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SYSTEMS AND METHODS FOR RECEI VI NG AND MANAG NG PONER

I N W RELESS DEVI CES RELATED APPLI CATI ONS [ 0001] This
wappioesst on clains priority to US Provisi onal PERUSING/041355

Application Serial Nunmber 60/729,378 filed October 2

1, 2005, and US Provisional Patent Application Serial

Nunber 60/ 760,040, filed January 17, 2006, both

i ncorporated herein by reference. BACKGROUND [ 0002]

s PRTERES ARISINEABOBI R RECHTREEARTAARE NS BH FRR
Iom1 evel s of power for opera on are requently use
for collecting infoWBELESSWEVEIES bei ng intrusive to
their operating environnment. For exanple, a battery

power ed sensing St ce may be
surgically inplaﬁgghkaﬁihghﬁi(ggﬁgﬁ¥$ssue to sense and
transmt characteristics of the bhody in which it is

i pl08fleGhis poplepafionflaims prarityio EHS Ptrﬁtélswaﬂlt%t?ﬁ gpplication
Sertt N*&hi%ef H@hz@s‘?@ RRATOAEED1) B xﬁﬁU@‘iﬁf)\hbﬂ%ﬂé}'Pamm

surgi cal procedures to periodically replace
Ap}hiiuatiem ﬂen@NnﬂﬂmrI@/ 7604080 filad Smwegr 132006 rtwutis mcotporaged

h de &lce is located within controlled or hazardous
SRV FOIFENEs, it is often a time-consuming and
expensi ve task to periodically replace the battery.

[0004] Energy may be BACKestOUND om radi o frequency
( RF") waves for use in renote sensors and

tr 002t $dRersda 'tﬁﬁ%lt@%echﬁ)&%ﬁl ghd fdalige low levels of power
functionality is an RF identification ("RFID ag

for pperetieterteviguepnsiversed fCUrpDHW‘ERE infpvmatien ylthoutrb@mgantruswe to
e ARG LRt 5 ESEAL bASsh Rhe PR i
devadeghal be @ifglcdlﬂyami{ﬁ@lke@ﬁwthiﬂ 1svih a6 ke®ginse and taisntihe
RFI D t ags tyglcal y .only operate over short distances.
€

charagtymisticsotythe pedina Whichit iswidaed t hat i ncl udes a
[ﬁgﬁ&gﬁ heﬁ%ﬁnﬁﬁ%%ﬁﬂ&ﬁgﬂﬁﬁ@ﬂ%ﬁﬁuﬁ%ﬁ V§%&§ro%%ﬁk&ﬁﬁés

es and produces di'rect current
add@iamat surgictlyprodduerd@ peresticallyireylagr thd baﬁdyb&nﬁhﬂy, where a

rect nna | de endent on .rectenna mave

seni GO GRS Ip eAIEH 2o OBt RAGFEC e

envir®M@lknts g in Alimé-B6nsuBELEMWPex tp@ﬂﬁb@ﬁtlslub etrﬁﬁlc@@y replace
electricity output fromthe rectenna is conditioned by

the ottt i oni ngel ectroni cs before being fed to a powered
devf0584]( Eneggy msa%%sé% esteg 53R{ Aaf6 éequency (“RF”) waves for use

in remote sensors and transmitting devices. One example of this functionality is an RF
identification (“RFID”) tag that derives power from an RF wave (e.g., from a
transmitting device operating to read the RFID tag) and uses that power to transmit an
identification signal. One drawback of this technology is that the RFID tags typically
only operate over short distances.

[0005] A rectenna is an antenna that includes a rectifier; the rectenna receives
RF waves, rectifies the waves and produces direct current (“DC”) electricity. The DC
electricity produced by the rectenna is dependent on rectenna design, RF wave
frequency, RF wave polarization and RF wave power level incident at the rectenna.

Typically, the DC electricity output from the rectenna is conditioned by conditioning
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transmtter etc.). \Wiere characteristics of the RF
wave vary, the DC electricity output fromthe rectenna
wab@o/ovss es; this affects power conversion ef PETUBI00§/041355
due to | oadi ng upon the rectenna by the conditioning
el ectronics which attenpts to maintain a constant
power output for the powered device. SUMVARY [0006] In
ele@iRi@BRARE BBIAL fedtol Atveréd SALRN@Y., (SBdor BEEHIbQisor,
devi ce has a first iﬁgjodic or a%%riodic aﬁggnna.array
trangitier gke)- SYhaip elearagieristien ofthe Mdhweave Eirgche Dhélectricity output
. de ectivity of the t enn .
frof KGR B0 iy HEORIEH ol & oisrrio ot Al e o londing
upohrteeeetonya by efegyonBitiohlng ddctrdhicp @hidhditents RRBLhAM £
antenna array_.is determ ned by size and | ayout of each
cor tlanttl??é"eéﬁ?@ﬁ%g’féhwréq dewiee. connecti vity, and
coupling to one or nore rectifiers. [0007] In another
embodi ment, a reconf guialheaggdi o frequency (RF)
reception device has a plurality of antenna el enents,
ea I t ' | east .one
e e L e L
perivdicar petiddioattine gotayrvalt éne @fmaBtaarnaa elegRBR! Blectiias a
first size and wherein a second set of antenna. )
conglycties AR RBERBADI G A EHETBIlfaInts icBfihateleviive reception
£ 184i6 MRGhdhcy RS cd byBORF: Sérdflic & HEkbhicahtRANGHSGS Qr S
° rprlovi e ggnneg?Féity toﬁeacﬁsofﬁ%ﬁe bluf% |ty£% _
detegprined by sigecmd daouanbleach of e aateans glementsatheseheetivitg, and
Coué@fﬁt@tno;ng%rﬁforﬁfecg ergy by the plurality of antenna

I s determied by size, shape, |ayout and

suljeouatie anhaeeahbsdigichis 8 r@bnfi &bl Wadb ifeu@icyqRIFFNna
eLenEnts, t he connectivity, and coupling of ohe or

receppie dedes nasiaglyraliyy efratqmna elamens, efc tt&mﬁem}a@h@mm
i L. S ctLve
a0y SAOANE BB o LS B SELGH b

pluraligraf ediconaeltmenta, lasradirstiitdand vihaisialal seyor@f sef bf ttenna
El.ectrical conductors provi

. de :
B T N (T C T
con@ Bt &H PR VRl LIMAbSIvEYTH e&dgﬁif tﬁh@ll)l'ﬁ{;atli't}y &f RRLA F&8knts and

reception of RF enérgy by the aperiodic antenna array
rectifigrsfarck et pelectlyg resdptipn af RBenengst biydectplpoility of arftertrae

e ts tgF connect i vi and coupl i ng.qf
L0, ST U5 SRREE A e A% B
plurhlityaifiehtesiia € sipetls HE tonrcE¥ist afid 6AIPIREF 086 more rectifiers

condi tions variable DC
to the plurality of antenna elements.

[0008] In another embodiment, a system for selective radio frequency (RF)
reception has a periodic or aperiodic antenna array with a plurality of first antenna
elements. Electrical conductors provide connectivity to each of the first and second
sets of antenna elements such that selective polarized reception of RF energy by the
aperiodic antenna array is determined by orientation and feed points of the antenna
elements, the connectivity, and coupling of one or more rectifiers to each antenna
element.

[0009] In another embodiment, a system collects and conditions variable DC

electrical power from at least one source. The system includes conditioning
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el ectrical power fromat |east one source. The system
i ncl udes condi tioni ngel ectronics for converting the

wao a007ai8062 DC el ectrical power to storable DC PCT/US2006/041355
electricity, the conditioning electronics presenting a
desired i npedance to the at |east one source, and a
storage device for storing the storable DC

elegtanidsrivcédnyerting @Oy arlableaDOtdedtri RIPORENS Rloratie SUS LB city,
fromradio frequency

har vest.s ener gy )
the ¢ Q?%{?l?ﬁleg Bl\ﬁlé@‘g%?ﬁ PeFFREng p-dgeives ipmedance Ththesy deasinone source,
and ef‘ﬁ&ﬁ?@&ﬁcé for §ﬂo¥ih§ g%éljﬁéﬁjaﬁl% %%ﬂ*c@ltcit. east one antenna

and af |east one r ier, € recerving device
cont¥@18li ngmother &RbodioTentya\sgstam|Haivests @henys oD PARS fTediiedcy
( k&g%%,curnﬁnt éDC% electricity. The systemalso haS a
v ﬁﬁ?{ﬁ’d R R PRt heyystegrinclydees recpiging device with
at 1¢aeCaievinf@ng evd §8cNA8E rdéRALY E}{éefeg%f?glﬁ% QebitL Ebﬁ%gi%q’t e

resents a desired load to the rec ing devi

RF/mdgrowps/mallipteteriyeaviel powter ingo tirect (00t (DIC) ehovtidist The
' hod converts radi o frequency (RF) .

oy RS IR Rog e B AR Sn R B R (0 Ron ey B deavibe ogyice
basé¢dndondhe D Ct diectiS 16 $b)Yafresen G dirb®1dal @0 theREcBNEE A¥vice and

sin 3% %fast,one rectenna, loading the at |east one
(d)#@@fgﬁ CflecHicydesired i npedance, transferring t he

reqed : Vi and. condi ti onj.Ng

L R e EAR e B 01 2
enengy ietnosthde deeds odireen(DC)alaoridigdinehiditgy the stéps bABRIViMhe
RF BQuer J]: %Iecfricit into usable direct current (DC)
JeLEY UsIng 4 )}?as P16 e Pt ppding 5§t lspst ogg feqtefga with a desired

impedvatetagsfesinethe RicetiE pYati A0 s%oﬂa%é{\’dﬁﬁw bndPo ditioning the
el ectricity; selecting, based uponh the sensed
storedhpgvee e proytdectbe DS @desttioitpC converter nodul e and

ti . istics t th i abl e |
oz RGNS s BNy sstan v pgper D

clecstotty age usallodireg cltentqDTY efdca it Befudidd thy slefs 8f: sensi g
device; and conditioning the store

sui tabl e_.storage
chargterfics 6y Vel et pewes b deaBits: edevtings bysed 001 B

E Dedn . i uct has ..
T uag 0t oy B n R hEDE R il Biragrerisio o
convghidhevariabheloimsiwarQC elestricith enclexeicity edtdbye for sV er ,

ner.f orm st eps for. desi gni a system for_ harvestin
storig éhreg%?n?f?‘jbe %?Pt’ﬂx%}velg,a queﬁgam@ge xi58; grd congditioningtheg

stored dldetii @616 PRaiude skdble DOS dIWGH &, 0 sel ect desired
rectenna configuration for overall conbined rectenna

an H)Oéél/v@r aneges §aodfnfent, aevediyvarsplodiictdhas pptropiiomst gored on
combAEAA B! PR LSRR El e ETDEneTLs,
perfael eqtsefor deatdniyaseemh g Hants@ik ét¥zy from RF waves, including
steps of: interacting with rectenna design software to select desired rectenna
configuration for overall combined rectenna and power manager efficiency; solving
appropriate converter topology; selecting converter components and operating
conditions for maximum efficiency based upon selected rectenna confi guration and
output characteristics over designated incident power characteristics; and selecting
appropriate control approach and settings for maximum overall system efficiency over

given system characteristics.
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out put characteristics over designated incident power

characteristics; and sel ecting appropriate control
wa@pprosoR2 and settings for maxi mum overal |l SysPEMUS2006/041355

ef ficiency over given systemcharacteristics.[0014] In

anot her enbodi nent, a nethod designs a rectenna,

i ncluding the steps of: selecting elenent size of the

r ecl0@ hTiaInkaiaséﬁr grpbmdimca@, |a&b#tﬁocﬂﬂ@§gns laR6dteamal ix{cﬁﬂh?gt fhen

ower ve and .operatin requency range; sel ectlng

Step%%‘ﬁ%h?‘%%?@ﬂ@%%@%# s I’E}B@ﬁsqu@ORIEV@ngcmémdm
radiafé pdw& leved ] ino&Fd @ rial. hased upon . .

