TI TLE OF THE | NVENTI ON Poweri ng Devi ces Using RF

Energy Harvesting FI ELD OF THE | NVENTI ON [ 0001] The
w@e@sasi204 nvention is related to the wrel ess POWERL006021940
of devices. Mre specifically, the present invention

is related to the wirel ess powering of devices with a
power harvester. BACKGROUND OF THE | NVENTI ON [ 0002] As
processor capabilities have expanded and power

requi renents have decreased there has been an ongoi ng

expl osi on of devices that operate conpletely

independent of W resppfrP rr§@r
untether%@'64§%_C%%v&%gglgﬁl%glﬁgién% gﬁeﬁar%ggtlang

Wi rel ess keyboar s'to ng “sensors active

Unei hored tevi ces coIEVRUR (1 Papl PE LI th the

limtations of portable power sources,

;
baPPO:iles agh@h@q@eﬁ)ﬁrﬁesl,r@@e %%rregﬁ’;e% to the wireless
PeLlRLTRACE (¥ RIQGesSOr s aﬂ@rgorgﬁgbgfq%%ﬂﬁ h%ﬁ% present

been doubling every 18-24 nonths driven
IanwebanpﬂqASechhetegthwtmenW1oeleapa@dneﬂMﬁgonfydevices
been rom%wg neasl 6% per year. Even with power

cOASE GuEoUEE JAE VAT Fhe latest in battery

t echnol ogy, many devices do not provide the lifetine

cost and mmi ntenance requirenments for a&g}ications
that requirea |arge @@@%@BO&NDuﬁﬁéﬁﬁ@ré il&8s such
as logistics, and

[0002] As processor capabilities have expanded and power
requirements have decreased there has been an ongoing
explosion of devices that operate completely independent of
wires or power cords. These “untethered” devices range
from cell phones, and wireless keyboards to building

sensors and active RFID tags.

[0003] Engineers and designers of these wuntethered
devices continue to have to deal with the limitations of
portable power sources, primarily batteries as the key
design parameter. While performance of processors and
portable devices have Dbeen doubling every 18-24 months
driven by Moore’s law, battery technology in terms of
capacity has only been growing at measly 6% per year. Even
with power conscious designs and the latest in Dbattery
technology, many devices do not provide the lifetime cost

and maintenance requirements for applications that require



bui | di ng automati on. Today's devices that need two-way
comruni cati on require schedul ed mai ntenance every
wao booea32o4 18 nonths to replace or recharge thePdEUSMEs/621940
power source (typically a battery) . One-way devices
sinply broadcasting their status (one-way) such as
automated utility nmeter readers have a better battery
life, typically requiring replacenent within 10 years.
For1heth devbee byPeatceaBedY! §8vPOUET sSLHT 58 logistics, and
mai nt enance is costly and disruptive to the entire
sheiddinpatatdetiicm i s iTedages deviwmist othandmsmed two-way
CBBb Sha el AUhRT T A0S B A8 DB Senree o
rebahbvehy Rioghrgusiceaassoctadied-gd tithd héevé€r Hapower source
battery al so reduces the Bractical, or economcally .
vilapPatahlibar PBELEEVI cesPRRavarafeBecagpFbPRYY PBbBEFasting
Theei deal soh4iti dQidyle Rower RLoblamiaredintglngned neter
devices 1s a device or 'systemthat can collect and
haeadssssfdiei entbeieegy baitdmryhel ke er falpically requiring
envi ronnent. The, harnessed_energy ld th ei.t her
df?%c?F?mSBEerwéEHﬁ%te e@gﬁﬂa%Vicg%%F~aé&%@ntdSVlce types,
bathesylet pbher-sbaragemednpenante Dsreektyypawar dngruptive
an untethered device enables the device to be ,
cbAsthgctedd e holitehet hredaf 68Va Chatitterit stpfbnEP ngonitor

A3 349629 ent goulo be akong {twe JiRes: « 1
iﬁcrgasing t he overa?? +§%e d%atﬁ%ldevﬁgg'or 2 igﬁyare even
pmovidi ngsibye poder diertheidevice fo a macro level, the

relatively high cost associated with the internal battery
also reduces the practical, or economically viable, number

of devices that can be deployed.

