8G208108369 cel | s,
are used to provide stable and continuous electric power for a variety of
el ectrical devices. These batteries orqfuel cells usually involve
converting chem cal energy or light energy into electrical energy, and are
15 i ndi spensable in many portable electronic circuit applications. These
types of power suppli esPOWER SUPRLY BEVICEHANDSYSTEMor age |ife spans due
to high electric |eakage. Thus they do not have a | ong standby tine
wi t hout being recharged or replaced. In addition, the physical sizes of
t hese typefFIELD IOF THE INGENTIONIi fficult to be miniaturized, and the costs
are relatively high due to their delicate internal 20 structures. For
el ectric energy storage, capacitors are also not suitable to store energy
]forl & | Iolng ti rrgTﬁbJﬁ:eb@nt@:h@htibh eeléteak@g?owessq;mwdemms;rml bat t Sri es,

uel cells and capacitors are not preferre Qr _spne a Il cations by which
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| Denti fi capb@Br witrloR) enbRjyiststage BAd Vdrqd.»th@éﬁef?jr bandbyend, for tanper
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i ndicating electric seals. The attachnent a conventional battery
particul arly does not nake sense for RFID tags used for tanper indicating

el ectric sgACKeROUND OF THEVYNENTON Standby power is utilized only
tenporally for transmtting the RF signals, sonetines once in life. 30 No

currkntly avail abl e power supply device or systemis suitable for :such
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fuel cells, solar celis, are used to provide stable and continuous electric power for
a variety of electrical devices. These batteries or fuel cells usually invoive
converting chemical energy or light energy into electrical energy, and are

15 indispensable in many portable electronic circuit applications. These types of

power supplies however suffer from short storage life spans due to high electric
leakage. Thus they do not have a long standby time wnthoutbelngrechargéd 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

20 structures.

For electric energy storage, capacitors are also not suitable to store energy
for a long time due fo electric leakage. As such, conventional batteries, fuel cells
and capacitors are not preferred for some applications by which long energy

25 standby time is needed, such as portable Radio Frequency |Dentification (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.

30 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



-2 RFID systens and applications is being limted by the |ack of efficient
and appropriate power supply device. Many energy harvesting nechani sns
have been explored for RF systens s and applications, including devices
and systens capable of converting optical, nmagnetic, thermal, and
mechani cal energy into electricity. However, these types of energy
conver si on wWevigeniwnd systens have rel atively conpl i cBEBECHPTWEIHres. |In
addition, these types of devices and systens are not suitable for use in
applications where no other type of enpergy source is available. For
exanple, a 10 nechani cal source is not available for a stationary object,
an optical source is not available for itens stored in the dark, etc. This
i s parti culRFIDysystemseasiaapplications i beifHlimigbbwnthe lack tieeflicient ahdr t anper
i ndi cating _el rjc seals. 2008/ 024078 PCT/ S&0071000269 -3- SUMVARY OF
THE INVENTﬁBﬂﬁEhS%HFW§%Fgmgyg%wgapresent i nvention provide a power supply
device and system for applications that demand | ong standby tinme and
m ni ature physigal 5 size, such as portable systens,. .RE-LD tags,
par toul ar |y 1 offapy ppioy FReeing Azchaiins Foe bad SOH gt /18 e
aspecy, a mwejph plicatiphy it iifgd@ﬁfﬁ @iid%fsteslmsaﬁmmﬂémﬁdo_nvﬁfting bﬁtliqyl,es_ent 10
invention has an ejectric olarized elenent. jin ich apn electrica
bol ar 1 20t | dHaret dheiikandmdebrsabet e e Frtictn Bfwevkrobess BprE
el ectri cal lof eR@YgbARisieh 88WEESandBbtd e halerativeR cobspliosted atrugtlregener at es
an electrical potential on the el ectrodes. Electricakfcircuits may be
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coupl ed t o It addition thesedypasofdevices And syse@adre PelUigRe BT Us&iB ext er nal
electric ¢ %P%ﬁoﬁé WhéelRrbtABypé ot Ehdrgy 56ured i MilaBike Fof 8fafiple 3§ CONpani ed

by changing the electrical potéential onh the electrodes. 15 By controlling
t he &kt er namechpaisalsogreeria pgkavaiable forastationary pbiest. aprapierl $ouEs Hietput
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f err oel ect Rictags bra todgassed dortaimper indicating electric seals.



ferroelectric single crystal, ferroelectric thin film ferroelectric thick
filmand ferroelectric polyner, or any other materials with electric

pol ari zation retained 20 therein. Conpared to conventional power supply
devi ces, the power supply devices and systens nade according to the
present invention have very long energy storage tine and standby tine,
smal | in sivwe2mwsorR4sisi t abl e for supplying electric powBEESGHOTHEIRO
applications including RF systens. WO 2008/ 024078 PCT/ S&007/ 000269 -4
BRI EF DESCRI PTI ON OF THE DRAW NGS Thesg _and ot her aspects and advant ages of
the present invention will be described in detail wth reference to the
acconpanyi ng drawi ngs, in which: s Fig. 1 is a schematic diagram show ng a
power supp!SUMMARYOBRTHE MVENTION one enbodi nent of the present invention;
Fig. 2 is a schematic diagram showi ng a power supply device according to
10 anot her enbodi ment of the present invention; Figs. 3, 4 and 5 are
schemati c di agr Bakodihrintsgf the pesseatippéntiotgrdvdds a paweosupphodévicevand ous
further embodinents of the present invention;. 15 Figs.. 6A, 6B.and 6C are
Sehenat i o dvgraRksRAlGAaS Bat o oG Sandty woe «b Bt PP b od nent s
of the preses! sidhRPoriabie/RE Bysiemp] RE-1Ddags/ partieulirly Yareampér iediestingoni ¢
circuits; Fig,.7 is a chart show ng experinental results of sanples
prepared % &t ng t o embodi nent showing in Fig 3; Fig. 8 is a
schemati ¢ di agram showi ng an RFID system according to enbodinents of the

present invention; 25 Fig. 9 is a chart show ng further experipnental
resul ts of sanpPEOHiRG ferasnech & RAYWRS sHBPY sevie acerrdingiteembodidnedown in

Fig 3 but wiHa ?r@%n?fﬂv@ﬁﬁcﬁ{ ha arPbletiiBallyidsizel RAGhERTh whBh 2R QAL 78
PCT/ S&2007/ 000269 )
10 polarization is retained. Electrodes are formed on surfaces of the electrically

polarized elements, and the electrical polarization generates an electrical potential
on the electrodes. Electrical circuits may be coupled to the electrically polarized
element to control the external electric charges attracted and distributed on the
electrodes, accompanied by changing the electrical potential on the electrodes.

15 By controlling the extemal electric charges distribution, the electrodes can output
electric currents. The electrically polarized element may be made of ferroelectric
material, including a ferroelectric bulk ceramic, ferroelectric muitilayer ceramic,
ferroelectric single crystal, ferroelectric thin film, ferroelectric thick film and
ferroelectric polymer, or any other materials with electric polarization retained

20 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.