pr opg% ation ﬁéergﬁjﬁr%[l%w gt egﬂ@ n@ée?gﬁgé%ngsez‘f%%#ipﬁgmzamn
basgdognasrihe RErensiyomhepof apetatoraecleatasietRo fatinl Ried upon

wer level i | ab ,
proBtlt BT o e B lec i pen prstmape pesbtirng
basaal upenirequia ook @ABOWS: ROAARAIE o FAGREEC LLEIAL, AR

on_incident power |evel's and selecte SI Z€;

u
cyclgg andsayadlable sppcs; selerting agpprbep of demeiits coimcrdde dadisectifier
L ds r Laent. a software oduct has
o000 el AU IRk B AL GG e

apprahsateifor infeadédisder uct i ons, when executed by a conputer
ning a rectenna, including

t f desi
D RT R oo stibadimetta fatveny pusadghasovbmcamma goreint:
com@ert-sdesk IRIL wherehf h%ﬁ st@%ﬁ%ﬁ g) S %%et‘ecn Ee g)yaan%o%gr

configuration for over rec
perforam sigesvon tlesgifing b eentmnapintiudinm) ingnroa'e?é foir Eiited ckiG bl tishh g
|ication, solving rectifier circuit
pow?’ﬁ‘%g&(%%%ﬁta%g%n&BﬁWa@ptPiS e LQPIMER rectenna spRiggiratiqp for

oversid kvmbigied AoBHAA ah® POW O aRAIBINHEAB; BB iggjciﬁl?gn rectifier
. r_e%I fier circuitry, polarization, incident radiation
cireizyapsed gipen appivation ga regtifierpifoult topudovgy based upon
tifgl88 td B kG STk Lons;. sol-vin network at RE
o.p 1 r equen;iﬁegél%&glﬁﬁ Sb@(%#ot?nr?gtt?%(ﬂo@f b%a&p%%lmlze rectifier
01rCL1@qr}gqioﬁma@me tinatdeaun cadidtP-goes W@@P%&ﬁ%ﬁh@y using full-wave
i mul aﬁl ons; sel ecﬁl ng_appropriate co it enna

elects ; | . ‘ | . |n_¢d an
Kerarede sulgtiongsoldpg Disratwetk # R Bapruspeicatsnde

comBIBANEN ¢ fHIRRANE BecBBEL SyloNte ristics: ..
sel ecti ng appropfiatgggg%géhggﬁ¥ﬁgﬁgé% gReutgigulations;

seleciiag @ppropgata spmbmed anenpagihgetifiartopslb ey rsélebtail Mpkdpriate

' RAVES er based. upon sinul.ation of package for RF

be ﬂ[c%o np_att{;@()?{;l t"‘iln.d ([pﬁff’%é‘]g_C?‘ﬁraﬁJi‘fB‘F%‘“ér SeefbBdaRRepriaty array

configofatioay @dseleotitd apasprifebidkakd R $nteSLA5LHR il)ower manager

b (&mut,er- readabl e nedi a, wherei n the 1 nstructions,

ase wpekiioe of pickase it eampatibilityr m st eps f or

o) iy A0y IS AR SO PO,
compuibsweradsiblermediaegicgein siod ineai@ions, Wiklhakkc@E8Eby a computer,
perform steps for designing a system for harvesting energy from power sources,
including instructions for: interacting with power source design software to select one
or more desired power sources for overall combined power source and power
manager efficiency; solving appropriate converter topology; selecting converter
components and operating conditions for maximum efficiency based upon selected
power source configuration and output characteristics over designated incident power

characteristics; and selecting appropriate control approach and settings for maximum
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or nore desired power sources for overall conbined
power source and power manager efficiency; solving
wa@pprogosat e converter topol ogy; sel ecting CONRET/USL006/041355
conmponents and operating conditions for nmaxi mum
efficiency based upon sel ected power source
configuration and output characteristics over
ovegidkiygteat efficiency oestoienwestemvhnacteikiigt i cs; and

| ' | at, trol h d tti
7 orlOLL B ibthe? BrbSdistiomoePrasi Bpy bransigioviens, Sipsecbon
con%?ér@@&cfable%ﬁ%cﬁé;w%&gﬁ fle tnBr@MRLE %he%@gglé&g l?]}tl 4 c8mputer,

sof tware product has instructiors, store
perfoampstepe forrdeaigatige. rosdir agurehéndiding hestiutisdris ot igBSctively
- n_executed by a conputer, performsteps for
mteoae?g??‘% Pﬁlﬁlgpoév b &/%‘?g%ﬁwngaﬁlgff VAP HRyS6lG5E PPHIREM QY eF spurce
confipin@tias fdr\o kil BHBIRAHORGr Yhirbe RRINSwARNA L.
software to select.opg?nuﬂ1pémer soa¥ce cg ??%%Fgfﬁ%%g=
OPLINEFING PAWAT FOUEeSrHbicCHE hnsekvpampplicatime sghenting appropg) etedn(t

neo GO BB s R B S D55
integiafioh egth mwtr epengdibag.dabon 3mi@kis bCiick RG0S FIR& o RGe

appr.opri ate package for integration wth power manager
Con’r?g@é@%ﬁpon si nul ati on of package for power source

co 19k 1| n i mept.. a_ s

col i) dhiabbiter CoBitibel s SR EOU B G RRn v SHRAFBE
electricghpeter feers it lsas osesowee. Qoo itiohimgélew@roal s ChiRisGie

.cQan t.s the variable ectrical power to storable
var SR ERE B Ry Ve bt Socfsd el Breves s paritie | oac
residthce Meadeto the@IasOBR KAHIL R sthasd AEAGESEY LSt iRL B

the storable DC electricity. e positive resistance

elecirisity. Eop pesithisrTagsteecedpad enafespoald to epfimtidnadresfstanbeof the
souréQH{,e%% rg}{%{)o@né@ﬁ)%%epfw&nput power |evels. [0019] In
er odi t, a

anot € n |ﬁtegrated converter collects

an@0iohdn bhatha engsddahé®, LAGnelgeféd EdiRbrtQMBECtE LM @ditions
N aﬁt ‘%ne .squrce. Conditioning electronics converts
Vamcbﬁ"e o PYHFE PRRvekitemyat icas) onseRisrcet Gondtitening elegnics
e ey I: nce |l oad to

o VP Leble IO RIcRL R Forfo BRI PRI S TH AR R0
positigpissistncalvdd swileehleagt dnesoureacy coftrdlfee caardd the aspolsy
and?lﬁc%i{ir og_iecs.nCA ]itthor a]?(ﬁ .devi 012 stores the storable DC

e ect s EPLYIOTREME SHETBYBE BRIy é §oap detise Yhss dre
stordly BCledthi€itys Whé ebH Rl ef 5@@%@9@%@1@% JnBRPLRYY of tiﬂﬁ gwitching

extract power fromthe recCtenha while storing
frequraey ead kol g pxrBRoEFETESTRI PR OFhileEofhGREGvested

energy.

BRIEF DESCRIPTION OF THE FIGURES

[0020] FIG. 1 shows one embodiment of a power harvesting system that
includes power sources and a controlled impedance, voltage or current power
controller.

[0021] FIG. 2 shows one exemplary periodic and uniform rectenna array.

[0022] FIG. 3 shows one exemplary aperiodic and non-uniform rectenna

array.
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[0020] FIG 1 shows one enbodi nent of a power
harvesting systemthat includes power sources and a

w@ o etosed | npedance, voltage or current powePCT/US2006/041355
controller. [0021] FIG 2 shows one exenplary periodic
and uniformrectenna array. [0022] FIG 3 shows one
exenpl ary aperiodic and non-uniformrectenna

arr g2BPPe j 8 r ;
oL o ] T e 18y B P g ety of
Dq-‘@dg@]com’@er% is a flowhart illustrating one

f er.ting variabl e power DC .
ol MRP AL MG PR i EORERER L s 2ty biasy foppeaveging
varlableapdvr @ Wt alettrichtl igb usdbleDConetREige ess for desi gni ng

a system for harvesting energy froma power source.
[ ooé’@?SkF@- orisiadloyvabpi Wiusteting ppaprpeess iferylesigaingraotysiom for

hari(/%:ﬁag%ﬁérgyiﬁ%é‘gg)ﬁgﬁs%ﬂ%: [0027] FIG 8 is a flowchart

trati ng an er exenpl ary process for designing a
r ecl0OR6IFIG. O0i2 8] fldwtdBart Alussrating divyrbedss fod desighingtd leGtenna.

one ry. process for designing a systemfor

har W@éﬁ%é‘%@ ﬁgﬂ?ﬂ@@ﬁﬂ inggpthea exemplgpopropgsgior, o
d S, RBRnAxeNpl ary bl ock di agram of one exenpl ary
eSggctenna and sensor system enbodi nent. [0030] FIG 11

s hol923InF ¥ x &rip lagtoyv chraid élfustraidn gon cagreutplarf peocessclbe desdgning a
031} _FlI 12 sho an_exenpl ary graph illustrating
Syssglnﬁof%?ré’ &%nﬁﬁ%’s%s%é’ogﬁ{ “Bower of the rectenna of
FI G0029] BEG. a 0f sHO&E o8& extimiaty DI ek BSdrah dTe8e cRRhI1aR
exenplary graph illustrating sinulated and neasur éd

rectgppand spBId ayeenrentitdinett enna of FIG 11 as a
fu n[‘bb?a@nl?ﬁ 19 %BWE g{l g)%éfﬁﬁl%%ﬁode[l 919&3 g}agrgl p‘%lr%gt\iélrgr?a\{\s a

bl ock di agram rati'ng-one exenp ? _
pr ol®03Hi Fig:. d2rshows afi exenaitrgi ghaphoillpbtisingrséniiared 3ind Béasured

. 33] FIG shows one exenpl ary graph
o s b TR dte SO D R M oo e, e an
P N e A B oL s R of
FIG. 11 @s & fiancting obouiput weistapemer and ef fici ency of the

fgg@g#&aﬁg Eg ); ov%/g’ a %ﬂ)%i( Igﬁc’atgrepnf? \ﬁ'ﬁ{strgt?r(l:g j)ﬁ/eegxe%lgrg Be power
processing circuit for obtaining plus and minus 15V power.

[0033] FIG. 14 shows one exemplary graph illustrating measured DC output
power of the circuit of FIG. 13 against polarization angle of radiation incident on the
rectenna array and one exemplary graph illustrating DC output power and efficiency
of the circuit of FIG. 13 against power received by the rectenna array

[0034] FIG. 15 shows one exemplary circuit for a boost converter in variable
frequency critical conduction mode (CRM).

[0035] FIG. 16 shows one exemplary circuit for a buck-boost converter in
fixed frequency discontinuous conduction mode (DCM).

[0036] FIG. 17 shows two exemplary waveforms illustrating operation of the
converter circuit of FIG. 15.

[0037] FIG. 18 shows one exemplary circuit for generating the gate driving
signals for the circuit of FIG. 15.
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[0034] FIG 15 shows one exenplary circuit for a boost

converter in variable frequency critical conduction
wo@e/0§sBRN) . [ 0035] FIG 16 shows one exenpl arRCTURIING/041355

for a buck-boost converter in fixed frequency

di scontinuous conduction node (DCM. [0036] FIG 17

shows two exenplary waveforns illustrating operation

of [0ABS]CIEIG 40 tshows twe ek dmpdryfelGatiochs thdt Q8B ofdrBionld the

exenplary circuit for generating the gate
m“ﬂ? ?%Hgngﬁgnals for the circuit of FIG 15. [0038] FI G

19 er atio
o &% ?“?.ﬁ;’ﬁ?ﬁﬁ%@‘&%ixeﬁ@“ﬁ 543} afﬁﬁéqu%%% pﬁf. Fighapectr
Op&Q @eyenmbgoumertge adapt abl e swit chi ng-ca

t opol ogy of one enbodi nent. DETAI LED DESCRI PTI ON OF

pover_nar vEEIEER SESRESB B e PR s *

'] d d | tage or
cur DB FLEEL hivsse Gbmesinot asaisr hagiosiat syntps L0 e
mclll@é@ poSvet bdudedsr il a\‘lﬁlaycoﬁﬂm ?‘%\é@{tﬂc@ gvcﬁ'ta%@ WPEG T ?X{V%r

106. Power ed device 106 i s, a sens
Conté‘?ﬂéﬁfdp“tl’r%é@r‘&ﬁéﬁngﬂwtmlo%mamuwely ehdx@ﬁ pOwyring a

t | t
poe R RRER 108 o B Gedilin o GinlEre Fulrandlr st
devide\Romesr s@tﬁﬁé 102 Hm\y&éplﬁwﬁt 618 dr@hord Q4 4 &cieﬁﬂléﬂ r%ﬂﬁ'ﬁd%ﬁ

shawn ner storage 108, energy coupl
cell earf@?@‘?w FF@%OI hey POE%Q@?C%HM%@@ 108 is for

ex be |nterna
£ o 1IE PR B teitfalicl 0 i IRARGNEAsnbil VB Fre S dos,
energy wewplingritl 0 ahtl enerk®4naniapdiiit 102, pmd‘rgWgofa@e M08 Refos 60R8ple

t 112 tructs energy
o ba G BF g LG LG G SHEB PG o Nt 4. v

t ﬁﬁllf W 2o tA81%r 3 0f QF RS y¢ ENer gy
exesto;ﬁ&g 10% Acéor |ﬁgoy,€%ner§y coup |nggﬁ?%
i ndd bEaenB@m@ag@nm hlagmtmots\ﬁaﬂ@rcompl&g it tocdoan@es

enerbf BecbGel BohfR, L3563 L QTR SRS Stors e,
storaphd 0B\ tcordbplypbicrge cOPNUEN 1 € fna%l@clﬁ@é’ a DERtEBeNo1t3ge

vol tage converter or a step down voltage
convgg:ﬁslelté&ggt chepgespihe HC Tedtageracaiyed Eiomeawarsowns 10Ryuch that
it is sbAEr @oRbiRbid¥y Qbrdl 1 bEBRIDEXRS Qf(f)lta%% &% 116
may represent a step-up voltage converter or a step down voltage converter. Or, DC-
to-DC voltage converter 116 may include a plurality of different types of DC-to-DC
voltage converters that are selectively chosen to convert DC electricity received from
power source 102 into a form suitable for storage by energy storage 102.

[0043] Energy coupling 110 is further shown with optional DC combining
circuit 114, which operates to combine DC inputs from power source 102 where
multiple power sources 102 provide power to controlled impedance power controller
104. DC combining circuit 114 may include one or more switches selected by energy
management 112 to configure connectivity of multiple power sources 102. For
example, where power source 102 is a rectenna array (e.g., rectenna array 200, FIG.