[0004] The ideal solution to the power problem for
untethered devices 1is a device or system that can collect
and harness sufficient energy from the external
environment. The harnessed energy would then either

directly power an untethered device or augment a battery or
other storage component. Directly powering an untethered
device enables the device to be constructed without the
need for a battery. Augmenting a storage component could
be along two lines: 1) increasing the overall life of the
device or 2) by providing more power to the device to
increase the functionality of the device. The other

parameters for an ideal solution is that the harnessing
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increase the functionality of the device. The other
paraneters for an ideal solution is that the

whaneesringdevi ce coul d be used in a w de rangeCDS2006/021940

environments includi ng harsh and seal ed environnments
(e.g. nuclear reactors) , would be inexpensive to
produce, would be safe for humans, and woul d have a
m nimal effect on the basic size, weight and ot her

phigsiicel cbaldctiesi sises afh t he wndet herask ded Cenvironments
BRI EEF SUMVARY OF THE | NVENTI ON [ 0005] The present
i MPEHLCoR Ipeedichs @8dans§6&§ﬁat@@Vﬂépnﬁﬁnéﬁpl|@ag|onnuclear

The a2RRRAL US,SANPrhsesnaxseh vige a
havﬁn aﬁqlntegrated CI?Cﬁ?? é?g £ 5&%I€§ﬁl Wbu%% be safe

appar lﬁﬁﬂvbnpam@eyoalgoﬁemmhaavmsnemalpmﬁﬂkxﬂbgyuathe basic
f ner arvest er) connecte
:%glgérgﬁgggﬁgg %gg%omer th8 ¥8F8aé v%%%raf%ﬁ%%ﬁtﬁﬂ% of the

pnesentheiravdedkivaaepertains to an apparatus for an

application. The apparatus conprises a core device
preferably having an integrated circuit for the

appl i cation. The appefaf %mx%lf '@Eesrﬂ(;@aﬂ@véh?floq

receiving energy wirelessly and providing power from
the energy to the core deV|ce to power the integrated

ci kt of core device, e recei nme

&Rﬁggﬁed tgg Eﬁﬁ%?de%?ggn lfBO@ﬁrtﬁék%rggeﬁFl apparatus
| Aventnorppdlitaitisn.0 aHetdgsh foruancanprisadi NcoFbedevice
neth d co rlses the steps of converting .

pre erab ”9 having an integrated circuit for the
application. The apparatus comprises a power harvester

(preferably a radio frequency (RF) energy harvester)

connected to the core device to power the core device.

[0006] The present invention pertains to an apparatus
for an application. The apparatus comprises a core device
preferably having an integrated circuit for the
application. The apparatus comprises means for receiving
energy wirelessly and providing power from the energy to
the core device to power the integrated circuit of the core
device. The receilving means 1is connected to the core

device.

[0007] The present invention pertains to a method for an
application. The method comprises the steps of converting

RF energy into usable energy. There 1is the step of
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RF energy into usable energy. There is the step

of preferably powering an integrated circuit of the
wW@or0e/183204 ce with the usable energy. [0008] ThPGI/US2006/021940

i nvention pertains to a technique that uses radio

frequency (RF) energy as a source of energy to

directly power a device or augnent a power storage

conmponent in a device. The present invention neets the

e peseribed hA (Nherogeytods cBackor oW @he core
I nvention” section. [0009] Traditional RF

r 8edi@iend iddy itdes usalpd of 686$6d -on maxi mi zi ng

selectivity of the frequency to isolate and to be

coherent without interference fromother sources. In
cdleooadt, wihlie tirerepresentpdeeints oto opetatRaigticathat uses

specj.fic fre uency ange of frequencies, the device
aCE&pts angY HREEVT of BhLe ?g‘}?%%plaéﬁmﬁt PRBIGEt gt energy to

p@l\i@fedﬁflyt he A ce& Alspicd heoresgagrbntel ate@dol@r storage
power harvesting that uses RF energy as a source has

pECRRONISNtf oblus@d @RV idesi cedhan presenpr gxiventicef maets the
S%%g%%ﬂ@ﬂ%%%&'&%ség}ﬁ§9r1£ gkg gﬂ?r %hs Jéh%ﬁg %nd of the