-5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS According to

enbodi nents of the present invention, electric polarization existing in

el enents with structural and electric asymretry is utilized for electric s
power supply. For the purpose of illustration, ferroelectric material is
used as an exanple of the electrically polarized el enent, to describe
power suppl¥YOogesiozié® and systens accordi ng to enbodi mBATSGCHIT/H0PE? pr esent

i nvention. . However, it should be appreciated that the present invention is
not limted to power devices and systgns nmade of ferroelectric material.
O her materials with simlar 10 properties, e.g. with the center of
positive charge not conpletely overlapping the center of negative charge,
may wel | bBRIEFIDESCGRIPTIONANT THEDRAWINGS devices, in a - manner simlar to
ferroelectric materials. These other materials may include, for exanple,
quartz, ZnO, AIN, etc. .15 Taking the ferroelectric material as an exanple,
ferroel ectri ci t Yhese ateff othedaspestsandadvantagepbithe peesent invertonotill be

o S R R e R TR R o

(ferrgelectric elenent) can be re-oriented fromone direction to another,

by an external electrig field applied thereto. The reotrientation process

i nvol ves two orF'ﬂoﬁﬁﬁ E&W&cﬁ'i&g oG Ho‘f’ﬁ‘éSWs‘fegfce(%PowqgﬂPn

i ndi vi dual o @ntdinierd of fiedresent fddeftiordl ) . Upon pol ari zation, net positive
charges are present in the fenoelectric elenment adjacent to one surface,

and net negative charges are present adjacent to the opposite surface. 25

On the surfacesggf 2 i @séRimaR disdromGhRWRIENpowsxé PipiAdeviearbidihgabar ges

will be collected to screen the polarization inside the elenent, due to
t he temangnotbeeempodimentof the ipragenbirvertioBy at ed from the pol ari zed
ferroelectric elenent. The power supply nechani sm according to enbodi nents

of the present inventionis to control the distribution of the surface
char ges col | ect Bgsch 4and &aref schemalie diageargdshaywving ipowar Supigvices: i ¢

el ement . Q20086 % 4chsRirthet GrRVHiIAME 8P the present invention;

15 . Figs. 6A, 6B and 6C are schematic diagrams showing power supply
devices according to embodiments of the present invention when coupled to

various types of electronic circuits;

Fig. 7 is a chart showing experimental results of samples prepared
20 according te embodiment showing in Fig 3,

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

25 : Fig; 9 is a chart showing further experimentat results of samples prepared
according to another embodiment as shown in Fig 3 but with the orientation of the
diode reversed.



-6 Reference is now made to Fig. 1, which shows a power supply device 100
according to one enbodi nent of the present invention. Device 100 includes
an electrically polarized elenent, for exanple an electrically polarized
ferroelectric element 110, with an electric polarization fornmed inside. In
the present s enbodinent, electrically polarized ferroelectric elenent 110
has a remdh@ 20080281 i cal pol ari zation 111 formed i nsi BETPRWIENEHENt after
the element is electrically poled. The electric poling is a process in

whi ch an external electric field is agplied to a ferroelectric elenment, to
force the electric dipoles and domains of the ferroelectric elenent to
reorient along with the external electric field. After the 10 electric

pol i ng, at DEXAILEPDESCRIRTIONCDETHE RREFEBRRED EMBODIMENI® ed and

pol arization is retained along the external electric field direction..
even after the electric field is renpbved, resulting in net positive
charges 122 andAoedrdingdatimbedinieatsysithd Bresebnventiganeleelrie golanzdtida t he

ferroelectric, ele 10... For e of |IIut | positive
char ges 125%5H19 r%?\'ﬂeﬁ "ﬂ%’sﬁ%ﬂ %‘ﬁag a§§ @E%Gz'ﬂﬁ YR #t'ﬁséd;ééf ?'ggt‘e]clu and
net negati pewehsusig Fb?ﬂ'nemtﬁpﬁmmtﬁtramﬁns Iférrmmuimatmial istuset @p ansur face
114, of the eIe trical| arized f el enent 0, Ferroelectric
el ement 116"%{‘8 g ?'8# B?b(ﬁql%@d f&“ﬁ é’tels eep%v&qrsgggl%f 9PYLES £ o1 med on
bot t om and gh@Rystefisaeesrdingdo dthodikents asm@@reseeh jhveitiion. ridomevet, it 20

el ectrical polarization 111 is therefore to % ate gn eI ec ch potenti al

on the fir §pouldRg appresiated fhat thequesent iyveqiien W%‘?l eViean

envi ronm?manB%Vét@st%'édé%Wéﬂr&Qetﬁﬁé RizR#Hal. ebﬂﬁrh\étenél&'ﬁﬁtﬂ%ﬁmlaf particles,
such as in a nornmal atnosphere environnent, and due t

el ect? ost aPrapertiase pde Wit mﬁmnﬁertqi @%@H@mamrggGphmnz%!ﬂe&m%'ai’wag the
forroel ect ko ﬁ??d&ﬁw&&ﬁarg@efﬁﬁ% e B 3RANS Ik Halihd tnelpu bededsdh n Dot tom

el ectrode- oslIt w | tracted on top el ectrode

134, both mmaysmlamogameiaﬁacn@ eriglwi Thaneather nipferiglstaaningiide.fep

el ectrodes %érf' g ﬁ% attracting external charges when the |evel
of electros Pc Harges on Both the bottomand 30 top electrodes are

bal anced.
.15 Taking the ferroelectric material as an example, ferroelectricity is defined
. as a physical phenomenon in which a spontaneous electric polarizati_on exists ina

material (i.e., ferroelectric material), and the electric polarization in the material
(ferroelectric element) can be re-oriented from one direction to another, by an
external electric field applied thereto. The reorientation process involves two or

20 more domain states within the crystal (or within individua! grains in a ceramic
material). Upon polarization, net positive charges are present in the fermoelectric
element adjacent to one surface, and net negative charges are present adjacent

to the opposite surface.

25 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

30 polarized ferroelectric element.



WO 2008/ 024078 PCT/ SG2007/ 000269 -7 Wen the pol arized ferroelectric

el ement 110 is electrically connected to a |oad 10, such as an external
electric circuit with a resistor 12 and a capacitor 14 connected in
paral l el, and when control switch 150 is closed, the electric boundary
condition on the bottomand top el ectrodes 132 and 134 wi || be changed,
resul ting SVPRAWEOHHIBti on of the negative charges 142 aRET/P¥PHI%0%? char ges
144 flowi ng through the circuit of load 10. Accordingly, a transient
current is supplied to the |oad 10. Ag.electric power supply device, in
this enbodinment the electrically polarized ferroelectric elenent 110 can

now supply a transient electric current by coupling to load 10. 10 Fig. 2
shows a power slRsfErenagdsinow pade tcEigr di which shaws aeawessupplyrdenice 160 t he

present | NRBbIGARY tofMeEmBURRIGt BF i el inUBAS Debel RF rcl it !
pol ari zed ferroelectric el enen 10, having net positive charges 2
gener at ed eleljtdgadin tpotanizéxd tejament L forapangile® anacldctrictllyngojarizedefericalegtic 224