2) that has a plurality of antenna elements (e.g., antenna elements 202 ), depending on
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vol tage converters that are selectively chosen to

convert DC electricity received frompower source 102
WO n40/08806Dr m sui tabl e for storage by energy stPCEHYS2006/041355

102. [0043] Energy coupling 110 is further shown wth

optional DC conbining circuit 114, which operates to

conbi ne DC i nputs from power source 102 where nultiple
senfRAEREr S RHEGQD FEOR RIIPEvERE FRMEE ab&i kB dcRhhg Sneray

i npedance power controller 104. combining circuit
manapgmgaly! i2rmsasueintoh @ oeoupbing caiit theto efigatedtebya clements

. r mana nt 112 to configure.connectivi f

i R Y PR RE et Qs PR et e

freqi@bidieLantiGdlirFatlonLetiftidantRE Aivds@hnge, BREEEHARaSiRY 112
200, FIG 2) that has a plurality of antenna el enents

may gecgniiguse cpsatialepidhe sechappa prray) Epiarmp yryensnaselrargepting

efﬁ&'@ﬁéﬁ‘:t eristics of received power fromthe aperiodic
rect’enna, energy nmanagenent’ 112 may control DC
coufD4HEmrgycmiahageidbnt O1 Tmiaf hyurecehrtigfommatbefomt fowdied

series.and/ or rallel for optinmum operation. In .
devtfgrltﬂg Jif el 318 1faSFHON T FRadERRkts &5 Pawered device 106.

. 1 =7- i. 1 1
ThiPRifel#idh iR 8 dnBGlydfiHacBheta 830 8@?@%& ;«ﬁgfgﬁtg%%nergy

management 112 fay reéconfigure conne
coupkeg Eitha array to inprove energy harvesting

ef fi.cj , 044] Ener managenent. 112 e I

F O ke bR e S B R O rreviOZeS pevoftat By ghgpr
morkk&ctéint. Hméx%ﬁtcﬂﬁer?@%f sE 164 hBPEES Be BfedRRPRICEES the

device 106. This information is used. by energy

rectiifi §eEMt 112 to optimal ly configure energy coupling

i (1) gO()éi(ﬁ Q48 2 Isﬂo&zg' gn%%ég??gﬁrg?)eﬁéﬁwhg %{lifgme%teéﬁéiél\%g}é ’200,

IS represente nore rectennas.
illugtahieg npewgnars patch estanay cleheotsO2 wvaadroindet agkstofe 20%e Each

rect ennas own. [004 FI G .2 _shows one exenpl ary
antqhap Faiea: AT b De bhy rape 20wtena 2t r at i ng
IntePdoRBe P 0E pBREHE rANBA AR 2 F h6FRM0? st RJI’% ggargﬂ; AYNE&tion.

_ substrate 204. Each antenna el enent 202
Sizg asklayaue of e, antdnan elpment coimgtisity ef ¢ash mectif®8 thereto and

l.ntenconnect.ivity of periodic rectenna array 200 i.s
subgtf ELROMRE R dddenfihe BRI Qb Bl BN b Bt aR P et
freqoén@ardveandceivea belredreriia ar@@oect i vity of each

rectifier thereto and substrate characteristics

detlB047 e ey be Regned arigfealionertpwHtamtaziesion vothout
B BRI L, Nl AP 2D,
paradlebogresiewvotactifiers 206, also without departing from the scope hereof.

[0048] FIG. 3 shows one exemplary aperiodic and non-uniform rectenna array

300 with five patch antenna elements 302 of a first size formed on a substrate 304,
each antenna element 302 having a rectifier 306 to form a rectenna 312. Aperiodic
rectenna array 300 also has a patch antenna element 308 of a second size formed on
substrate 304; antenna element 308 has a rectifier 310 thus forming a rectenna 314.
Rectenna 312 is designed for receiving radio frequency waves of a first frequency
range, and rectenna 314 is designed for receiving radio frequency waves of a second
frequency range. Thus, the aperiodic and non-uniform rectenna array 300 may receive

radio frequency waves within both the first frequency range and the second frequency
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departing fromthe scope hereof. Moreover, additiona
rectifiers may connect in parallel or series to

wo e@rioisosr s 206, al so without departing from t PET/ESPE041355
hereof. [0048] FIG 3 shows one exenplary aperiodic
and non-uniformrectenna array 300 with five patch
antenna el enents 302 of a first size fornmed on a
angélbstrate 304, each antenna el ement 302 having a.
rectifier 306 to forma rectenna 312. Aperiodic
recH@ﬂﬂbAddﬁwyﬂgm@ﬁﬁﬂgﬁrﬁé@H@Spmw&hladuéthMmhanemﬁoo

d size for n_substrat
Slzg ﬁ%ﬁglft F@%B@% %g gac% an?eg{l? F:{Tgnreng fem%eﬁﬁgl’q 8],,g cﬁ éécé%ner ﬁlere%o
detérﬁﬁﬁ@fhﬂ&reﬂﬁ@cy%@ée&iﬂﬂ@o&lﬁaﬁ@ sealidRAgubRy wHk8rddeR@d by
g$o frequency waves of a first frequency range, and

aPeFl@ é‘t‘?ﬁ?imgfﬂ?ﬂn“f%"t‘a’é@lagﬁﬁé $-or receiving radio frequency -

wav f

oSO ARMTERIRI AT STHEN 1 0% Mty U BRSPS
witliinggriedicyeatenna sirnay 200 and Odirhlet:ﬂil\etyf (bﬂrsctteﬂﬁﬂae GU2asY 314aRidin

and the second_frequencyr 049] Additional  or
spofpiipeapie Bey SN Z0T AT Sreread o eY i et b
eaciSkekfennh @Mﬁ%‘ hndiid ¥R Rfwes 36 u@@f Bl ?&:téﬂéﬁ %@%‘I For exgmple

connectivity of each rectifi thereto determne t
rectﬁm@q@@ﬁ@awlm@@n@m@d incleried Qlatatr:dhal of radio frequency

0 oS L R BA R P QLR BT e

uponcfmqaeﬁdywaﬁge Al poset BIVERFeckdbd\MstaNonnPefth@dbE efiefchenna

array 200 and connectivity of rectennas 312 and 314
OPGW“PHPW}%?@%FQC&‘@P% aEgs enna array 300 may be based upon

I h m [ray

and N Ly R R R R BBl
arrafp magnbermpbdto aectseRAaser2P SFarexaiplec ompeich@d tivo pegodies

or paralle Q05 Sel ect on of suitable rectifier

rectEybtt SHPBRE MTCaY SR QUPMEREESl Suahs recetving RF
waviek 8£lHEREMNt ‘ﬁ%@%c?@ﬁgﬁ?&‘&f/oﬂ FHEEA1b %‘1 cdnthiflSRr
i nportant for efficient operation o ese rectenna
con@\tﬁlpaylg by|@osolledvmipeigice (pePConpw pa:rarraqwb bastercgontroil éror0d
;i__nonunlform rectenna arrays may be used to harvest
energy. For exanple, output fromtwo periodic

r eqt)esﬁ]aA aédtéima arre (g npatiodee ficfches andy 200z 894G al)trﬁé?;nﬁso
el e e., each receiving RF waves of different

be IF ﬁ-‘é urige qegraton For exanple) 1f sperangianpgemané 1 £ dﬁﬁm@l@es
r ;

QA0S 0 6901 L IREAOA e LAY

couphng 110 to modify connectivity of rectenna array 200 (e.g., using DC combining

circuit 114) to increase output voltage. DC combining circuit 114 for example
contains switching components (e.g., MOSFETs, BIT, IGBT, relays, etc.) that allow
dynamic configuration of connectivity to power source 102.

[0054] If energy management 112 determines that output power of the
rectenna array is high, energy management 112 may instruct energy coupling 110 to
reconfigure antenna elements of rectenna array 200 into parallel and/or serial
connectivity combinations, thereby reducing changing output voltage and current.

[0055] Connectivity of one or more rectenna arrays is for eXample based upon

one or more of output voltages, open circuit voltage, short circuit current, output -



10

15

20

25

30

[0053] A rectenna array (e.g., periodic rectenna array
200, FIG 2) may al so be reconfigured during

woperatsosn. For exanple, if energy managenment BARUS2006/041355
determ nes that output of rectenna array 200 is | ow,
energy managenent 112 instructs energy coupling 110 to
nodi fy connectivity of rectenna array 200 (e.g., using

curkeRt mtﬁa%v@ér bE&hd orldrs ahfélm@ ElBRAR. @%@%ﬁ&kﬁﬁge

DC conbining circuit 114 for exanple contains
elemwts pmdmglncganpdérremn’snts mag' be duSFEsin sBddl, whesds groups of

) ity AR S ORLATM A Bpering

parsfBElegITRRd pé‘\ﬂﬁé’r dABt6l1dr108 sndyhiddo Ma@éﬁ uﬁﬁi"ﬁ{e d}fmér@ 8f output
rectenna array is high, energy nmanagenent may

voliages, pnen clesil (ytago ghort Aigeuitomicst, w@tmlﬁﬁulgw @ncé atighieower
ofo?ﬂe%ﬁnafb&éa&fenﬁeasﬁ S | Dol Pl SuppLal T el andl or
seri a ne o ther

conneéec IVI conbi na Sby reduci ng

chajieg56lgConti¢ilid 1m@leda’mgep@w& iRt 104 H8pBkIude one or more
Connect | vity of one or fore rectenna arrays is for
Sen%%(%’ffﬁﬂé %ag%tqyﬁgﬁ YA 8109t POWEHUt vol t ages,

oPEROSYI P fecteRhd é’xgaf}ﬁt rlglgfﬂé g%sg@eﬁ#%h fYf RE :%tgwer from two or

outputcurrent and one or re antenna
momlmaslen@nmmscmhbmndbeﬁom rebtfietios. produci ng sim | ar

el AT s R L R S
pre&ﬁﬂﬂg aéeekdiim FQ@Jn@é tPdne RSB HbREr RAKARRE.E! PoRbr dolife 102,

ower controller 104 naY al so be based upon one or
r eerpdiqigeisuna sty 29eE1G chend eperingdic rea@hnzageay Ig}ﬁbFiG 3).

Pno‘}'aﬁcﬂbtm% SMertel%l{%e) Pél%?é%{ lgmén&?%gers?eu} %) F]tév 8% ngg as input

or nore antenna
pom deae&es [1085tehceGredent i€ thel inPaGRIRRE sREVETs réQitbd,Chéreby

| ud f
furtfgh 1P RBE Fif TR a0 Catoled STbI e PSR TP BaE o e
othér%h@ r}ﬁanaﬁﬂs%mﬂce% AeRE e iHHG o n}éi&@%aﬁg bg&%au;t rom

fWo OF MDre antenna el ements are conbine
constenitle¥dl caten @m inpfud p&83r 16veBsvarg SThel@nanotled Bnpezﬂeﬁ@ermbmailso

be A e L TR Bt 0 B Sl S S0 gl o
imp8@4Hice, Qnﬂ@tzvoltﬁg&m ihputR@FreCinGrd &b %ﬁﬁ%v@ EHeaéhe?é}Qlar\l,:éSgﬁqg

2, aperiodic rectenna array 300, FIG 3). Prior
efﬁ@?mcm@t%amlwlﬁmga PYsHi eentiesigtanemloadrhere tavistrise
presreﬁt%kﬁé 'theesolupc%qh& 9%869 gs IHWO“%Q%E{IGQS%Q reases,

resi stance presen t'o e I hput power source is

r edoesg], Sdlditﬁxbﬁ b)Y ciretifrn€or Jood congrdliee 104 Befend O GR- desired
Control.l ed | nce ?mer controller 104, on the
applieation- WAwee high eHickngy of ersray h#vestingds esqpisad.agditioaal

01rchﬁ@qha}$9é'frﬁﬁ1d§3 1S O AU RELY of the input power, whereas if the
power source provides ample power, high efficiency may not be necessary, allowing
simplified circuitry to be used.