'l or research asstne dicated or
sdnwe@tdbnRFsb@tﬂmmer t he device. [0010] [0001] The
i nvention should not be confused with power transfer
by inductive coupling, which requires the device to be

rQb@bgﬁely @ﬁ%ﬂiﬂﬂ%d&yaﬁﬁwfgcéfﬁﬁﬁgn§§¢P@e§oH59§ £oB€sed on
RFI D Handbook by the author Kl aus nkenzel | er defines

t Fe=iindadniov es Sl i ig- ¥ egf ohhas fdiesgncy bet weeplate and to

be coherent without interference from other sources. In
contrast, while the present invention operates at a
specific frequency or range of frequencies, the device
accepts any interference to supplement the output power of
the device. Also, the research related to power harvesting
that uses RF energy as a source has primarily focused on
devices in close proximity of the source (inductive or
near-field energy). In most cases, prior research assumed

a dedicated or directed source of RF to power the device.

[0010] fo60%F The invention should not be confused with
power transfer by inductive coupling, which requires the
device to be relatively close to the power transmission
source. The RFID Handbook by the author Klaus Finkenzeller
defines the inductive coupling region as distance between

the transmitter and receiver of less than 0.16 times lambda
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the transmtter and receiver of |less than 0.16 tines

| anbdawhere | anbda is the wavel ength of the RF wave.
wab@eilsszent i on can be inplenented in the near PCEUS006/021940

(sonetines referred to as inductive) region as well as

the far-field region. The far-field region is

di stances greater than 0.16 tinmes |anbda. [0011] It is

an object of this invention to provide a nmethod and

apparat usaiedd 0012] the wakellehytBnesgi z€nh&nN RF wave. The
unt et hered device wthout using direct wiring [0013] 2
1pBRRELIBR Sagmiift tRLEMIRLRA tReThSwdeadt ok (Sometimes

8?@?89?8 $Q ids MBiEesi e Lif£oRf akhgedeviLe » far-field

timately, powers the offgrid device with or wthout
t hegiise. of Bhet erdrestidi@l4fe@ionalisowduntenhesedyreater than

devices.to be_vjrtually maintenance free [0015] 4 .
pﬁogl‘édgllﬁﬁangﬁ{n%fli%n for other energy harvesting

technol ogi es (sol ar, piezoelectric, etc.) [0016] 5 .
provi de backup power to tethered devices [0017] It i
a

S
[P0 Lher oEFeé{S ANt APderhvé&dt idh-§ olHV?EEf-PS} Wr%"ide a
dﬁg{:ﬁgdognéugﬁggga@ugo%r storage conponent in a
q . .

evice in conjunction wth other power harvesting
t €60hBM ogi e3.andrsnotadg elermergiszd 0048] Writethded device
method and apparat U5 8 I8YL 58 a$BO¥eY i ring
[0013] 2. power or augment the 1life of the power
storage component so it matches the life of
the device and, ultimately, powers the off-
grid device with or without the wuse of
batteries
[0014] 3. allow untethered devices to be virtually
maintenance free
[0015] 4. provide  augmentation for other energy
harvesting technologies (solar,

piezoelectric, etc.)