gener at ed | n s L@ tap C . Fu , ferrogl ri ement
210 is str 3‘% rﬁ%@dﬁe\n&’t H&@\oﬂ?‘orﬁ? é{"g'il% ;foé%r?zépggt {chﬂgé %@rean g@‘%l #r%s%l'trranner
simlar to eniwdimentpelectically milaizedt feridklechiowiementFi¢0 Has A remmantt

el ectrical f zation,.211 in the ferroelectric I nt 210 is,.therefore
to generat ee? %ﬁ%’ e@ﬁ%zgh%%ﬁéﬂt if%rrn% Pl ftﬁ?s?’em?a?sag@gn%'e g%gaﬁr}to'ﬁes 232
and 2ﬁ4.263(éléaltﬁdah$pqﬂe¢|sﬁmtele¢t}iogbléﬂm“s,a mo%&rs ismqhwmgmes %gﬁn'b gelkiudes a
swWtc . electric 0 et n ttomel ectrode and top

el ectrode ﬁﬂ?ﬁ\metﬂ aa%w}(’?@ﬁ#%égemﬁmoﬁi ,rc%g‘{e( 8%?@'%@?9'%@" gomas 9fop

el ectrode IRdfeniobleatic efthernitiioreor2ipbaPnh vithl tAS lekictndl RRIcIRSAicld.2ARBth&44, 1N a
manner simlar. to that sh til a first balance status is

wn in Fig. 1, 25 un y

r eachRd. H&leéat"&%"miéﬁtasga?'aﬂgf@eﬁ%ﬁmdlpe'ﬁﬁﬂge fegrigntediand Rojasiatigitise, the
el ectric peéaitiet diorgeher aitémabElctit fckdNafBiod] 8% bt theRb@h¢ Fdld @n 211 in
the ferroelectric elepment 210 is _neutralized by the electric

removed, resulting in net positive charges 122 and net negative charges 124

being generated inside the ferroelectric element 110. For the purpose of

illustration, net positive charges 122 are shown at positions adjacent to bottom

15 surface 112, and net negative charges 124 are shown at positions adjacent fo top

surface 114, of the electrically polarized ferroelectric element 110.

Ferroelectric element 110 has a bottom electrode 132 and a top electrode

134, formed on bottom and top surfaces 112 and 114, respectively. The remnant

20 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 particies, such as in a normat atmosphere environment, and due to the

25 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 altracting
external charges when the level of electrostatic charges on both the bottom and

30 top electrodes are balanced.



charges 242 and 244 on the bottom el ectrode 232 and top el ectrode 234, when
the switch 260 is open. 30 In the stand-by state, switch 260 is firstly
closed to forma short-circuit 262 between bottom el ectrode 232 and top

el ectrode 234. A portion of the external W) 2008/ 024078 PCT/ S&007/ 000269
charges 242 and 244 will then be redistributed through the short-circuit
262, resulWYAHOBhe first bal ance status being br okBET/&HE07408%8 ond

bal ance status being established. The second bal ance status refers to a
situation where, the electric potentigl. generated by the remant

el ectrical polarization 211 in the s ferroelectric elenent 210 is
neutralized by both the short circuit 262 (when the switch 260 is closed)
and a renmai ni ngWhentthe potdrized fermletactiio elenieat 416 idRcthoallypanedad tha bott om

Current ¢, foRL 0 Lok BisCier GHE AP oEe cMFT it o sl {2hd 8 APRBIY 1 P11 C

current, the sw’'tcC sconnec Clrcuit 262
by whi ch, tchenextexbinchavaliedrard vetiemt controbsvitobkts0. is clbisid, the electrieshoundany t he

change of electirica tential.on,the bo m el gGt r.ode 23

ol attr ode SaRtGL A8 Ind BT B o biedtBdBS 1R Aok AT RS cBilfosd B®Rer i na <
252 and 25iin agnﬂmtcﬁ%é Aedutive ehaged 1rzzmnflwsﬁm¢aarg%324anbwa@mhdrd1@hci5t he
ower su evi.c an now. s electric curren 0.lo
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enmbodi nrents of  the present invention. The ferroelectric Ienen}s in these
enbodi ment iermeéect@qﬁgmgm 110 ¢3n Roye supplpa fansigat e‘?ﬁ‘ﬂﬁﬁ“?ﬁ"‘%yﬁuﬁ'%@ Fig. 2.
20 I'n Fig. joad ®.power supply system 300 includes two ferroelectric el enents

310a and 310b which are coupled to each other via a switch 360. An anode
334al%at which net positive charges 324a of first ferroelectric el enent

310a is generatgd, 2 shwe QUi sbPplf dedicB 288 2236RIIRY to"dHdthertMibdafaant ve
charges 324b of Second :

of the present invention. Power supply device 200 includes an electrically
polarized ferroelectric element 210, having net positive charges 222 generated
adjacent to bottom surface 212, and net negative charges 224 generated adjacent

15 to top surface 214. Further, ferroelectric element 210 is structured with bottom
and top electrodes 232 and 234 in a manner similar to the ferroelectric element
110 shown in Fig. 1. A remnant electrical polarization 211 in the ferroelectric
element 210 is therefore to generate an electric potential on the first and second
electrodes 232 and 234.

20

In the present embodiment, power supply device 200 includes a switch 260

electrically coupied between bottom electrode 232 and top electrode 234. When
switch 260 is open, botiom electrode 232 and top electrode 234 attract external
opposite electric charges 242 and 244, in a manner similar to tha{ shown in Fig. 1,

25 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 fermroelectric 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.

30

In the stand-by state, switch 260 is firstly closed to form a shori-circuit 262

between bottom electrode 232 and top electrode 234. A portion of the external



25 ferroelectric elenment 310b is generated, via a switch 360. Further, a
cathode 332a of first ferroelectric elenent 310a is coupled to an anode
332b of second ferroelectric elenment 310b. Wien switch 360 is open,
external charges 342a, 344a, 342b, 344b are attracted on respective anode
and cathodes, until a first balance status is established. At the first
bal ance st a¥@2008/41e78e| ectric potential 30 generated byPEHEGIOEHGEIE?

el ectrical polarization in the first ferroelectric elenent 310a is
neutralized by the electric charges 34ga and 344a on the bottom el ectrode
332a and top el ectrode 334a, when switch 360 is open. WO 2008/ 024078

PCT/ SG007/ 000269 -9 For the power supply device 300, switch 360 is
firstly cl chegeso24bandc244 il thescbededistibetad grough $he seot-tirait 262nent