[0060] Alternative power sources may be combined for use with an RF power
source 102. For example, an RF wave rectenna array, a mechanical generator and a
photovoltaic cell may be used as input to combining circuit 114 and power controller
104. Power controller 104 may then dynamically configure these inputs depending on

sensed input characteristics and/or desired output requirements in order to improve
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constant |evel, even as input power |evels vary. The
control |l ed i npedance may al so be vari ed based on
wa@emgmaBosondi ti ons of the power source to enul BEEUS2006/041355
desired inpedance, input voltage or input current in
order to inprove the energy harvesting efficiency, for
exanpl e by enmulating a positive resistance | oad where
enck S5hHV@NEE eFHEERN! Batifoul ' ﬁﬁbcee& |
S%aer dec?ease%?@[oggg u§2$2§§?§§%§$§2§ cuitpsﬁ?%gﬁ%hdla
wapaiserrrevee pigsingrio eadh dlegsethasby indrérsingasierabenergy harvesting

' I O hj gh I ciency.,o er
orRRLL T LA W eS8 AR heBRFEY enrgve
manapeheted 2to isdiose its awaciedd. TS BindgbfehNPILm APWRF |

ereas if the power source provides anple power, high
CONLEPTCAOFE JIPA GOMEN Y parcadasidp provife hginegessiypiomfer.ed
cir r . sgurce
oy RS o GROSRl AL UL SR IR G5 o
to ofg o1 Eoampdesr sanrdeH ORavputsda bedun o Alctaaye the oveeliankgs

har G ASRH ARGl R0 o1 U T S BHARE K HhecC patput of
rectB@yEfor &Rk Ed bREing OdsiTRYe ﬁ1hﬁfﬂ)r(5j&)éﬁ%1‘l;g?1 Hgﬁv&ﬁ LU Sey.

t hese |n§§és,depending on sensed inp aracteristics
and0802]dWieredap@uopiet consiéfinns emen DC-trDET chewvetter [il6pnayiss
St | efficiency..ln rticular, ener

sclegBA T  ARHEY SRy R e BB ouEt v Shfte Fio. 4
shotvk asé exgeriyslagasbreytdoapling amrtﬁ@txn&m_@éseﬁghwtpwbéttb-nc

ener g% harvesting efficiency. Optionally, powered
conyerifrt 204 o5l Fegptanal i deombimeikcuitst 0n BICgsombinageirewit 406

i o S. nt 112
T e pitd Sr LT, PEEHS Erehy oy RO AL Lontio
energy cprplingikl &, FéG nk des seamyplpaseh of DOBHBIDCRowREters 404 may
transfer energy fraom ener

rep G o 040 B i Rop Choviete SoTieCam SOBSRERS | n

con®irtera Bodst B8RS oTRIng Ve b dal 8O RYioh R MRSE ?ﬁ@: cogvet:r(t)er

efficiency. For exanpl e, energy can be transferre

- confrpliedric regilga inmtt currens ot voltrgefaon fimionwd thadicmsspapding input

' LNy LnpEoved ener harvestin ficiency ]
voltgE bt o R B BB R DT esshitados are
selectabledateeirupbhnpEpober seletdrRtcd iMha tyldtfatdrhde ®fvice used

converters_to match the i nput power characteristics.

for gacEgy siorape HaS- SHEBYAINSICE FRAresi@igips coansei ongresomandgsment
R e B, s TR B Combimimg

ci 186y Wbh&enmeput pepresaritiobCvayiangymanagaintnt 1 1 day
e B PR 50, BB LRSS SO e
input aRy&Iahed Sf A ofRYter to the desired load of the power source 102. For
example, based upon one or more of: sensed open circuit voltage of power source
102, short circuit current of power source 102, operating voltage and current of power
source 102, and output power of power source 102, characteristics of DC to DC
converter 116 may be adjusted to emulate an appropriate resistance.

[0064] FIG. 5 is a flowchart illustrating one process 500 for converting

variable power DC electricity into usable DC electricity, in accord with an

embodiment. Process 500 is for example performed by controller 104, FIG. 1. In step

11
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represent one of: a four-swtch buck-boost converter,
a two-switch buck-boost converter, a boost converter
wop@raisosy in critical -conduction node, a buckPCT/US2006/041355
converter controlled to regul ate i nput current or
vol tage as a function of the correspondi ng input
vol tage or current, and a switched capacitor
502(; orogesst 0. sedEs t:barﬁ)ﬁensirw ef thenaridbléd 16 @oset D@L@éﬂtﬁcﬂy anfd

[ r .characteristicS and the typé o
the%f‘ ﬁ?cgsgég &P Q‘g é&\gﬁ%ﬁ: capETigymetvlea5d opersting\haragteristics
bas@® 166 8¢; t

e o g e er R L M TP PARE R ik e
elec{t@gggs]ult'gwé fer st(mggg Ip @t@rSOﬁmiebthcw)nsnwareyfor S0z Ys stored.

th ti
For FR RN TR0 e i T P i Ensibitriaee 198, HIG: raTastored
enerpylib dlerdondifitited iAReH8 NSO BB %Y %ﬁérﬁ le! tﬂe teﬂﬁ & from

desired | oad of the power source
eneggyskye LPdI waditionedrerdpiovided eﬁ@é‘delgcpiamtsctorpnwefred/dﬂvﬁ@gl@6

f t
o PO 45V AEEnaP EnarP Ul et Al hsley

systswfockart&fing anekgy ditopuh p@WEﬁfouﬁfe ROWES 660 g)f&%ssl% interacts
characteristics of DCto DC converter 11

WAL Sater Beslapoltwars o et éyﬁ’P\Wﬁt @m@escr@tfmra@on{lmstﬁp]
604 Fhrbeesd 606 s@vdd a¥e b?}ﬁ{)%%é\tg lr {0?19 DSJZ“%C&%S Bgoggsiseé%o

converting varia
selegieths] Cé)@wrtqgppmpomn@@mbm@rwﬁﬁghoamneﬂbdd ISR B0, FHEEE 660

. f troll 104, H G

selegthe oot Bhiaf MM BrliEticd oa0 seitbes "char act er st o5 of

th¢0066i IFIIBJ Pil d)ﬁ\b\ﬁ@h/éﬁltr 111%&@1'11@%55 bfdcbds ANYot B&Mening a
ects, in ste 04, a DC-to-DC converter Q%ﬂeg

1ect%1'51é,rl§tsfqﬁ>g7 Oghgrrog@‘lsg,()p§phegt§ thrad edentpine dfitiee lsaete:ﬁﬂajbased upon
avathBﬁret?@a{ i Rdnt Pa%fatfo@ P%g{é¥ Rl L1st hgg\é%r%#lgg lfrgil\gqngé gangg.Jn step

electric into y Sui
704,Srlr @q@sﬁ'ﬂﬁ) seldcecdlementtpol Sirati@bbaed @goﬁ?ﬂféﬂﬁg&l\h&nﬁfeﬁf &d.
oper atni%gés t he eli tr|C|ty may be stored in energy
P %ftl(%ﬂ' Z‘b% PEpgsss 1U0 seheetssiesicapr Baterigl/based vpempropagation
medR@neid fQpRfcy Ahge.t ' Pe 2593

RS e A 1S oS00 LR R B R e
rectegpe ¢irepensad um@ Eﬂlqerred owpuypavmrmm achilble Ifb@vei Ofrage,

[ a..fl.owchar trati n one. process
opertdiFY sl g e akcey Drislegy andmme

appraprame/mnstemeamsel n step 602, process 600 i nteracts
n software to sel ect a power

&B OWer source de3|ﬁ1

sotfved ESh S 1§ arflerycbact ilystretingaoer eprmpkss pHoessSoD ves
r 0 In t

desigoifs PREIARS1R SfRpSP2 Mok EL S0 Biksdes i Ristest drien

softm@’roantel@twdly@lelebm;mmdrﬁ r&ht@ma GOBE gtﬁﬁ@@rﬁﬁﬁ o@ggll $6hBikd

r| ate control. approach and settings.
rectenna an%pl% management efﬁc1enc§)1p In step 804, process 80(? optimizes the

selected rectenna circuitry based upon application. In step 806, process 800 solves
rectifier circuit topology based upon optimized rectifier circuitry. In step 808, process
800 solves antenna topology based upon optimized rectifier circuitry, polarization,
incident radiation powef level and frequency using full-wave electromagnetic
simulations. In step 810, process 800 solves the DC network at RF frequencies using a

combination of full-wave electromagnetic and hi gh-frequency circuit simulations. In
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[0066] FIG 7 is a flowhart illustrating one process
700 for designing a rectenna. In step 702, process 700

W@ 000151 he el enent size of the rectenna baseRPCT/pPSI006/041355
avai |l abl e area, incident radiation power |evels and
operating frequency range. In step 704, process 700
sel ects el enent polarization based upon the RF

stel® BY2, FpBsuEBy 8 000de] R R&J0aHbI - ankdhng bBP retlGer 11%{391%2? Sin 689 814,
sel ects rectenna material based upon propagation

progesyiSQthselaels Aprsepiéaie jectenng array ponfigupativdsn semsis $)rd1©@s 800

or t he rectenna
R kel L R b S
mnsﬂﬂmmgﬁpa@@g@ﬂﬁm&mwnqﬁwangycles and avai |l abl e space.
710, praocess 700 sel ects a radonme appropriate
f or fqﬂﬁgleﬁ%é ihado 5%71 ushRERE 81 Boeess PONERARsighing a
8

sysig REMALIDR A0y ?ﬁ%’%ﬂé’e B2 d8ekfr0gdugracts
with pweer smnagbsngn sofiesiego ssleéttoma toe niode desired @Gtvbﬂﬁiu)fces for

°W3%L% ilnun1recte a confh%%rqg;on for overal
R BTRBE RO B U CR AR PO PARSL EEEIEC R Fiep SRgyprosass
900sdofN@s 3FPropRite C6Swer@PRpe Rk MZ8s Mbe ﬁ)%leé%‘lj()g%gfe@ﬁtc%ﬂ{;@ter

circuitry based upon appllcatlon process
congryests e eparatg gonditions ifqmmmm@pmfﬁgxpn%alwdd upomnselected

Ier L.n step, 808 roc
pov@%%bﬁ%?ves gg&e{t é)%l ﬁlgld too{daul% %%1}, él&s 8\6%%6%1&?19{? ne en? power
charaetdrisficsein step 908 tp[*c}c/esmoaiele?;md @fﬁrprdpﬁﬁte%mrof APrédch@Bd

r level and frequency using full-wave
Seﬁgﬁg\éﬁ% TRHEGHE veral systeat sldisieney Qe i eIcystemoderstegiscs.
sol [v86o]t 116, WSW%"?B%C&HI&?F&JI 5?8&%&&@&%0@%@ and sensor
co |nat|on of full-wave €l ectronagneti ¢’ an
systieingH00r opaetnayarcystem 1060 mslaatitoms: difasti@P2 8D, popredCcess

800 s ts combi ne nt.en nd. rectifier topol
profioigE S04 8nsBp i ElecBBtEt LU Pommmbionasouh Saiichive
piedelediticteffor @HER1 0 W In bk SiaH18 k0stei 1006 *‘f’ssus%g Q, s&lsect s

an approprlate packagn“for i'ntegrati on wth power

strugiisd dehresdlien fafpays ve a@@nmaftoRecnm@g@yﬂ@az RFormed on a

ﬂex?tﬁ?’&?[{s';rgﬂte tﬂrﬂg&)ﬁl ﬁ’g D ?’gléoe S% 925?)6 II}O%‘F raaee%"}rﬁ%?ﬁ@’ greggflt em
fo r[omm]\msa u h ghmrg@xeﬁfm REERT 1 Wn@%slayddﬂ 135@Bf APADS
power source esli

C teracts with
rectBigiy U MOGeISAPBES Shote itk b pwctrt 1B ds diosiod [&b ndebictor
1 108 Oa[ cpMEIRIT 0§ 2L R/ RAWRH. SQULGH %Bﬂ &?}Vﬁ%O MPO3SG rcial
ficiency. In step 904, process 9 g
lumaptbﬁlgmpntaiapacn‘ron V&5 eprasepoigogyaciton 150%md®0Emalp0.0dess

t t d t
e T T ST B e GAH 1OP GHay DS ET U BHPeREIcedoetn
out RO FBEr SRYEERACIANT | Ol éﬁ O gaRd rQidnRy l@pﬁrrﬁ‘@atsﬁrell SboSSa

over designated inci power
variable resistor and the DC power is calculated as VY/R.

[0071] FIG. 12 shows an exemplary graph 1200 illustrating simulated and
measured output power of rectenna 1101 as a function of output resistance, and an
exemplary graph 1250 illustrating simulated and measured output voltage of rectenna
1101 as a function of output resistance.

[0072] FIG. 13 shows a block diagram illustrating one exemplary DC power

processing circuit 1300 for obtaining plus and minus 15V power. Circuit 1300 is

13
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characteristics. In step 908, process 90.0 selects an

appropriate control approach and settings for nmaxi mum
wor@rakdossyst em ef fici ency over given system PCT/US2006/041355

characteristics. [0069] FIG 10 shows a bl ock diagram

of one exenplary rectenna and sensor system 1000. In

particul ar, system 1000 has a rectenna array 1002, DC

povpmed folpsaapss bngn 188 of &eRAAL 1 GVEFIGE] Babf Mkwgs 1006,
Lon _processing 1008 and a pi ezoel ectric sensor

i nf t
Ia:]r@;(ﬁ%di}@ 1¢ sheyweons@epniary gyaphel0f dibetiaingmeasuret DC

ey’ I 020001501 _
B RR T b U200 2B PRI il Bt e g

the saghsine atrey tirhénenaxypmipbarg graphrlnsd iletatinpDEr afsut Guivéartf
1 shows an exenpl ary node

an aircraft. 070] . FI G
effiqgigRy %Ff?dfcﬁlt L éélg%ﬁal%i%e’é/ﬁ& RAVALRY thece@eina atreyl. Model
110801 . A .
ndyer 2 TRER MR R isgh0 Espoolls 808 Sy
variplale frequendyreritiagleanductiog maled GRMY. @I 14 shopadneleesmplary

. i representing capacitor 1108 and a snal |l
ciref G360 e thr o b Rp R i e PR B B 5 coRtinis condpion
moder@GME Nee 8asarboth BRAFRNGE0 had 1800, A4kBYwilh l(i)rglﬁfen%taﬁon

. regéenna 1101. Qutput voltage of rectenna 11 'S
1 PRRsiple fusiiodbe Beating iyputipaRiersquses. Jihe comverter bieculls 156600

j : I 2 shows. an
s 3 68 4B T P2 TR g i
modesh sawe ot fevtls powhowafin mactfennal 1000hdas 5e of BNGL 170N

f t I St d I h 1250
1 BT e G B e ok 90 RSB totspdL i ged der

tead L 6la AbQ ' 65 '
cotsstarng g Los 1012 ST R,

trangstenfl & fpred opane Q2ps breskiffi gucng tyiand 11880hd mtuctor current
kNI s and.,m nus V power..Circuit 1300

remfE BRSPS SRS B2, ARy AR Flsioh Golerupdomaend o

is tufle@.onltd maetthssew: to[tROT0AH. ThiGsedhhd $RANBPREsEXERLAr Y

: raph 1400 illustrating measured DC output power of
md“%f"l‘ curent faony tﬁéﬁpng\ﬂle}é%ﬁ& Pretasitemfiesh tyesitom is mepedtsdt The

~ converid} 8t éift‘ﬁitqg@{) Rits ih Iﬂﬁs ﬁl%g%:%%a%eu a{ngé/u\xg ?}gcé(?i g(? 8? %( FOC | ary

graph 1450 illustrating 0 ency
freqedncyipedod, (Ti:1 80K T8 glad cvsiverteciainseds fovedrtshyp ddam 4t G Bgna

. . [0074] FEIG, .15 sh I [ t 1500
s on o e ST FBP T Vs A PedUE Fmascal
ChaS@Ag tetdnlatb® R uf BMancdtoGnattB M?ﬁcﬁéﬁﬁgﬂla ry

circuit 1600 for a buck-boost converter I Xe
maxjrpigeq aeesy eireesngi nuous conducti on node (DCM . Note

it E_g?Og'gEn?glﬁxnggﬁﬁ ?%(}, %heli?llglgt \%Tt%gé[ gcg)ugée 3 sﬂc\)l\v&\?r_l %N{ftg,ca?ld the
output energy is stored in an energy storage element such as a capacitor or micro-
battery. The voltage, Vs, is a sense point used by a comparator to find a zero
crossing of the inductor current. Optionally, the open circuit voltage, Vo, or a short
circuit current, Iy, may be used by additional control circuitry to find the operating
input power level and set k. The gate driving signals, gate, and gate,, are essentially
the same signal when the converter is operating in critical conduction mode.
However, both drive their respective MOSFETs off after kTg; thus gate, is a low
voltage signal and gate, is a high voltage signal. C; and C, are input and output filter
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is possible due to the floating input power source.