[0016] 5. provide backup power to tethered devices

[0017] It 1is a further object of this invention to
directly power a device or augment a power storage
component. in a device in conjunction with other power

harvesting technologies and storage elements.



storage conponents do not require replacenent, thus

enabling the device to be permanently placed off-grid,
wob@ca3i2o4 may be physically inpractical, costlBRCT/U82006/021940

dangerous (due to a harsh environment) to provide

mai nt enance. [0019] For devices on-grid (tethered) or

with reliable power sources, RF power harvesting can

be used as a backup in case the prinmary power source

i pobosy. BRiEEHhDERER! REHENORaddiEa SEYERAL s VIEEWe e dHE power
DRAW NG [ 0020] In the acconpanying draw ngs, the
pPEPERER] EFBBEMPERE 0fdQ henPhveAERYA Tand rRRkageRant,  thus

\’;ﬁ%ﬁ‘i’%?g 0 ZTPI}@Ctde%Il% the i Ig}ék e 1l oPﬁBE@HedofP—grld

Figure 1 1s a I agra an RF
F%@nerel—iarl\testmaqg bbee)ckphssdcablgl ramplryaqtu',m@lly povestly, or
$%Cbre DEVICG onent s.

d

Conp | ock .
SPERPOF arl e PosBr Far ViSthy BrockopRent) ® B provide

cRATHpEEahben Wi th a Power Regul ati on and/ or Power
Storage GCircuit. [0023] Figure 3 is a block diagram of
an RF Power Harvesting block in communication with a

tg&‘@igf{egu' AL Oy @/e%r CPIPVHJ.%O?{QQﬁepea?UIgg }jﬂﬂlsﬁgllable

supply power to re Devite nponent s
Fpguee éouscasbl@Ekp@m&qrmmnﬂéamlm§:dathertﬁ®®3a$n@ backup

bl ock in mruni,cation with a R?gukatlon and/ or
PbReFag?oggaepE}PEEVtpower source is

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[0020] In the accompanying drawings, the preferred
embodiment of the invention and preferred methods of

practicing the invention are illustrated in which:

[0021] Figure 1 1is a block diagram of an RF Power
Harvesting block used to directly supply power to Core

Device Components.

[0022] Figure 2 1s a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit.

[0023] Figure 3 1s a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit and used to supply power to

—6-



[0025] Figure 5 is a block diagram of an RF Power

Harvesting bl ock in comrunication with a Power
woe@alia®20on and/ or Power Storage Circuit and uBEHUS2H06/021940

supply power to Core Device Conponents. [0026] Figure

6 is a block diagramof an RF Power Harvesting bl ock

in communi cation with a Power Regul ati on and/ or Power

Storage Circuit and a Power Storage bl ock and used to

soppkyDpowee tempenenbevi ce Conponents. [0027] Figure
7 is a block diagramof an RF Power Harvesting bl ock
in communi cation with a Power Regul ati on and/ or Power

g_‘[@béﬂf G r@%(g[r@ndéla fovwer g %@9;%?%%9& [0P28] Rrp Power

igure”8 is a ock diagram of an wer rvesting
bHeckeshingmnimicdkatimnceihnacPoien Btlahage Bbwek. Regulation

[ 00 Fiqure i s_a block diagramof an RF Power
Hﬁpgggfi lﬁgWSFogﬁoFﬁgSohﬁﬁﬁP&ﬁti on with a Power Storage
bl ock and used to supply power to Core Device

Con‘gonents. 0030] Figure 10 is a bl ock diagram of an
REOPERér HafV@8EPng®blbtk & nPéerkunfeasrem wwih an RE Power

Pﬁ%%@ﬁﬂ};@tﬂg ]%QJEAOEOI%%&EC 95ﬂg%ighrfauiﬁow£90§éhalation

Figure diagram of an RF Power Harvesti
bbhodKoirn Rpmmintcataga GitrhudtPewsr Regdl &bi evupand/ gpower to

Egvver tor.age Crcuit and used to supply power to Core
PFEe PBBMFEnERTECNFE682] Figure 12 is a bl ock di agram

of an RF Power

[0026] Figure 6 1is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and

used to supply power to Core Device Components.

[0027] Figure 7 1is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit and a Power Storage block.

[0028] Figure 8 is a Dblock diagram of an RF Power
Harvesting block in communication with a Power Storage

block.