310a. A por édﬁﬂy;o{n fdenSk balRal sﬁgﬂt Egﬁgetgféﬁ% %PQ D40 Galhit@statys

redi stribute he "‘connecti on ement s 310b, resulting in
the first Hmirgnesablisheds Te secandokalancenstatusseeters do zabidyation wheteuthiebei ng

o bR BB B, T GRS 2108

gener at ed by erectri pol ari zation st ferroelectric
el enent 3 TQ@wodlectric etenadnit 210 ibyndmtralizedhky bettotite sharheintuit3268h(vdran the

remai ni ng ROLt, of . the electric .charge tom
el ectrode M&h ?tﬁ?j % ngecﬁgnglaemadggg §9&'§.§' %ﬁ%e@?&f:gzﬁé@&g%gg%g%ppl y
el ectric cunrthaboettdhelestiotie 233aAd itep elpetreit 234, di sconnect the second

el enent 310b fromthe first el enent 310a and hence the second bal ance
status is broken. This will result in the establishnent of an 15 el ectri cal

pot enéI i al | on t hgvHemt it wm@éi@qttb@ﬂ@p&ﬁaa?t?a@uhﬁm, Qhﬁewmdeemlwapened zod
Accordingly, a transient curren | flow throu erm s. 352, and 354
connétt ed dssoReRat dhe éﬁﬂﬂlcﬁﬁ-”%?é% yﬁ’dﬂ%!gh-s‘tggaﬁegﬂﬂg @gi@g,ce ﬁg‘%‘d’% is RPkRBver
supply systref8 }itGestitth HauiiaHaB! of Ré@nddl igotdhtial 8Atthd Bolierakiddrodé@3In one
preferred enbodi nent, e-two ferroelectrjic el enents 310a a&ﬁﬁ%@% are

i denti cal . andmelecga%g%sﬁswatmaémﬁm ey wilhflgyy throu
configuratiz@d and 254 connected to botiom and top electrodes 232 and 234, hence the
power supply device 200 can now supply electric current fo load 20.

15
Figs. 3 to 5 show power supply systems employing two pieces of
electrically polarized fermoelectric elements according to further embodiments of
the present invention. The ferroelectric elements in these embodiments are
substantially the same as that shown in Fig. 1 and Fig. 2.
20
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
25 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, extemnal charges 342a,
344a, 342b, 344b are attracted on respective anode and cathodes, until a first
batance status is established. At the first balance status, the electric potential
30 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.



based on the power supply system 300 shown in Fig. 3. Two ferroelectric 25
el ements 410a and 410b are coupled to each other via two switches 460 and
470, wth opposite el ectrodes coupled to each other. Wen sw tches 460 and
470 are open, the electrodes of first ferroelectric elenent 410a attract
external charges on its electrodes, resulting in an establishnent of a
first bal arw@208/8240® in first ferroelectric el enents BIUE20EPE6T t he
power supply device 400, both switches 460 and 470 are firstly closed to
connect the second el enment 410b to thegfirst elenment 410a. A portion of WO
2008/ 024078 PCT/ S&20071000269 -10 the external charges of the first

el ement 410a are then redistributed by the connection to the second

el enent 410b, resulting in the first balance status being broken and a

second bal ance st in | . tus, the
el ectric potent F%'f“‘éi’ﬁ%?&?@&”ﬁ@ggﬁ%ga@%n%@t‘ 3&&2%?&?’2%%%@@%&?%% in the
5 first fesecmidebment 310bnerthe fitdd 2ldnsem @d0a.alA paetiorbgf thetaxtartal chergead

el ement 41 an renmai,nin orti of ,the electrjic.,ch _ e

el ectr odes%g?aﬁ sf“@l %rﬁetﬁ?" qﬂ@ﬁtgb"%ﬁﬁ fe ?@nggfzan g’d"}%ogésog’ggle%}g%@ct ric
c:Jrreglt , 4liggb?,sm'sumﬂgs?4ﬁ@ fmfba«igrﬂzeait%;sllﬁbigg)mh nt md:lﬁsnédtalatbmle second
el enent romthe first . e nt a ence, e,secon ance
status is Biauskeing etablisped, dgtLJ ?‘?Pof‘aeb%%'i'%[s{gg%ﬁ el%c?nca d'@f]@%lt rical
potential @BnéaEbftid ARsartielddticdl pelafip@ivn hlBa. firdiclenbdicogt \elerent
transient current wll flow through t&(rgg nal saaﬁSZ gnd 454 .conngcte to

el ect r odes 3102 ig newltalized hy botythgsecard clement 310Rand g, fENgNBg HOBIANA0 can
now suppl y 1l EddincC chdrges W4RNhnd 34028n4fe bottomh &lgdtRider 88Zh enbodpnent ,

the two ferroelectric élements 410a and 410b are identical. 20 A power
supply syseleetred®3d34dwn in Fig. 5 has a further nodified configuration
based on the power supply system 300 shown in Fig. 3. Power

When it is desired to supply electric current, the switch 360 is opened to
disconnect the second element 310b from the first element 310a and hence the
second balance status is broken. This will result in the establishment of an

15 electrical potential on the bottom electrode 332a and top electrode 334a.
Accordingly, a transient current will flow through terminals 352 and 354 connected
to bottom and top electrodes 332a and 334a, hence the power supply system 300

can now supply electric current to load 30.

20 In one preferred embodiment, the two femroetectric 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
25 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 elernents 410a.

30
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



supply system 500 has two electrically polarized ferroelectric elenents
510a and 510b serially coupled to each other, and with top el ectrode 534a
of ferroelectric elenent 510a physically contacted with bottom el ectrode
532b of second 25 ferroelectric elements 510b. Bottom el ectrode 532a of
ferroelectric elenent 510a is electrically coupled to top el ectrode 534b
of second fEPR8NEETric el enents 51 b, and coupl ed t BCHSEIPER0Rr i nal
552. A second term nal 554 is bonded to el ectrode 534a. 30 By having the
first and second ferroelectric elenentqyplOa and 510b physically contacted
to each other at the opposite polarization termnals, external charges are
prevented frombeing attracted to the contact surfaces, i.e. the top WO
2008/ 02407&1@@%@@0&#@%%9 fitst element dd6a5B4athen redistribufedr bpdhectri c

el enent 510a an om el e f 0, f ment s
S10b vi | 1 APoTSklen B b IoR ey 2308, Ben s FCRE m HRRESIbahGT
the electr lr?ml-@hairgeaw]seéompbalsnms&tt.g;nbemgaasthabhmadonAtattte sacoad bataacecan
screen eac en e ectric cha 5
attract ed 6"‘?? ?’ées‘f)’gﬁtf‘f’\i’g%(eé‘f@& gé’é% ?ﬁ@%@ﬁﬁgﬁﬁ‘ﬁﬁggﬁﬁmﬁ F‘?st and
secong f efirgpabasdladtae elepnariti4d0a 19 aeatidiZatiOy bethcthe asebbnd elehainhddebst at us.
When the first and,second, ferroel ectric el emen&l?nq %[Oéja fﬁ[‘ﬁ?b ar e, ,
physi cal | y 284 gofeqaiing Rogien;af dhe glectncy FateEs A FE 5344 and
532b 10 apegseparated apart, and unscr eened net charges near the surfaces

are exposed to surrounding environnent, resulting in attraction of external
charges thereon, and hence causing the first balance status broken. After

the separation, mﬁm.@aésue‘a% shﬁpl?félécltn&@fm#\@,tb%% witdhek 260 1aR8 470 @ed r 0de

534a of the first ferroelectric enent 10a but di sconnectgd fromthe

bot t & el eoperpitostisngnaeckthe secandaiement4jobdiom the firsf eleraert 4103 apg
El ectri cal %ﬁ%nce d%@c@%@ﬁ%ﬁ%&éﬁ“fﬁ@wﬂl%&lﬁﬂam Bstahishafehempt to

resume 't he tatu transient current is produced

t hr ough t hef amelectioal riential eu s slediadesof figgt elomant§1@a Asrerdinglycht
embodi ment trafidiént current will flow through terminals 452 and 454 connected to electrodes

of first element 410a, hence the power supply system 400 can now supply electric

15 cumrent to load 40.