The converter circuits 1500, 1600 may be operated
wa@omriossesusl y at hi gher input power |evels, orPOpPESENEC1355

in a pul sed node at | ower power |evels, as shown in

wavefornms 1700 and 1750 of FIG 17. [0075] In

particul ar, waveform 1700 of FIG 17 shows inductor

capegitore Iﬂlode@ maytheagyd wiprtdanRaheth@By Sbrak reférﬁént RQO,
In a first transition of crrcuit

enaﬁﬂ%??’%‘t“@r from zerg elfl@ﬁgﬁe@h%‘??nﬁﬁbcwlﬁrs fqujhlﬁ édosjfcbn‘cbmer ng
genéx%e% th@é‘ﬁe H{lﬁ 0 fgts{g%afs n&x‘% er tlﬁ)r (!rg sn}jgn]% nﬁtl Cﬂ‘ﬂﬁe Ly O%Pgrz gurrgent

over
andtthﬁ pa;elmofefs tarit: @nid&k. ThisheforeRamplerii@ved @itk ﬂ%@één‘lp@ary

th d. Thi dt t | ast til th
circ ’ﬁjﬁh@?}? I@ﬁf?gggps trgnilerloonV%Zlf] fhlug Ioccurg t he
firo71r anght 'VQfﬂageSV EPE@B% &s?a%@é?{hte% 31?(76 ?ﬂp&l%ynléé a

1500 runs in this node for a erta
comparageg Wl.tl@tj@éwggtlmnpujdged To grofnd KV f is 4 ﬁ@aﬁ@a’lvcﬂfatge Enost of

L T TN PO R TN

sho&mtmﬁ,ewiﬂi wadtangethis GHRE & EsddNBroRBH b esk- Fﬁ@é&nd then to
Lstance to match the optinmumrectenna [oad

lecwai??ﬁ Feslored gptenat second rput {rm@ %] gatep QR-geteiit a HFAA, from

alo%%pblt noes}régﬂ)?&?gﬁa é? é%%l%ls an eﬁgrgﬁ 33%?%?38”&% pand

Q2 ageich afist thatpgiac Thetovofreqient bedill &6y opeldtth g\l hEREHE ’T]f, also

|sas nse [ used by a conparator to find a
pm"é‘iﬁs&ﬁ%f‘%%%?l & P?‘E% qqﬁ%&?@m%&rra@ﬁtone@mtu cemmtnywhqrm;e

RPRAisGot &b t I
oot el S 80 S TN

OnaﬁPlfY%ﬁf@ﬂqe operating i nput power |evel and set k. The

t tiall
LB A o210 i RN 1380 2 8. s ehamripmrer
operaires t:omaiuoaﬂgz,dthe Em@fhtdméﬁstaﬁ@@é{ %rtéd 1?91515} e rdb}:f&ldts&edrf ton

e&ﬁq ve MOSFETs off after IT-; thus gaten I1s a

SmC‘FE L dibisy@rhfigsiae camep! @H@@Hylsmca Ohl}gﬂhe vobteagrsingidgteating
r tercan acitors

com Iﬁﬂr'(‘)rg ;@b’g@:uoglg ?ﬂégr% rﬁ%‘ahglfigvgy% héheg .l 1317 (}r)acg)éltmuous?y

evengit éowe mput bbwer. énp]bhlen‘@tlsm af ﬂtem@wfﬂ‘eqm@fdat)eébﬁ‘le%/onugh e
rol circ thi s boost converter generates

mertfRaa8 o5k o0 inghep Givdp Be Do A ersodeneagoemg e
1nput31§bvl‘ﬂér l@xfel tl‘h‘&e 'tlﬂaﬁe‘ 56 KOpovies rtfa@ﬁhﬁ%pﬁpt)ﬂ tPi%rtggr%r?{ﬁ tsehmlg)ln

. his i's for exa e acnl eve
the 0@% ﬁwm yoltalgp,c\adc,t OfIB@@lpstmm Wil tBe cdiBrertePR 46} inThe

L TN TN N
Valuetsqn@r’txeundd to\éﬁij)ﬂs% kio$ t,Q ah® gk |cHﬁ1g\éQiemu a0etdMSthe %{)tlmum
impedance load. If operation at lower power levels is desired, these additional control
blocks may be implemented.

[0079] Prior art power converters for very low power levels have low
efficiency due to parasitic leakage currents and parasitic capacitance to the substrate.
These limitations are removed by developing a set of integrated converters for high
efficiency energy harvesting using an RF process. This process 1s based on fully-

depleted silicon-on-insulator (FD-SOI) with a thick upper metal layer for inductors
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the tinme. Detection of a zero-crossing by the
conparator triggers a pulse, froma oneshot circuit,
wowdao/owgodt h ton- This pul se i s passed through P@DUS2006/041355
OR-gates and then to circuit 1500 as gate n and gat p
A second input into the gate p OR-gate is a signal
froma |l ow frequency oscillator that is logic high
andad High résiktivity Bulsst@RS The pritndAt advahido&dlin @R pf¥eedy Br Bbiver
after that point. The [ow frequencCy osci Ipl at or
proggseing erevgdegedmarasifir cappditanedss whishaws deto 1M9 tiegsdower than

. ' . th arat or ..and. one: shaot .
i S0l VRS bk S, SR 3l AR SR iy
operatidncednabnerydbwpowes ldvessina figqhencRRWe hidhhemhuRaeks of 1B

aftervvaids. [0078] As can b e seen from equation 1950,
(alleyriag singll opnoRgntsizss) AddRireratet o canyastes Eamavihsus| v,

oSBT £ 0ANGE TR RIGIS O0) gy hve
higle ggkie@by el varuilaw powenkeeclopinye poresitie capacitagsiingnall.
det ' rator and the one-shqt are used, .
Wb Fic AUBRGF; Bt Semplely SR shRe S GISgY 2000 Pnaship
buffe%hﬁ‘@%‘f)roﬂfﬁ’éﬁrfor 4Rl o Wk?l@é"(sqfsﬁ)%d:ceﬂ%@ﬁﬂﬂ EoM I $dgic

duty c e control nethod all ows sore o e clrcuitty

(e'gt:@obﬁ@}/% 3le)enanbe usad tp idatesming dleswitehingernfigeratinput

TorRRS12008 KeheradO bt (b B8 T sl AR, Do gl °
voltage ¢\h,tg_tb ﬁmﬁ_ll_lﬁptﬁumd:tegél\mm fdieatmrfyclﬁﬁ bBé tﬂiﬁl t6 Ql?lﬁé.rlf‘hﬁ t
0 ratil qQn, . ese co onents nmay al SO sa e e snor
ex“‘&%j senrolchin Ufgptively st llge@emy&am%t@ﬁolpéy to
conBlidshy Rkt Iﬁ%ﬁﬁlﬁ?%%\géfsflr@bgﬁ&%eﬁé&gnﬁ Se?]o e g’tgnhggle

opti mim i npedance operation a wer power

harvested legerigy taithsiquépht copreiter @lidicdt). Anahe euiptir@badiop ekisageny

builgs elrgolg nt ed. 0%9‘1%15” qr art 1Flo.wer. converters for
vé‘rﬁf/ ?&x‘g%vesfluw IO LY BRI O P RIPER OPiipel lpggling of the

rectp@iaast high dffiateagg currents and parasitic capacitance
to the substrate. These limtations are renoved by

de B0 Ghgngessmey be made agtharbelvecnetheds ardssyiems witiout

£l G r i i sin rocess. .Thjs
i das St B TR e T
the {tfeDe B&ciptibh br shdvhi mkhe ppempagyial dtayass {0l be interpreted
nductorsand . a high resistivity substrate. The primary

. h
as il Vﬁ%‘feaad]éléloit hn ] Hpgtuizﬁ B sThegho lﬁyy\i,@cl@imcaég Hiteiged tecover
all deREMCARM PaLiASIfLdiGret BRRALLARGER: %%A@%ﬁg I@tﬁflégighg oF B0

times lower than in a traditron
scopgrad tlessresedtotethashandasysteing wbichf @cd iiattat off 1imgyhge, might be said

f%i ci.epcy operation, even at very |ow power |evels
tOfazlnt efFrbSQYf}e/eHci es as high as hundreds of kHz (allowi ng
smal | conponent sizes). An integrated power converter

| C may be
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constructed with single and two-stage sw tched
capacitor (SC) circuits, which have high efficiency at

W@ 200y/0k8B2 power | evel s since parasitic capaci t BO/ES1086/041355
small. [0080] FIG 20 shows one exenplary two-stage SC
t opol ogy 2000. On-chip buffers maybe provided for each
of the switches (S1-S11) and external control |ogic
(e.g., controller 2002) opxi\ag used to deternine the
switching configuration. Topol ogy 2000 generates ei ght

dis{inct power  conversion ratios fromthe input

vol t-age {4y freguensy (B preeptias dexiss, ¢ompiising:or rati os

fro j: ; - C I i

o EPAIG r AR o St B R RIS gl

t opol ogyelememsyrenidnuousl y extract naxi mum power from

attgched.rectennas while storing the_harvested energy

to %ﬁ%ﬂ%ﬂﬁf “CEOJﬁg%i HTBYIS%SCPB%? ¥ty of the apicang glepignts;

C ap@Edrbiarseleetiv @8t i iodi

t hr ough topolpgieéﬁﬁglgg?ﬁggﬁ%&%% ?ﬁ% 9P2§%%ﬁ§9§§m¥%%or

r ect ennadpgriadigiagienad pirey isrictermfie0 ®yJsizEhad demuirafedoh of the

made in ve nethods and.systens W t hout

depart | n%llg?%rng %Petnﬁeéltss i}bep%mﬂ%eihg 5y andcouplmg 1§ qug.pg mpwe

not ed t hattifidte matter contained in the above

description or shown in the acconpanyi ng draw ngs

shoyl d imterpreted as illustrative gnd.not jn. a

i g suSk BRI B RR t ol S e BrRtisnadi o
apefiodie ant@hha GENEHAsGhiRB @r RS TtémhalcBithdht £FitH ARADIP §Fhcing.

herein, as well as all statenents of the scope of the

pr esent thod and system,. which, .as.a ter of,

I aﬁ% uag eﬁ#}g ﬁ?cegtéo%g‘?"dc % ‘\‘X%nl 1, piheredn g@%@?ﬁ“@éﬁl Ws
apefiodibafiRfhDarfdyEtd EREGY of Mivte ARERAL Per@EX 1R Bon-uniform

conprising: a first periodic or aperiodic antenna
SPaglpg-ay havi ng one or nore antenna el ements; and

el ectrical conductors for providing connectivity of

t het. ant ereaR PHREBINBdeWRRITRIHAnSIE Whibtdi 82 h e RIR! AfREhnaf

radi o frequency energy by the first periodic or
cleragaby hasdit teastrrneripetifier natperpted dearewith.ned by si ze and

| ayout of each of the antenna el enents, the

cormect iMHelRF rBstiGiPeRlide cle®m AN G heFeid Ry Cor B61e Jrith! S-
2. . The RF reception device of ‘claim1, wherein the
antenpp semgaisicodple topnapestifiori ¢ ant enna array has three or

nore antenna el enents with uni form spaci ng.

6. The RF reception device of claims 4 and 5, wherein the rectifier is a
Schottky diode.
7. The RF reception device of claims 4 and 5, wherein the rectifier is

selected based upon turn-on voltage and frequency range of the radio frequency

energy.

8. The RF reception device of claim 1, wherein the first periodic or

aperiodic antenna array is configured to receive multiple polarizations.