[0029] Figure 9 1s a block diagram of an RF Power
Harvesting block in communication with a Power Storage

block and used to supply power to Core Device Components.



Har vesting bl ock in comunication wth a Power

Regul ati on and/ or Power Storage Circuit and Power
wEt@easRobl ock. [0033] Figure 13 is a bl ock di Bgr/af2006/021940

an RF Power Harvesting block in communication with a

Power Regul ati on and/ or Power Storage Circuit. [0034]

Figure 14 is a block diagramof an RF Power Harvesti ng

bl ock in conmuni cation with a Power Regul ati on and/ or

Ppoeso Pt or agegGirecuid ard Rovsloddt odaggrhmockranth usgd Power
to supply power to Core Device Conponents. [0035] ,
Figtresisngs bd agkockd dr ey and et ae RELPBwer FeirslesRegglation

bggg EnPgQggugkggg'gnc 'EQ-@.Pomer Regul ati on and/ or
Pome?OStorage Circu?t a%% P%mer St orage bl ock and used

to supply power to Core Device Conponents. [0036]

Fi 16 i1 s,a bl ock, di,agram,of an RE_Power Harvest i

bFERT 1 coRiHPgati bn i (R & ver CREGAFTt | OF ot OF Power
Poywete St9h30®19JICUR abdnusSedat DoSURREY ROVWSwd® REEBlation

Devi ce Conponents. [0037] Figure 17 is a block diagram
ofNEAORF Bopiaer Heowede i RgrBratk ang cotRAINFeatsuew W tpewer to

a | at.j Lor Power Storage Crcuit and
P%%g%eE?gﬁggeé%hggEeﬁFSOBS] Fi gure 189is a bl ock

di agram of an RF Power Harvesting bl ock supplying

p 0 a Power Storage Charger., [0Q39] Figure 19 i

Bk ar agranrer oh A POrLISE vedadig b BEK =1 RF Powes
SHRRV¥ERENBOWAILJIO Bn PevenuSt 84806n Chat8era Power Regulation

and/or Power Storage Circuit and Power Storage block.

[0033] Figure 13 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit.

[0034] Figure 14 1is a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and Power Storage block and

used to supply power to Core Device Components.

[0035] Figure 15 1is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and Power Storage block and

used to supply power to Core Device Components.

[0036] Figure 16 1s a block diagram of an RF Power

-8



and the RF Power Harvesting block in communication

with a Power Storage block. [0040] Figure 20 is a
whb@el3tnagr am of an RF Power Harvesting bl ockPCT/US2006/021940

suppl yi ng power to a Power Storage Charger and Core

Devi ce Conponents. [0041] Figure 21 is a block diagram

of an RF Power Harvesting bl ock supplying power to a

Power Storage Charger and Core Devi ce Conponents and

t herREsPowgr piiaidkesin ngomh@skch bieOMyERhcat i st t Regulation
Pomer Storage bl ock. [0042] Figure 22 is a block
dRBEf 8k FPveY RIEPeRRS FAFGEsE] 3gblwisd i ho supply power to

C@W”bé@&b@”c%ﬁFnQnE’QV\Br Regul at i onand/ or Power
Storage Crcuit 0043] Figure 23 is a bl ock diagram

of an RF Power Harvesting block in communication with

Regul at d/.or P Ci r cui.t
OBEAT] i qur 0368 TR Bock df Ky AmOP CARTRE Poi RF Povwer

Hagyesbtnggblueek niosvrpheataoiom hth RBoWeswer Regulation
Regul ati on and/ or Power Storage Circuit and a Power

s@aﬁéaé BPBEK. Stesaspe Figarét2snfisPaverogkonpagr arpPek-

an RF Power Harvesting bl ock in comrunication with a

Power Regul ati on and/or Power Storage Circuit and used

t 0088ppl y pewgrreo Tdr 6 sDewi cel @onparienrsin [ 00464n RF  Power

Fi bl ock di f RF P Ha
Lk E O | SR i PRI el i T onSaF or Storage

PowekgStorage CGircuit.