In one preferred embodiment, the two ferroelectric elements 410a and

410b are identical.

20 : 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

25 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.

30 By having the first and second ferroelectric element 510a and 510b
physicaily contacted fo each other at the opposite polarization terminals, external

charges are prevented from being attracted to the contact surfaces, i.e. the top



20 particularly useful for applications in which a physical displacenment is
to be detected. In one exanple, a first polarized ferroelectric el enent
may be attached to one part of a seal, and a second pol arized
ferroelectric elenent may be attached to another part of the seal. In
anot her exanpl e, the physical displacement of an object is utilized to
turn on/ of f W8 288%%4¥F The first and second 25 pol ari ze8CEPeRRe%%re t hen
el ectrically connected according to the manner shown in Fig. 5 or as the
switches shown in Figs. 1-4, with an ajfrm device connected as a | oad.
When the seal is broken or when the switch is triggered, an electric
current is generated fromthe polarized elenent to supply to the alarm
devi ce, wralemrode@mabéﬂahfemelepﬁma!ﬁm@-ﬁﬁiowedbpﬁqzl@relqsatro@ﬁé3§'éaf or

L1 90611 10 SLoSNHENG3R ALAEEIOR A Aol it Sy 8, SOORPRATEES.

PCT/ S&Q2007/ rge vari et ectronic circults may be used
t oget her wiThe reasomistieat the eleptriy mamesgﬁomlte)%mmaatt@moﬁiaﬁglﬂt ache

present | e il LA Rhlon EUGHR biookichBlehablerBuapail | oot 1 0N, For

exanpl e, used 1n a power supply
devi ce or mtsdoted alstoaeipdctmes eleatrmcmst532|acand£iiabothea=ta£keéﬁtstbBad peedrdctricity

reservoir r stor.a n of singl ' e rectifier shown
in Figur es %{e‘gﬂ'tgje§ 5‘?975‘&%0%#@% rg?&gﬂgrsgpg%ﬁgggtaiﬁcapam tors and/or

i nductors may al so be used including a full wave rectifier, a voltage
doubl i ng circui Llch is degeneration fromth | ton vol t age
mul ti pl iger ci rcﬁYH%h%?f%aﬂaﬁ?MﬁP%‘émﬁF{eénlﬁ’{' ﬁ?)(gﬁ? Jgﬁbh n i nduct org
capaci tor ?s@ﬁly@e@d%ted i AoMBlant, tse mdr@oﬁracﬁeméotrddbs i534a @A 5328 shown in
Fi gs. ?ﬁ C. One capacitor or Jeural rs can be used as a

t enpdP ar y %?@@@W@QB apqd Hpsrreened nebRearges f‘ﬁ%‘p tF?éH& Clﬁ?tarﬁe&?ﬁf%gl ng
process or b BgmsliHdid &tvirthniehe r&wtfrfgﬂh att%ﬁ@rh Mfe)&émﬁhﬂ\mheﬁ!mp' y device

according to an embodi ment shown in now t aken ??n 2n exalrrpl eto

show exper iafdieare eausing the firs; Qﬂ'ﬁﬂ?&§tﬁ{tﬁ%b’1°5PP ofiftagthe seegr@tien.dermina

par anet er Sis44 is still connected with the top electrode 534a of the first ferroelectric element
510a but disconnected from the bottom electrode 532b of the second ferroelectric
15 element 510b. Electrical charges are then demanded from the load 50, in an
attempt to resume the balanced status, and thus a transient current is produced
through the load 50.

Power supply systems according to the present embodiments are

20 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 tum on/off a switch. The first and second

25 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 atarm 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 friggering of switch

30 can therefore be detected.



Ferroelectric materials: Simlar ferroelectric |ead zirconate titanate
(PZT) 20 ceramc disks: ¢ 25 x 1 nm Capacitance: 5.7-5.8 nF; tg8: 0.003.
Capacitor: 100 nF; Switch: on/off single pole switch; Resistor: Three

di stinct values of 100 KO, 1 MO and 10 MO, Diode: Schottky barrier, 1
N4148 or equivalent. 25 An oscilloscope is used to record the data/waveform
obt ai ned. [wWORMBH240Zse, this waveformrepresents the PEHRGIBHI03B| t age
curve with respect to tinme in the RCIload. Fig. 7 shows the experinental
results obtained through the neasuremgpts. The three curves in Fig. 7
correspond to the three distinct current 30 demands sinul at ed
experinentally by different resistance val ues, which curves 710, 720 and
730 cor r esponds At largeharidty®f ks trorisicituits, may MOuseds tagether with tHepowasr

resi stor | r X gtoa
smal | er V\D%g&@i’g?én?’%t 6‘%%85@&@&; br%gél?tgrékfegﬁ %g@?xf—é&é@%{ﬁﬂég@ faster
t he ener gy vadpledifierent hpslichttord, rl@)rte@amplel, dieges,aiapagjtors andlpumdumioe; qui ckly.
The di scharge voltage t icalulﬁfgpa.ks |nar efr ;3 to 0.75 V
s measur odna b iERD s Tupy REGER ol bralim B A el arae el 000 0 e
10?| KyJ IOadngbﬁrﬂéI@aﬁbMeééﬂOEbdetoﬁbd rln@te@ﬂ%ﬂﬂslr@!édimﬁe aleshefj rorTnh8 S )
mlli-secon meec) to less n n,the lo e pea
Dower 1 o dEUHET Srem GyFigs BB ana s platcotRURERR SHORLES. CaPSRIBTR 0. 36 W
for a 1 I\/Danhtafmhductdrs hfayGiksaie/estd ihallding @ fBWaGE Rictifi@y\8 voitagepr ovi ded
repetitivel swi t chi ng 10 the switch 360 and of f. T t hree curves
in Fig 7 af"é“ﬁg gyt Aviiehy isr & Q?qu}?éat'oé'ziﬁﬁ"mﬁ& K@“ % ctric

el ement s WinhdiGlier emu.ﬂ) %Mitbﬂ&o%gé%‘éﬁlt hﬁdﬁﬁﬂhtﬁ Qﬁ‘mdhbtb?%abﬁﬁfo‘i anfur t her

results of this can seen in ere a di scharge peak 15 voltage

of 21& Vv aslkpdg. meqwﬁwto;ﬂ)mercﬁupa@tdeweéﬂﬂgw plagwiyinigs. B0, b8 and;6C.