9. The RF reception device of claim 1, wherein the first periodic or

aperiodic antenna array is configured to receive multiple frequencies.
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3. The RF reception device of claim1, wherein the
first periodic or aperiodic antenna array has three or

woreog/ogsesenna el enents wi th non-uni f or m spaci nRCT/GS20061e41355

RF reception device of claim1, wherein each of the
antenna el enments has at | east one rectifier integrated
therewith. 5. The RF reception device of claiml,

whet®i n ThmRElred&pﬁ@l Oviser chiten %e?élﬁﬁ%atp%nﬁwpéa%hto?the
one rectifier. 6. The RF reception device of clalns

antefiig CEoMERESAr %Fﬂeqt%b%séé upen desited palagettismtfiey eathaddhe antenna
elements.”- The RF reception device of clains 4 and 5,
wherein the rectifier is selected based upon turn-on

voltage nd_frequen range of the radi o frequency
ﬁ“ Rif\ eecppti %‘X"é’ﬁﬁq @r¢ladmii, sdiersin fediprints ofidueh ef the

tg]lﬂg antenna arr.a

on e%?*sﬁ?%&%’%%%a&éd BB Bte pBPSRRO rE L b apiggn

clermgnts, dhreiptriedmcdaviected of 1mtohlr6¢tﬂﬁer WagERNh . t he first
periodic or aperiodic ant enna-array is configured to

recei ve nC|e e RF reception
dev?ce 0 cl;f'li ,Q;JCQ Lo er éalorg Cfaérggopgpﬁ:?@ #eas @P‘F@Ftlﬁ?{és
posmnnehatta:aehmecépbmt.are sel ect ed based upon desired

pol ari zation for each of the antenna elenents. 11. The
RF jzece f cl , rein feed points of
each ofpﬂ egﬂ:a%? %ﬂﬁuﬁ)él &Vighe %Fgrﬁllé"é’ ?r@&‘taéieaﬁta%e

positiesed #dacinfeedlpoige of each of the antenna el ements, the
[ npedance selected to match rectifier inpedance. 12.

4RF ¥ Qn.devi ce of. cl ai wherein at | east
one rectﬁf%l?%ﬂe FPUeB e CSHEﬁﬁlwe?%@fw&t 13.
Thet Rbstroae e@iond Pededit 6€ aptriodi Pnenhad ’arr‘é.\? eh&kdkofl plﬁni@(ﬁ": or
one rectifier is positioned at each feed pol nt.

The RF PREESHG PReH@ATey heving|oap or mord ecomeantenna elements
conpri sig@srindtad t c_or..aperiodic
ant enna arrag nﬁgﬁsaélg%% %%gnru oo&gﬁ ﬁrsiag%t?(?dé‘ﬂ&bapemdw
ant ennaagtenzyartegyyi ng one or nore second ant enna

e antenna el enents of the

fe: §v pe'é)rgpql% 8&{ g{céfgcg]f&é&rgg)%eﬂ%o provide connectivity for the second
antenna elements, and wherein selective reception of RF energy by the
first and second periodic or aperiodic antenna array is determined by
(a) size and layout of each antenna element of the first and second
periodic or aperiodic antenna arrays, (b) the connectivity of the first
and second periodic or aperiodic antenna arrayé, and (c) coupling of
the rectifiers within each antenna element of the first and second

periodic or aperiodic antenna arrays.

15, The RF reception device of claim 14, wherein size, shape and substrate
characteristics of the first and second periodic or aperiodic antenna array antenna

elements define a frequency range of the RF energy received.

16.  The RF reception device of claim 15, wherein ground plane proximity

of the first and second periodic or aperiodic antenna array antenna elements and-
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antenna array; wherein the electrical conductors al so
provi de connectivity for the second antenna el enents,

w@nah7ksesei n sel ective reception of RF energy BYT/UR®06/041355

first and second periodic or aperiodic antenna array
is determned by (a) size and | ayout of each antenna
el ement of the first and second periodic or aperiodic
spacifif @Nth@ faktlaad Seconl)petibéic ©0 BR@fIdiVidtdhrAfartal @nfehhs tle ARt
second periodic or_ aperiodic antenna arrays, and (c)
deﬁé‘%ﬂtﬂ freqyensy tange oidhe %\Fi EEERYiieediverl. each ant enna el ement
of the first and second periodic or aperiodic antenna

arrigys. e RARRepfon RERRIIFRIACY ifGthePtoh ﬁéiﬁé%enclo ure
wherein size, shape and substrate characteristics o

for eqataipingdhe Brstiperinoner aperipdidianteona ey, rantiifiersemileheeirical
conw@é t{SM&EPIS iﬁlb?gg&&'éal %ﬂe}ﬁiaﬂﬁpa frequency range of the

ner gy received. e recepti on device of
claim15, wherein ground plane proximty of the first
and 8s ec ohsecpefiguralle ratio fivevdnoyli(RF areveptiva devicaycoanirisingg

I ' f the,fi.rst and ri odi,c
or TRRANCRRARA At S5 i piEe0n GG Beimers leae
f r equencyierédi@iRr, a¥hckdif a Rirsteees OintdnBs 8lcifBts sklectelMorRihe

an

- reception device of claim1, further conprising
encl osudWply of gpteanmelagents das p fisyt sigeandwiherapr a second set

aperi odi | fier d electrical
conduct of A F Pt SeckERbl 8 PR oFpRichid Glfgenty has
r econf.i guseedldesizeadnd frequency (RF) reception device,

corrprh}si ﬂg&cpda tpl urality of antenna el enents, each of

t h& SHIBhFPJariariane B dpigsongectivity dasachg dhe plgrality af antenna
wher ei N eferfdnfSdnds8etimks:ant enna el ements sel ected from
the plurality of antenna elements has a first size and
whévherain seledtysmeception of REshengndycheplerdisy sBirgetracldmans
the pluralj .of ..ant.enna el enent s .h a,second size;
and el eé?lri%t%:a e Natiee 5 epﬁgeﬁ%oﬁnﬂﬁ%ﬁﬁ% afafiqrptiehof the
each of phielitplofibaichia/elohe@B B BRLBABNLE] ling of one or
rectifiers; wherein selective reception of RF energy

by the FrUFEsHfigrsde thenlaiality of astrnne slementket er ni ned by
si ze, shape, |ayout and substrate characteristics of

t heopl urmakRFydeiceaTcRnAa sSelvaBRM feed bH@tCAMNE Rt Yhd Yocond
and coupling of one or
sets of antenna elements defines polarization of the RF energy received.

20. The RF device of claim 18, wherein shape, size, spacing, substrate
characteristics and ground plane proximity of the first and second sets of antenna -

elements defines the frequency range of the RF energy received.

21.  Areconfigurable radio frequency (RF) reception device, comprising:

a periodic or aperiodic antenna array having a plurality of antenna elements,
wherein a first set of antenna elements of the periodic or aperiodic
antenna array has a first shape, size and spacing and wherein a second
set of antenna elements of the periodic or aperiodic antenna array has a

second shape, size and spacing; and
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nore rectifiers to the plurality of antenna el enents.
19. The RF device of claim 18, wherein feed points of

wo b@7/0480st and second sets of antenna el ement SPAPUBW6041355
pol ari zati on of the RF energy received. 20. The RF
devi ce of claim 18, wherein shape, size, spacing,
substrate characteristics and ground plane proximty

of dlemridlrcohdunits @ qRmddBgtesndctiaiy eNBAhI AEMLSand second
defi nes the?grequency range of the RF energy recelved.
f

2 1. A rEEoNiiRa lemepisgivBereewslastivg poIRAYed wcention ofi RF

devi ce, SR g; Weloll . riodi ¢, ant.enna
artay hasi RG & B aPany e s SRy oY i and
a first fsed pohtsaftiermiernketmninss, dfe ddh@e@BilyOstidCcodpling of
aperiodi ¢ antenna array has a first shape, size and
spaci ng B WHEP é?ﬁ%ﬁaf%%e ninaglemeitenna el ement s

of the periodic or aperiodic antenna array has a
sedénd shapeemdorzeleatide sdaciegienap del)aetdptioal comprising:
conductors for praovjding connectivity to each ofpthe
firk rs‘aﬁﬁea‘ogécc%?g’e% 1§ APIAATERY R Vi) Sedhalivradity ohrsbamienna
sel ecti wer@i@ri zed reception of RF energy by the
aperiodic antenna array is determ ned by orientation

an éirqité‘é@twl rewrlugfors provisiigeeomacetivityantesch éfte first antenna
connect ieY.I'%é{l'tS'%pl coupling of one or nore rectifiers
to each antenna el enent. 22. A system for selective

r adhe of eI B yecliffbrs réRBEREIABR: confBREd &) M8 ird e{eic{rﬁz 1
periodic or aperiodic antenna array having a plurality

of fir stCORMHENRAIAEvEmOse fifst switcldsdbatrrcmspanshduc tiost s
provi di antgﬂ:}f%ﬁs' ty 'sélgcttrgceﬁﬁégrg PP E:e{llqlglfg-fyg{ysthe ant %eri]c?dic or

el ement s; ne or nore S
r econf i gperaliyatemnesiagd to the first electrical

conductors via one or nore first switches that are

r esponsi [ . t signals to sel ect

r egg'pti gzﬁg%&ﬁﬁ Ogﬁfé‘}ré?gb@% ﬁreco%lmn%eri odi ¢ or
apers¢@di pegindiennapaiodiyant@ida alae heyinkapIahlis @sBodd:
further conpri.sing: ﬁ second periodic or aperiodic
“ant enn aa%treggayelﬁ]ﬁﬁ‘%ﬁd &55501¢ antprRa Jemewris sirad diffenendlyrfeom
el enent ge fileasemaRinantenna el ements sized
differently fromthe first antenna el enents;

second elecfrical conductors providing connectivity to each of the second
antenna elements; and ,

one or more second rectifiers reconfigurably connected to the second antenna -
elements via one or more second switches that are responsive to

second control signals to select reception of RF energy by the second

periodic or aperiodic antenna array.

24, The system of claim 23, wherein orientation of the first and second

antenna elements and connectivity of the one or more first and second rectifiers define

polarization of the RF energy received.

25.  The system of claim 23, wherein spacing of the first and second

antenna elements is uniform.
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second el ectrical conductors providing connectivity to
each of the second antenna el enents; and one or nore
w@e@oneosecti fiers reconfigurably connected toPCTES2006/041355
second antenna el enments via one or nore second
swi tches that are responsive to second control signals
to select reception of RF energy by the second
perdtodi cTlor syaper bOdhit Z8)eRAM idcad of e iR SuPyshaM of
claim 23, wherein orientation of the first and second
antepnp ghementsy 18 RERMEIAMY connectivity of the one or more
first and second rectifiers define polarization of the
RF 2ner dbhe SeRinveblainin?, WherehY & &httdn & tBé Blsf 3ntenna
wherei n spacing of the fl(st and second antenna
elené(l’né‘?‘@ﬁf connectiyiiyrad th fust revtifders definmparizition of #8,RF energy
recefgr ei n spacing of the first and second antenna
elements is non-uniform 27. The system of claim 22,
wherein orientation of the first antenna el ements and
cortfect i4 pYsjers fon gedlegtingsnd cenditiphiog yadafle M electrical power
j [ f e .RE ener received. 28. A system
fron?Qﬂl@és‘t 6?% %)(ﬂ?%éé co gﬁsm : 9y y

or col and conrdi ti oning variable DC el ectri cal

powendifivning @iectronist fa@rRenERtifChe vEAIBIE TR Bietrical power to

condi ti oni %g | ectronics for converting the variable
DC el ectqr F%éﬁ%@?tﬂ%%&@f‘o?%ﬂ@nmg dpdromnigsairesgntinge

condi ti QRERG Bl RALIR lrt‘d) ﬁl%tamegﬁetﬁteisggrc‘& ggsired

i npedance to the at |east one source,” and a storage
dewistasagetevitedor stgringithestovatdbDE Eectacggt ricity. 29,
The system of claim 28, wherein the storage device is

a ogpacif,@r. : i1 L.oni tronics vary. the
Vol tage o Y Ron o ERAEPR on B BPSEHER i difiior dha
the cooditivningtebebtministvaiycthe yolvdge bif thet SterabRIBC ieledfricitd BaseliBon

te f.claim28, wherein the storage device is a
accu%éﬁ%t%&rnﬁl%gtﬁlﬁlwI\Vén%h&%ﬂ]&ic?]?a&ﬁ%g el ectronics maintain the
vol tage of the storable DC electricity. 31. The system
of 38! ai Hhe8ystémmof kiaim @8 phdérsinibe SO Agviet 804 BARHCMd the
Condfiog .sensin .characterli st 'Ecs of the variable DC
S qus ¢ Eﬁtrcg’d%?{m%? hepdagslttherstarably RCleptricitiher ein
the sensing el ectronics sense one or
31.  The system of claim 28, further comprising sensing electronics for

sensing characteristics of the variable DC electrical power.

32. The system of claim 31, wherein the sensing electronics sense one or
both of short-circuit current and open-circuit voltage of one or more of the at least one

source.

33. The system of claim 31, wherein the sensing electronics sense one or

more of current and voltage of one or more of the at least one source.

34, The system of claim 31, wherein the sensing electronics sense current

and voltage of the storable DC electricity.
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both of short-circuit current and open-circuit voltage
of one or nore of the at |east one source. 33. The
wayawemosf claim 31, wherein the sensing el ect PONUSA06/041355
sense one or nore of current and voltage of one or
nore of the at | east one source. 34. The system of
claim 31, wherein the sensing el ectronics sense
cur¥%ent Hrcsyseht @fytaiof 31, heesd tBE abnB T LRSS Id Ghdtd B
Ong$§ s%sten1of claim 31, where the nunber of sources Is
PGP RO KN Seiectipn, eleRiEonienivp confi gviingaind eoimeseting the
soufle€ & the B ; ' ' ecti t.he sources
e hao Sk CROTISI 8 A% BE3R LBt 8 nsea
chayacteristics. 36. The system of claim 35, wherein
t hZ’I sel i syRem) Eddimm S whewsitpihe selegliql electidnias cofmprise a
pludyt RGRchd/- The system of claim 36, the switches
bei'ng controlled to reconfigure two or nore power
sog{ces in series when sensed characteristics indicate
re

Jced Thevestemext claimi3gothe spiichésdsing catroflodver rec@ffigure
two DA% I m sw t.ches being .controlled
o RSB B L B B RS B
levelshadivatiblge $xhelectrichigromaier i sti cs indi cate an increased

| evel s of variable DC electrical power. 39. The system

f 3@l ai . . i Si
ond¥or mae &vesh SR %, MBS R Bt L Brmieuie

two of glote pawalsewmices malardhwhes HRefed MaiacteRsHRGHRRIE 3
onversion elenent, a thermal to

incrd2 iie tr%cal
EPECIreatv §i<dertasabrewer and a chemical to
el ectrical conversion elenent. 40. The systemof claim

28 39whellhe Bystdme of olathh Bil b Bie 61 B6Fd W& SoMREY com rising
&gsrat%pqtﬁfsed upon sensed characteristics of the
OnC OLIPPIR A EPCERTPR BeNics Avratenny, alighttie eleptricehsamiversiomi m
len® 8, a WRRH & i £ 00 roni.cs.,conprise a
eenconﬁerciaﬁ&%%p?g&%%gﬁ%&ggkggﬁ%%%%%f”ﬂﬁgpm%%gggy§§en1of

conversigmelegent\ghé mehemidabtooddeudlii¢al oovivegsied eleineani cs
conprise a first type of DC to DC converter sel ected

frag th : - SW t.ch buckboost converter,
R A R e T R R
opergjfey tas¢hepainrsensedtchamktotistie e theovarBIED C &1 2uedsl power.

converter controlled to regulate i nput current
Pr POr trRNAJsicliPot RME 28 § PR i GO i
capaci t of Convert ar: ,%I{e?gn the condl%omng eqec%romcs comprise
a commercial DC to DC power converter. '
42.  The system of claim 28, wherein the conditioning electronics comprise
a first type of DC to DC converter selected from the group of: a four-switch buck-
boost converter, a two-switch buck-boost converter, a boost converter operating in

critical-conduction mode, a buck converter controlled to regulate input current

proportional to input voltage, and a switched capacitor converter.

43.  The system of claim 28, wherein the conditioning electronics
comprise:
an isolated or non-isolated step up/down converter using four-switch or two-

switch implementations using either synchronous or diode rectifiers

22



10

15

20

25

43. The system of claim 28, wherein the conditioning

el ectronics conprise: an isolated or non-isolated step
waipdodovseszonvert er using four-switch or twosw PCIUS2006/041355

i npl enent ati ons using either synchronous or diode

rectifiersoperated to achi eve a desired input

i npedance for proper |oading of the source or sources;

and wher epenated ®cahidve uQlsir&DRGUIGHIRAaIRdS: ﬂr%péﬁ@éhiﬁ%of the

achi eve const ant averaged i nput reésistance to achieve

desired TOHFINGOHeTRBCat | east one source. 44. The

Sys fd; i ein t .sqlated or

no n%ﬁéé%{ﬁaﬁlggﬁ{su{iﬂeoég up ov\lg h cE:lI%)orﬁi \I% Zsr {J%rg tc? esﬁg%‘feecﬂlgamf Praged

t he gr ouippetonsistsndertg aokhisvbddeskred taging e & 1806 ofd¥ource.

45. The system of claim43, wherein the four-switc

h
I npig e ' 0 .epenced source. & | oad.
36 e Lo B AP Sl TR B i
up/dovph evronttertis seledted fibinotat isfgpeotsisthe K7 bucklsoosy SESEAA
Cucla|n128, wherein the conditioning el ectronics

onprise: an isolated or non-isolated step up
converter using diode or synchronous rectifier to

achteve Bhedgstemed dldipui3, weadamedolofwilthaleth S8k dithas
of, the source or sources; and wherein
grownd efereiced somieR & 188 mode i s used to achi eve a const ant

averaged i nput resistance to achi eve desired | oading

of 4soverTiecysted dficld@u3c @heredBthe THE-sSYSh %Hlof%ﬁqeﬁjta@iioﬁhas
wherein the isolated or non-isolated step up

47,
floafigh §uFt%r is a boost converter. 49. The system of
claim 28, wherein the conditioning el ectronics

corit i s&heapstein@ifalagd 23 wherid SelcahddoshERII W cs
converter using a diode or a synchronous rectifier to

COmMPLft'eve a desired input inpedance for proper |oading
of Jhlig1 Aty bERHlisRISPH S ne SYSIEmOf el ai m
49, ‘wherei n théw?golaf@ﬁﬁﬁﬁmggﬁ¥iSgﬁéﬁgk(gﬁgﬁdﬂgﬁﬂw
rectifier to achieve a desired input impedance for proper loading of the
source or sources; and .
wherein critical-conduction mode is used to achieve a constant averaged input

resistance to achieve desired loading of power source or sources.

48.  The system of claim 47, wherein the isolated or non-isolated step up

converter is a boost converter.

49.  The system of claim 28, wherein the conditioning electronics
comprise:
an isolated or non-isolated step down converter using a diode or a synchronous
rectifier to achieve a desired input impedance for proper loading of the

at least one source.

50.  The system of claim 49, wherein the isolated or non-isolated step down

converter is a buck converter.
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converter is a buck converter.51. The systemof claim
28, wherein the conditioning electronics conprise: a

W@ 200g/0¢80St age or nulti-stage switched capacit oPCT/B&006/041355
converter operated with frequency and confi guration
control used to maintain desired input inpedance for
proper | oadi ng of the power source or sources; and

wheggei n TM 1 hifhl 98, TR dih BRUEREN i ohidE i iroBi 8
control oogggre uség}aé a décision %gbﬁgl ofbgﬁanging
cong@iseonfi guration, the limts being unique to each
confi.guration or . set for. all operatjng-nmodes. 52. The
oy ot UiAGE g 8 oS g riadisc cRELGH e GRYSTi optated With
el ect r onfr&fueRBLIAL BntiButiER chr@fused BRnAlAMM dRireinput
vol tage based upon sensed characteristics of the
var i abl enpedyeacer raapertlpedisg of thgeowey swece Fourrhy and
sy f_cl.ai ~whereif the conditionin '
o) P Rm B AP SRR ARl LR DR tpoppe usea o
i ndi cat i )decisioropehiafor OialgiiRes C en@ndatidhe tHeUlnsis being unique
frequency indicating an operational frequency. 54. The
syst em dP eatisaniisuralign oF setifor plbopsratingsnedesand wi dt h of
a pul se used in the pul se node are sel ected based upon
senged Chay Ittt dfldigs4n) fwhehen vy doabitienide dkWehicd Bferate
t he storage device. 55, The aisten1of cl aim53,
to S{gRaIT StepsiopBEmuspw fVoltpge based rpn eppeduiheragieaishienidithel
: ' ].. 56. The system of claim42,
WH%ﬁ%?g?ﬁggﬁSQ@gggg%ﬁ%ﬁ?%gcglectronics further conprise
a second type of DC to DC conversion nodul e sel ected

f r oWt helprsosiem efredpirtss ayherainthefqonditioging elestionigs prerels

- in pifse &2 gﬁﬂg?ﬁls%ﬁdﬁ%cﬁ%@% {nﬁc@e?ﬁ%&%egi%g%ﬁ% ggeepl{ﬂé%”

sense acterrstics varl r. S57.
freqibecysindicetingdn ejepdtionaBfreqMeacei N t he conditi oned DC
electricity is supplied to electronic devices sel ected

fr o t hel“}gersgglt@ oJf‘ 1a§m”5‘33‘3' 'vsﬁl%l‘eiﬁi e equfeg{y e{n%i%ﬁxt of anlgucfsea
brain, a e Pcal . device’tor 1P antl o a Sprna

used 01 thhe palsordide ale @ctedebakad us@NEnig dheetaretardithavaimble
signals, a nedical device for sensing

DC gower #ukihe sioFRgesi§Yis si gnal s, a medi cal device for
sensi ng el ectronyogram signals, a nedical device for

i Msant The systamcsfeidiges3, avheedh cahpolemtscsT thosons@Nsiréigt are
bloq%lsugarlevels,_a nedi cal device for nerve and
povessd davir Waen pRioReraliatalan envi ronnent al  hazard

56.  The system of claim 42, wherein the conditioning electronics further
comprise a second type of DC to DC conversion module selected from the group, and
wherein the first and second DC to DC converter are selected for operation based

upon sensed characteristics of the variable DC power.

57.  The system of claim 28, wherein the conditioned DC electricity is
supplied fo electronic devices selected from the group of: a medical device for
implant into a brain, a medical device for implant into a spinal cord, a medical device
for sensing electrocardiogram signals, a medical device for sensing
electroencephalogram signals, a medical device for sensing electromyogram signals, a

medical device for implant into a cochlea, a medical device for sensing blood sugar
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sensor, industrial and commerci al sensors and devices
for building and structure control and automati on,
w@rioriogsab2 ar ea sensors, assistive technol ogy deOT/TE®06/041355
aircraft devices, marine devices, satellite devices,
retail environnent devices, fire sensors and devices
and security sensors and devices. 58. The system of
levelb il edBal JRE Eb M- NEarREIRRR gt%nﬁmaag%ﬂleﬂbﬁgnﬁ&@'ﬂa%d
for_ bionedical inplantation. 59. An systemfor
senpegy ndystiiabansrongyertiabsenmirs pothdeyicesdpbuikiimgandsstructure

i Vi devi ce,.wi,t h at | east .one ant enna ,and at.
configh i aflmation, S artainsors ARG tHBDPICEY dotioey pirviat
devides, RErinRods cek NHate] 16t detibes; totAiEBlviRNARhT d&ideY, fidREnRrs and

power managenent unit that (a) configures the

devicss and, peryrifiesanees Bagdeviegson the DC el ectricity, (b)
presents a desired load to the receiving device and

(c) 58t or ehe §REnET @hiGrDs, ivitickdtn t1@0sysiEhEis SHSHSILRE 16 hidwn
59, wherein the RF.power is mcrowave power. 6 1. The

for bipgedigabmplpaieie’s9, wherein the RF power is
mllinmeter-wave power. 62. The system of cl ai m 59,

whesei n AReyReWssr KRRAER ﬁgrg%" Rl RF hatveS eO¥BiLiAgt he
DC electricity into electricrty suitable for sto%age.
63. 2 TeRelvinesteaineofiticatacast &% anjgrmnaid at leest oee gictifiag the

devi ' fi i t.h h Lo i
ool ar 1 zetr AR el MR AR Brerliiihs

wher ei n gaghcioy;tah@égonal |inear pol arization el enent

has at | east one rectifier. 65. The system of claim

59, 2 RAETTEnFPagrBacntapl; that gy adizeies the eemivingdedae hrsed upon
dual or tieganalcific kAt 1Ak i i
The system of clai nf ’gl%?ﬁr\?gég r%{ %gsgrg!é ﬁ&gﬁ{) ﬁ%ggééﬂmg Revice
ci r cul aramguldcpstpzatlieddCeleetrinitty. has at | east one
rectifier.67. The system of claimb59, wherein the

oo MThRMIRR ORI S0 SRR bW pBLEIENL Bayer

68. The systemo erein e plura

elements is configured as a periodic or aperiodic
ar rly. The system of claim 59, wherein the RF power is millimeter-wave

power.

62.  The system of claim 59, wherein the power management unit first

converts the DC electricity into electricity suitable for storage.

63. The system of claim 59, wherein the receiving device is configured

with dual orthogonal linear polarization elements.

64. The system of claim 63, wherein each orthogonal linear polarization

element has at least one rectifier.

65. The system of claim 59, wherein the receiving device is configured

with dual orthogonal circular polarization elements.