One capacitor or plural capacitors can be used as a temporary charge storage
circuit to control the transient discharging process or the duration of the current

supply.

15 The power supply device according to an embodiment shown in Fig. 3 is
now taken as an example to show experimental results, which has the following

properiies / parameters:

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

25
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

30 demands simulated experimentally by different resistance values, which curves

710, 720 and 730 corresponds to the 100 K< resistor, 1 MQ resistor and 10 MQ

resistor, respectively. With rising electrical current corresponding to a smaller



achi eved using another two ferroelectric |lead zirconate titanate disks. The
result is obtained wth the enbodi nent as shown in Fig 3, except that the
orientation of the diode is reversed. This power can be used for many
varied electronic applications, and is sufficient for RF signal

transm ssion. 20 It should be appremated by a person skilled in the art

t hat al t hoO¥2W#P3678pul k ferroel ectric ceram c di sks aPel/3f=28¢/1086% he
construction of this system other naterials with remmant electric

pol ari zati on can al so be used in powerizgsupply devices and systens
according to the present invention. Exanples of these other 25 types of
suitable materials includes, but not [imted to, ferroelectric single
crystal s, rdsistansel loads the fﬁstﬁidbﬂeé@rgw deplelesefusi leadingntoaialingyokirge i | ns,

ferroel ect t f | the

ot her mat eédljtg\"mw}% ﬁal‘éﬁ{gc{rﬁla Cd?&%g{ arYle apéf’(ﬁéﬁ&l%ﬁ %@%wﬁﬁﬁgﬁﬁl D

syst em 800060y &yifY a peasred aﬂgl thedtinde; avitbra rrwgmamm&@un‘emgetﬂ@ one
enmbodi nent Ve o power
cuppl y doviAERe R FEEan DieRingte SReBheaRra S8k Bhobi B iratabas

PCT/ S&Q007 mipeesithd (nibécproeswﬂwan YVEmiseo dependirmeoh the leahpihe prakgpowen a | ow
power RFID transmtter The RFID transmtter, 812 n grit re-recorded
rgnal o t hiSHGH & KL 18hAd 08462 loag: e estcnontarh abontar 36 v4F ol Moun)
Wth the tgggoral power supply device 818 coupled to the RFID transmtter

812 optionally through a rectifier 816, a filter s and storage circuit 814,
the RF signal emssion is sinultaneously triggered. Conceptually, the RF

e SShrn ! & esiseedo AU LaRbbal binbi S Ve fogdhiieipby sy st ng

portabl e RF systens, t e power su evi ce @B aces
convient i onthie wn@hgﬁﬁosmanésﬁf iThe Iﬁ!@ﬂr@%ﬂhcﬁiﬁ 7baflet @5@ taingsi fi‘?mdbﬂ s, or

ST OLher g B R SORITR YRR s BB ot o

t he tenpor system a
threetests

Further results of this can be seen in Fig. 9, where a discharge peak
15 voltage of 2.5 V and a maximum power output of 62 W for a 100 kQ load is
achieved using another two ferroelectric lead zirconate titanate disks. The result is
obtained with the embodiment as shown in Fig 3, except that the orientation of the
diode is reversed. This power can be used for many varied electronic applications,
and is sufficient for RF signal transmission.
20
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
25 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.

30 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



applicable for RFID systens particular for tanper indicating electronic
seal. The 1long standby tine, sinple structure, and | ow cost of the present
invention is particularly useful for RFID applications for tanper
indicating electric seal. 15 Although enbodi nents of the present invention
have been illustrated in conjunction with the acconpanyi ng draw ngs and
descri bed iWORNSHI48egoi ng detail ed description, it sREUPE2BE8IHr eci at ed
that the invention is not limted to the enbodinents disclosed, and is
capabl e of numerous rearrangenents, 204wdifications, alternatives and

substitutions without departing fromthe spirit of the invention as set
forth and recited by the following clainms. PCT/SOQt/*026 Received 11 April
200 15 d gwresent inkentivnpie wesed stopuipply qanwer its ianipw powerl REWDY tramdnhiltep®1air i zed

el ement; a-fir | ectr.od nafir ur.f ace .of ' | I
pol ari zed él{hg r@ﬁp ;Eiran?rgtgeg g‘n@ (a"e%f"lt §#é?egﬂr%%53é§rbarléﬁgﬁ¥§4a§£5é¢%§éi8§0
el ectri cal liy apotduternaed siceiven{noMshoen)) With dhe eanapulalspovwer capply desicen
opposite si of said, el fro |d first.surface; .and ergin a
ormant of S1F Bpeed s e AP lrapsrdies 872 prrcriahy vibLaT fieaBrate i o
el errezgt Caungsstérager Gifcutt M'rtgletltkOREokibﬁa_t gmtssmai t fsinmstanedéwnmr@d]d a
second oppgsite charge caol l.ect on said seco el.ectrode to eate an
el ectri cal &@Hgﬁ’aﬁ’%ﬁﬁ@@?ﬂ%m@\er ‘Hd SEE%BH@'@E %F?'BB@_Sﬁé?t Fhe power
supply of edenbsisting! puridbRl REOSYRIANSS, Mk tfe poWeH supphnaelit® 818 hgilacdhect s sai d
first electrode to said second el ectrode, thr ough a |oad, 3. The power
supply of EP'&YQW‘?“WPY@%WF- inchidlingyafious hetterigs, !ﬂfd:ef'?vé’&@é'ﬁ i gnal
transm ssi phocWRSower scavenging mechanisms.
10
In one application, the temporal power system as disclosed herein is also
applicable for RFID systems particular for tamper indicating electronic seal. The
long standby time, simple structure, and low cost of the present invention is
particutarly useful for RFID applications for tamper indicating electric seal.
15 .
Although embodiments of the present invention have been illustrated in
conjunction with the accompanying drawings and described in the foregoing
detailed description, it should be appreciated that the invention js not limited to the
embodiments disclosed, and is capable of numerous rearrangements,
20 modifications, alternatives and substitutions without departing from the spirit of the

invention as set forth and recited by the following claims.



4., The power supply of claim2 further conprising: a first switch alfb%
said first connection between sai-d first electrode and - sai d scRERPE2V760026
el ectrode wherein said first switch conpletes a circuit when ReceivedlbApdil 200
position to cause current to fl ow between said first el ectrode and said
second el ectrode to establish a bal ance status of the electrical charges.