66.  The system of claim 65, wherein each orthogonal circular polarization

element has at least one rectifier.
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69. The system of claim67, wherein each of the
plurality of elenents is selected to receive a certain
wo e@quesosy range such that the recei ving devi CBCT/US2006/041355
recei ves each of the certain frequency ranges. 70. The
system of claim 69, wherein certain of the plurality
of elenents are interleaved with one another to reduce
si 2. of TheesyseaebNdlaen $5wieein b reddi@ng MetiBItGhpGdediam
I 53 (@?greln the external electronic devices are
Plualfye el m t he group of: a nedical device for
inplant into a brain, a nedical device for inplant
i nt63. a SHiegktefO6 thlaith 68 Siteddin SR\WIGRLfyUT SRRt configured
eIecérocardlggran15|gnals, a nedical device for
a8 aEHSHN T PEUGEEBephal ogr am si gnal s, a nedi cal device
for sensing el ectronyogram signals, a nedical device
f or6ol Mpl' Bt sybteinCo 1 GRCEY, Qdereth BRA T/ e H18MIBLof @Ements is
sensing bl ood sugar |evels, a nedical device for nerve
selegfie tQ ECPIYP greegpinfifaaenayrangersuch that themeediving deviee ckceives
[ j.al comerci al sensors and devi ces
eadfggﬁgE?Fgﬁgga%%gggyﬁﬁgture control and autonation,
critical area sensors, assistive technol ogy devices,
ai r'@r af tThgeystemsot oframi Gfe whiersincestairseft the pluraitd et lemsnts
' j viges,. fi sensors _ and devi ces
ore R DAL B S MG o ob B FE3RAG 88 R L arm of
clai m59, wherein the system powers sensors seal ed
wi t/hi n dieskstemodieaim. 597 @hertiieths gsteaml efecitdme dehes are

' m harvests radar, power. 74. The. i
sole OB HE L Wl EeIRRERSNG DR AR tharipea sdical device
for ivipiak &8s asppabtadps OddieadiclRE fHWRAREElOEHGEdibAAM signals,

%ﬁéfrlng he system 75. A method of converting RF
am g5V1Fo8 sersang eeqiroeaeqphalograansiomis, el reedied] devige for
GRS : R i Vi t he RE ener usi ng
e g b R Ao SR by o oG
medicabdeynerafonsdnising tdesi supdr lengledanedicdl idanst € iah@ dddeellular
ower to a storage device; and conditioning

. _recej ved
Smnﬂe%@o ta8reé‘§1f%‘ﬁ§?ta1t1&%fflo%9ﬁ% ipfiestist agq sempergiglysenspgs and

deviddseonbliliRgh &{d @hRtuRe Eontrdl Yhd BEEMGAR rchﬁkﬁlgaréae%r;i%dggm e

.Characteristics of the received RF energy to
assigtiye tophnglegy de¢vieesnsiceraft dgvitdsemadioeileddespaateltite &viced etail

. . clal h i Vi he RF
env1f§%¥é§€d&flce% ﬁfa@eﬁédrrse t%dle %e%%cg:g?ﬁ%serﬁgﬁg}ns\éingc&st (f 53@/1%?5.

conptising
plurality of rectennas, each rectenna
72. The system of claim 59, wherein the system powers sensors sealed

within an environment.
73. The system of claim 59, wherein the system harvests radar power.

74. The system of claim 59, wherein the system harvests wireless signals

produced for purposes other than powering the system.

75. A method of converting RF energy into usable direct current DC
electricity, comprising the steps of:
receiving the RF energy using at least one rectenna;

loading the at least one rectenna with a desired impedance;
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configured to receive the RF energy at a certain
frequency. 78. The nethod of claim75, the step of

w0 e@aiovdony t he RF energy conprising receiving PEEURB06/041355
energy using a plurality of rectennas, each rectenna
configured to receive the RF energy at a certain.
polarity. 79. A nethod of converting variable |ow
poweansBrieg Brtrecavédpiwidrdo bs@bdge ddiicecindcur r ent

electri.cit conpyising the steps of: sensing
charWditisring the S5 R apioxisedhe B BevBritne
electricity; selecting, based upon the sensed

chaf@ct efhesmethed ofl cEn!70, fodhedvairisaly FRAHE 8h@A6teristics of
h qg&g@&g@g characteristics to convert the variable |ow
© BSREEY BE ekt teidetarpineghe methodiof icoyvesting isirecefivad power.
storage; storing the converted electricity in a

suiT7abl eTist methge of eMira &5, @B shep ORFlickivaly Mg Rtlihé?le%pr ed
el ectricity toiﬁﬁoduce usabl e DC-el ectricity. . A
conIESIEIFRFiRg HirckE eBerBY veing g plurelity wéréatermas, siacl sxttanna

conﬁ@ﬁﬁ&hﬁﬁk&@@@ﬁ{@Fgﬁgggat egﬁﬁeéQ%_instructions, when
. péer

executed by a conput orm eg% for designing a
system for harvesting energy from RF waves, conprising
st 6% of thejmgtBpd et plaim b tthe tep pbreneivibeshgR Fsmktgyar e t 0
J. g6t ' ‘ .conf i gurati.on for overa
o e ok P CARRP B N b HLS of PPl S Foctenna
con§gired tgreagipe tprRBtrergp avecdrai pjodpelyogy; sel ecting
converter conponents, and operating conditions for

MBaighum kel : u sel ecte ectenna.

coﬁ?iguﬁg%%g%dgﬁg%gﬁ 6§$V%ﬁ%g§8W§FW§?$%é?%9@Fﬂy“ﬁot“mﬂe
dirediemirmgniadledri¢ity icdmiptisipgwes stgRaract eri sti cs;

andsel ecting appropriate control approach and settings

f o8 #h&mgc&rfgﬁaﬁ &[ the yprahlelor Ravesi JC elesiricifyy en

sy stledirz 8426 Lehh fild 0 sianing a

rectenﬁ%? con%??gﬁﬁg&?ﬁgﬁéﬁgggﬁg%g’gg*%%??né”%&%ﬁ%ﬁdeﬁ

si ze of apndheperedneeraadiersstids toponvay tiel vabkeledswadower DC
i nci dent and operating

radiatio ower | e%ﬁé
frequeng$cggﬁﬁé?eG@&E@SFH@éﬁ& tagsol ar i zati on based
upenring e FoneBNsd ae&ﬁefgy Bfa %ﬁl@tsto%ge_ REAKC %ﬁdﬂg
rectenna material based upon propagati on nedi um and
fr égmiémng gﬁ:gs@qred electricity to produce usable DC-electricity.

80. A software product comprising instructions, stored on computer-
readable media, wherein the instructions, when executed by a computer, perform steps
for designing a system for harvesting energy from RF waves, comprising steps of?

interacting with rectenna design software to select desired rectenna

configuration for overall combined rectenna and power manager
efficiency;

solving appropriate converter topology;

selecting converter components and operating conditions for maximum

efficiency based upon selected rectenna configuration and output

characteristics over designated incident power characteristics; and
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30

W@ p@ratsosnal

sel ecting rectenna array shape and size based upon
requi red out put power |evels, avail abl e power storage,
duty cycles and avail abl e space; BE&I/E810061Q41355
a nunber of elenents connected to each rectifier based
upon incident power |evels and sel ected el enent size;
and sel ecting a radonme appropriate for intended use.
82. sefechRg hMRESIRE QEMES] a@ﬁfﬂ@&ﬁ Shd ik 6 UAHLRRS o4 €d
on conputerreadabl e nedia, wherein the instructions,
when exebsteareifgiency ovigyeiean, sypiemf dharacteristies. f or

desi gning a rectenna, conprising instructions for:
Usigig PONBHeNRYE O drffsH

opti mum rectenna cgﬁ |8%?§??§ﬁé?%r o&%ﬁ% e%ﬁ%@%%
redﬁéﬁh@gQMUKm&N@ﬁOﬁ&ﬁaggnmabaaﬁﬁmonemmk&kuptannmdmg
rectlfler rcuitr u | ication; solving
rectifief d%#?%ﬁ??“&Sﬁ%ﬁ8@$°§%gﬁaﬁﬁﬁﬁﬁnﬁﬁﬁpﬁﬁzed

I ecdeldetif elemefihdlirtzatidA biéddtpdn HR KR ch@ARUNRGY 0P8SEtion;
upon optim zed rectifier circuitry, polarization,

in cﬁe&éﬁilg FestenBR Mekerisd hesed e propagationanedivsyand ieqgency
full wave, 2&% tromagnetic simulations; solving DC

net wor k at F frequencies using a conbi nation of

ful delenlangreeteana noapgetiand sindbived b eguEse yuput p@wér
S|nulat|on§ %@ ting appropriate conbi ned antenn

and rectFYEAVEL B‘Q‘Ver SEEP&e PPHEHA) ABiraysics ag@:avallable
net wor k §,9Rel ogy and operating characteristics;

sel ecting appropriate array configuration;
andslsctieg & ngmbemrfghmettecpmekage ¢avh réatifegbadet] (Dlpon\{llﬁdlﬂent

power managey b se sj mul at.i on qf package for RF
conpat i BT 1Y leve ﬁ\u}%giefi\ﬁlf & 7‘16%&83 conprising .

| NSdefodtiig @ﬂﬁlom%ta@pﬁﬁrﬁfb fopmwtided beadabl e nedi a,

wher ei n the instructions, when executed by a conputer,

f t f t
R R A AR ]

readaBle médid, Gﬂ%@lh gk Mbﬁﬁt%!‘ﬁﬁheicé%&ﬁecﬂﬁﬁ b 98mpafet, ‘@@H@nﬁ Qteps

sel ect one or nore desired power sources for overal

T dRSHHEIOE IR coBIpricBgantirysEmes forvanager

using power management design software to select optimum rectenna
configuration for overall combined rectenna and power management
efficiency;

optimizing rectifier circuitry based upon application;

solving rectifier circuit topology based upon optimized rectifier circuitry;

solving antenna topology based upon optimized rectifier circuitry,
polarization, incident radiation power level and frequency using full-
wave electromagnetic simulations; |

solving DC network at RF frequencies using a combination of full-wave
electromagnetic and high-frequency circuit simulations;

selecting appropriate combined antenna and rectifier topology;

selecting appropriate DC network topology and operating characteristics;

selecting appropriate array configuration; and
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efficiency; solving appropriate converter topology;
sel ecting converter conponents and operating

wa@ ondiossosns for maxi num ef fici ency based upon B&l/@810061041355
power source configuration and out put characteristics
over designated incident power characteristics; and
sel ecting appropriate control approach and settings

f orsebekingappropestaphckags fatigepetibh Wit@%ﬁve@ﬁﬁha@r%@&d upon
systen1charfcier|st|cs. 84. A software produc
conpri si HEU1RHSR ofipeckaas for Kfosasmpasihilévnput er r eadabl e

medi a, wherein the instructions, when executed by a
congaut er A spRWhRIPI&ice PempNingasiraeticng, BoL@VR CoSPHict.e.
q%‘%iwprl%%‘gg instructions for: interactively interacting
readgolempdiney herain dae stuctipas, Wrensareuted by 8 sompliiestperform steps
5 for QRELITHE, BRVES . ' i for overall ..
'Or combi ned pomf&g%ﬁ%gtéﬁgénﬁ(fr%gfv{g% p%gvﬁgg%%??t i ]?]ilscﬁl%ncy;
instoptipns forng power source circuitry based upon
appljcat.ion; selectin propriate DC network topol og
an dn%bﬁlag AG RAEF ity S%Mﬁ%ﬁt%%}%@nw more desire
appr opr i gvRer BGKAYBr HPdrall @&ﬁgﬂh@& b?@eﬂoﬁﬁe%ﬁﬂ%%ﬁ%ﬁggéer
based upon sinulation of package for power source
conpat i biffifieycy; 85. A system for col |l ecting. and
condit.1loni ng vari abl | ectrical power from at
10 I eggwulclﬁlgépg_ unragee?oné%ﬁ%rﬁgg?elﬂ%% condi tioning el ectronics
f orselzofingEdnvegert ddgpoachtd bh®opdrattl Lhbitoal fRIMBEmLR,
storable DCelectricity, the con |t|on|n% el ectronics
pr esent i StECignGYdened wponrselected mawisr bauek canlighetian ahéastput
one sourge: Is r storing the .
ot or abl PacRASR B AR E8alaSLEUP Rt ang
r estlstamngapragatitcantes pgroschtand eptingafor heaehi@ivetaance
of the so%ﬂecef ver a range of input power |evels. 86.
The syst™eMrUrCHLPEIH BT SRR FEiem chaageadicti oni ng
electronics are based / V2 -t V-t or upon Pin = Vg
.| 8dvg A Mgftwart bloduckeoatitising iBistrucHofg istirdPé1€6brmputer- ON
i ntegrated converter for collecting and

7. An. r.
reada & Jagdia mhﬁgmg the mgiructipys, when executed by a computer, perform steps

for designing a power source, comprising instructions for:

15

interactively interacting with power management design software to select
20 optimum power source configuration for overall combined power
source and power management efficiency;
optimizing power source circuitry based upon application;
selecting appropriate DC network topology and operating characteristics; and
selecting appropriate package for integration with power manager based upon

25 simulation of package for power source compatibility.

85. A system for collecting and conditioning variable DC electrical power
from at least one source, comprising;
conditioning electronics for converting the variable DC electrical power to
storable DC electricity, the conditioning electronics presenting a

30 positive resistance load to the at least one source; and

29



el ectrical power fromat |east one source, conprising:

conditioning electronics for converting the variable
wdaoeloesosz i cal power to storable DC el ectrici t RCT/URM®06/041355

conditioning electronics presenting a positive

resistance load to the at |east one source; a

controller for controlling the topology and sw tching

fre : itd QR £S; .and a

St of Al ek R KRN b AR BCREERTY B

el ewheteqi thy positiee esistanpeload nomredpbeds tadmpiral bay resijtase ©f

f th i tchi.ng f dt I t
extract PSWBPTeF PO YRR URRH R A E st or f ng the

har vest ed ener gy.

86. The system of claim 85, wherein the conditioning electronics are based
» I ke V2 ’ ton V- ton 2L
5 upon IDin = Vg .Iﬂvg = Vg ’ %k = gZ—Lk and IPk = £ = Remulated = ton . k *
87.  An integrated converter for cbllecting and conditioning variable DC

electrical power from at least one source, comprising:
conditioning electronics for converting the variable DC electrical power to
storable DC electricity, the conditioning electronics presenting a
10 positive resistance load to the at least one source;
a controller for controlling the topology and switching frequency of the
conditioning electronics; and
a storage device for storing the storable DC electricity;
wherein the ‘controller adaptively adjusts one or more of the switching
15 frequency and topology to extract power from the rectenna while

storing the harvested energy.
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