5. The power supply of claim2 further conprising: a second connection that
directly connects said first electrode to said second el ectrode; and .
"Amended -Sheet | PEA/ AU 1 4j oi a/ots PCT/ S&007/ 00026 Received 11 April- 200

16 a second sw tch al ong said second connection wherein said second switch
causes a short circuit between said firkt el ectrode and said second

el ectrode regyp@si ve to said second switch being in a closed position and
't'o cause a break in a balance status to cause a change in electrical
potential between said first electrode and said second el ectrode and :
causes ' a transi enh pouwkdsepily tangiisiagy over a first connection responsive to -
sai d second switch being in an open position. 6. The power supply of claim

2 wherein said first é‘l“.g £ _W@“?dgépﬁ‘&de and second electrode is an
anode; said power supplfisifeletirdie bn & firspurfadend saidicls@callg pahrived eleaent;] vy

pol ari zed el enent; a tahieéog %L,&Ptég’df egond'% H ésﬁ Sau'if%fql ofisaei:dd second

el ectrically. polarizdd®C8f EsEiore dhbieetd Sehca Ot RGP ardbeesled s a cat hode:

a fourth el ectrodéement whereip arid sewondf sadae if onsaiogps e Ddacbfedie element fibiny

pol arized el emeng, rleeSakd second surface is on an opposite side of

sai d second el enent romsaid first surface wherein said fourth el ectrode
i's an anode; a third cowrEREOPRIbefiaskeeiries pefafidation inghideleetderlyand sai d

fourth el ectrode; polarized element causes a first charge to collect on said first clectrode and a

second opposite charge to collect on said second electrode to create an electrical

potential between said first and second electrode.

2. The power supply of claim ! further comprising:
a first connection that connects said first electrode to said second electrode

. 'through a load.

3. The power supply of claim I wherein said load compﬁses:

a radio frequency signal transmission device.

4, The power suppl_y of claim 2 l’urthef comprising:
a first switch along said first connection between said first electrode and
‘said second electrode wherein said first switch completes a circuit when ina
closed position to cause current to flow between said first elet:t_rode and said

second electrode to establish a balance status of the electrical charges.

5. The power supply of claim 2 further comprising: _
a second connection that directly connects said first electrode to said

second electrode; and

Amended Sheet
IPEA/AU



and a fourth connecti on between said second el ectrode and sai d th| rd
el ectrode. 7. The power supply of- claim6 further conprising: a gi 01“‘%3026

switch in-said third connection between said first and fourth e% il 200
wherein said third switch is first set to a closed position t(y u P
electric charges to cotlect on said first, second, third and fourth

el ectrodes, said ~ third switch i's then set to an open position to break a
bal ance status to cause an electrical potential over said first

electrically poJarized elenment to supply current to said |oad over said
first connection. Anended Sheet |PEA/ AU (r)015/018 PC VSG2007/ 00024
Received 11 April 201 17 8. The power 3%pply of claim7 further

conprisi.ng: a fourth S%E&,‘lasj”nchs d’% %ggﬁgghn%g#ygﬁ&}%&[%ms[ v&&nﬁ‘%‘?‘ second

and third. el ectrodes erein sal SW es are tirstly in
a cl osed posi ti oncuses asherseircait betweingaidifiast glegtrodoansohid eeondelectraiie first,

second, third, anﬁ:s}fvd?l'éirvta B lISEhPHRRA beinSfla %IJSJ,;H ﬂogltlgrp QL LdY djﬁ'&%ktu? hes are

.cl osed causing said electric charges on Said first secon ectrodes
to be redistribut éaalﬁfb}eétaﬁuatc’t%ﬁlspacwwmﬁﬂ@p@m#w@ns«'néﬁtsf al i zing said

el ectrical potent biebtrodd afiiaid sédohd blelo8Edndichiabd aytrdaa&ﬁ&r?e%@lmfﬂo@rmata, and
said third and foyrth swi.tches are then opened to supply electric current

to said | oad ovePrsbeanpectipy LEPQISF E’c"'?’idéFF‘m@SW‘*FH EeipgiRap ORBIIFIIOBT claim 6
wher-ei-m said third connection conprises: a d| r ect physi cal cont act between
said first and fo;géethwel ectrog§ F@; ei.n E‘|oth i.cal ct causes said
first and folrth CTERPFELREPYSIEH eéﬁ’(’:ﬁ" léerl clrigrds acathey 8 SF‘(S’H of said
di rect physical cedatadtisenunds sad pewaralpphl fakercomgismpges to -
i: second electrically polarized elemcpt;‘
a third electrode on a first surface of said second electrically polarized
element wherein said third electrode is a cathode;
- a fourth electrode on a second surface of said second electrically polarized
element wherein said second surface is on an opposite side of said second eiement
from said first surface wherein said fourth clectrode is an anode;
a third connection between said first electrode and said fourth electrode,
and _ o
a fourth connection between said second electrode and said third

electrode,

7. The pov;fer supply of claim 6 further comprising: _

a third switch in said third connection between said first and fourth
electrodes wherein said third switch is first st to a closed position to cause
electric charges to collect on said first, second, third and fourth electrodes, said ’
third switch is then set to an open position to break a balance status to cause an

- electrical potential over said first electTicaIly polarized element to supply current

to said load over said first connection.

Amended Sheet
IPEA/AU



be attracted to said first and fourth el ectrodes and causes said Ioad to
receive . current. 10. The power supply of claim1 further conpr ”lsﬂm
current filter circuit coupled to said electrically polarlzedlf 1 201
The power supply of claiml further conprising: a current rectl |e #ﬂ%
connected to said electrically polarized elenent. 12 The power supply of
claim| further conprising: a tenporary charge storage circuit connected to
said electrically polarized elenment. 13. The power supply of claiml

wherein said electrically polarized el ement conprises: a.polarized
ferroelectric elenent. Anmended Sheet | PEA/ AU PCT/ S&007/0002b Received 24
Oct ober 20 PCT/ SG20071000269 18 14. The power supply of clai m 13 wherein

said polarizeg ferfh@ﬁdu%?&dpbl?o?&lﬁﬁﬁ‘ﬁnhécolﬁ&;lisﬁ{‘gt ed froma group consisting
of ferroelectric bulk ceramc, ferroelectric —multilayer ceramc,

ferroel ectric single cfgufhgwichaiadfeuehcpmetignbeipesmsaldseondanddhied i ¢t hi ck

film and ferroel el@&tfoﬁé‘s vﬂﬁl-e}ﬁ@fd thlilcﬁandf%oﬂmtsm&eé 8 GRNPW Li163ed pRAVRE O a
| oad conpri sing: |ndu on a first electrode formed on a first

surface of a fir s{’a“'*ee ?Crcg%‘ﬁ?sl 9 cqllstton said frsb sespach findnand fow clsabpdst. ect r ode
f.ormed on a seconshidilrd aﬁiefourmfsmahed arfeiclosdd dahsm‘gtsaid@&hdrm chPdea bh ZROG€] ement ,

wherein said secon sur 0 site side id first
electrically pol afl ngc " %‘é’ﬂfs ¢ P%rr?fh?gﬁ‘glg‘f °rS§'§ ug'iﬁltﬁf‘%\g’@nﬁglﬁﬁf?d%\m tching a
circuirt connecti ngeuSalwmgfsmd slecteiced psteeiahch lddtitclzdaisallyeblasad ckment,

and said third and fourth switches are then opened to-supply electric current to

said load over said first connection.

9. The power supply of claim 6 wherein said third connection comprises:
‘ a direct physical contact between said first and fourth electrodes Wﬁerqin
said physical contact causes said first and fourth electrode to screen each other
and a separét.ion of said direct physical contact causes external electric charges fo
be al'tractea to said first and fourth electrodes and causes said load to receive

current.

10, The powersupply of claim 1 further comprising:

‘a current filter circuit coupled to said electrically polarized element.

11, The power supply of claim 1 further comprising:

a current rectifier circuit connected to said electrically polarized element,

12, The power suppIy of claim ! further comprising;
a temporary charge storage circuit connected to said electrically polan:red -

elcmcnt

13.  The power supply of claim 1 wherein said electrically polarized element
comprises: |

a polarized ferroclectric element.
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first connection to establish a balance status of the electric charges on

the first and second el ectrodes,“and-a second connection to br qgkrit2007/0002¢
bal ance status to establish an el ectrical potential on sai dpfdeivild 224 Gctober 200
second el ectrodes. 16. The nethod of claim 15 further conprising:

connecting said first electrode to said second el ectrode through a load via
said first econnection. 17. The nethod of claim 16 wherein said step of

connecting said first and second electrodes to a |oad osing a
first switch along said first connection between said f%&oﬁﬁé@?%de and

sai d second el ectrode wherein closing said first switch conpletes a
circuit of said first.connection to causg current to fl ow between said
first electrode and said second electrode. ' 18. The nmethod of claim 16

further conprilgi ngThaliowecdubyly ofsmiRaBiwhgremahid pblasifell rtotlebtiOBmsRissai d second
el ectrode al ong saj ectcﬁ(lg,;cond connec |o‘g, Sheet_ | PEA/ AU PCT/ SUO7r

02(1 'Received 11 DG eropg cqigist f?FE’PQ‘stC g‘ﬁgﬁ?rﬂplﬁa femodissireher
conprising: closi ngu!alaser(calanhcsmrbﬂmr&lsﬁm@cmlad fareltiflc tONMRG fk@dleda@ Cause a
short ‘circuit bet E@hﬁ%?f l§ct1 Fctrode and second el ectrode to
neutralize sai.d ctrlca poe BPSF said first electrically polarized
el ement. 20. The rret hod of claim 18 further conprising: opening said second

swi tch causi ngsa cRaRERd il pRhRGEh &8k RLE B BkingDSt woen said Tirst

el ectrode and sai d second bde to0 cause a ltnFanS| ent current to flow
over said first connectndg#ng chargesmnen firgiteleoiods formiedipma it sufareaifn fisai d fi rst

el ectrode is a catéiQHRaBhISBLCLISRACHT a second electrode formed on a second surface
- of said first electrically polarized element, wherein said second surface is on an_'
opposite side of said first electrically polarized elerﬁent from said first surface;
and '
- switching a circuit connectmg said 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 said first and second electrodes.

16.  The method of claim 15 further comprising:- _
connecting said first electrode to said second electrode through a Joad via

said first connection.

17.  The method of clalm 16 wherem sald step of connecting said first and second
electrodes to a load compnses -
- closing a first switch along said first connection between said first
electrode and said second electrode wherein closing said first switch completes a
circuit of said first connection to cause current ‘to ﬂoﬁv between said first electmclé

and said second electrode.

18.  The method of claim 16 further comprising;:
directly. connecting said first electrode to said second electrode along said

second connection.
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el ectrode i s an anode, said nethod further conprising: connecting athird

el ectrode on a first surface of a secaond el'ectrically polari zeﬂﬁlmmzﬁ
sai d second el ectrode wherein said third electrode is a cat hgﬁegé; ed 11 April 200
connecting a fourth el ectrode on a second surface of said sec v P
electrically polarized elenent to said first el ectrode wherein said second
surface is on an opposite side of said second elenent fromsaid first
surface wherein said fourth electrode is an anade. 22. The nethod of claim
21 further conprising: closing a third switch al ong a connecti on between
said first and fourth electrodes wherein said third switch to cause
electric charges.to be attracted to sal®d first, second, third and fourth

el ectrodes. 23.- Tﬁ%nﬁ@%ﬂ&g?ﬁﬂn gﬁh@r?&w{r{gk&her conpri sing: opening said
our

third swtch between sai Irst an h*el ectrodes to supply current to
sai d | oad. Anended Shélesing § FEAIdRYiIRICIIPEERUGToNd GOOREon Regwseadrtll April 200

20 24. The met hodeifit GdiddemsAid it EibiiRlc SRTBIchS LB Gkodeth AUz AafOUT th Swi tch
al ong a connection between said second and third electrodes to cause

el ectric charges ¥@ticd)nokatial ghsaiclirat dgciriselly polssigndelement rd, and fourth

el ectrodes. 25. The nethod of claim24 further conprising: closing said
third and foyrth swt hgs causing said el ectric charges on said. first and
second el ect B'des’ﬁ'teé”eﬁ@ PECIrE 18 RheE ePRBIS®ET d third and fourth el ectrodes

neutralizing said el eeponingahid p@beddviRh cRBing abitnid ih slecratpstediarl | y pol ari zed
el ement. 26. Theb pet hod fof, ?' ai 2§ f,&th her- conprising: .
: etween said first electrode and sai sec_ond electrode to cause™a transient current

to flow over said first connection.

21.  The method of claim I5 wherein said first electrode is a cathode and said second

electrode is an.anodc, said method further comprising:

connecting _a'third electrode on a first sufface of a second eléctricaily
polarized element to said second electrode wheréin said third electrode is 2
cathode,

connecting & fourth electrode on a second surface of said second
electrically polarized element to said first electrode wherein said second surface is
on an opposite side of said second element from said first surface wherein said

fourth electrode is an anode.

22, The method of claim 21 further comprising:
 closing a third switch along a connection between said first and fourth
electrodes wherein said third switch to cause electric charges to be attracted to

said first, second, third and fourth electrodes.

© 23, The methed of claim 22 further comprising;
opening said third switch between said first and fourth electrodes fo

supply current to said load. ]
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opening said third and fourth switches to supply current to said Ioad 27.
The met hod of claim2l further conprising: making a direct physpeg

between said first and fourth el ectrodes wherein said physi cﬁ &9
- causes said.first and fourth electrode to screen each other Q% rﬂ200

' met hod of claim 27 further conprising: separating said direct phy5| cal
contact to cause external charges to be attracted to said first and fourth
el ectrodes ‘and cause said load to receive current. Amended Sheet |PEA/ AU

20
24, Themethod of claim 22 further comprising!
. closing a.fourth switch along a connection belween said second and third
| electrodes to cause electric Vcharges to collect on said first, second, third, and

fou_r_th electrodes.

25.  The method of claim 24 further comprising:
closing said third and fourth switches causing said electric charges on said
first and second electrodes to be redistributed to said third and fourth electrodes

neutralizing said electrical potential on said first electrically polarized element.

26, The method of claim 25 further comprising:
opening said third and fourth switches to supply current to said load.

27.  The method of claim 21 further comprising:
making a direct physxcal contact between said first and fourth electrodes

wherein said physscal contact causes said first and fourth electrode to screen each

other.

28.  The method of claim 27 further cﬁmprising:
scparating said direct physical contact to cause external charges to be .

attracted to said first and fourth electrodes and cause said load to receive current.
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