[0039] Figure 19 is a block diagram of an RF Power
Harvesting block supplying power to a Power Storage Charger
and the RF Power Harvesting block in communication with a

Power Storage block.

[0040] Figure 20 is a block diagram of an RF Power
Harvesting block supplying power to a Power Storage Charger

and Core Device Components.

[0041] Figure 21 i1s a block diagram of an RF Power
Harvesting block supplying power to a Power Storage Charger
and Core Device Components and the RF Power Harvesting

block in communication with a Power Storage block.

[0042] Figure 22 is a block diagram of an RF Power

Harvesting block in communication with a Power Regulation
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[0047] Figure 27 is a block diagramof an RF Power

Harvesting bl ock in comrunication with a Power
w®Re@aha®2oon and/ or Power Storage Circuit and aP@Dws2006/021940

St orage bl ock. [0048] Figure 28 is a bl ock diagram of

an RF Power Harvesting block in communication with a

Power Regul ati on and/or Power Storage Circuit and the

RF Power Harvesting bl ock supplying power to Core

DeNdger Connenepts-h9848) rEhgtre 29 is a bl ock diagram

of an RF Power Harvesting block in conmunication with

a Power Regul ation and/or Power Storage Circuit.

ngégl’.] .Fi gugﬁ ége! S kllsoclé Bgham Sf g%g RFOEOV\A‘:}{ RF Power
rvesting 8ck®i i comtuni cation witha Power
Regutrast dongamndoark Fawetoston aget L cwithard Rower Regulation

StorZ%e bl ock and used to sugply power to Core Device
COMPORENESEF0052F2EP gt EC92 1 s a bl ock di agram of an

RF Power Harvesting block in conmunication with a

Power Regul ati on and/or Power Storage Circuit and a

POQRA4L Bt or afegbreckid [ 6652 "RMkpgle Zlagsazm bpbéckan RE  Power

dj a F.. Power ' | ock,.i .
CABLAT. Shooh B e HREELLR D 05K poyey Reguiaion
Stndage Cbweui stapdgusedrtaisupptiyappveer Coterbawi beock.
Conponents. [0053] Figure 33 is a block diagram of an

RF Power Harvesting block in communication with a
PewBhsRegul at japeansly or; Poyery, I OF agr Girseli brankh ary  power
Power Storage bl ock and used to supply power to Core
Dégirzestonpomadmak in communication with a Power Regulation
and/or Power Storage Circuit and used to supply power to

Core Device Components.

fo046] Figure 26 1s a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit.

[0047] Figure 27 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit and a Power Storage block.

[0048] Figure 28 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circult and the RF Power Harvesting

block supplying power to Core Device Components.
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[0054] Figure 34 is a block diagram of an RF Power

Harvesting bl ock in comrunication with a Power
woe@ahza2on and/ or Power Storage Circuit and aP®Dus2006/021940

St orage bl ock. [0055] Figure 35 is a block diagram of

an RF Power Harvesting block in comunication with a

Power Regul ati on and/ or Power Storage Crcuit and used

to supply power to Core Device Conponents. [0056]

F[gore]36 i sigubkocko diiagr amisfodin BEa@Q\Aﬁf biér vest IRkg Power
bl ock i n conmunicatjon with a Power gul ati on and/ or
P%%VeéFépgg?l@Cr]%Lﬂ SRR PeRe} OBt B Be | ke mngegulation

U§§Q/59 %9@!&3@9%54 e;EapgrDevi ce Conponents. [0057]
Figure 37 is a block diagramof an RF Power Harvesting

bl ock in communication with a Power Regulation and/or

P G d a Po S bl ock and
LLE5eD L oRtatiEoid AN 2 Bl S e S8 fhody Power

Fligutres88nbs ra JJxockn diaghani et asn R iavwer M&I}élﬁskleﬁglatlon
bl ock in _communi cation with a Power Regul ati on and/or

PBRREY OBt GOl CFRetRee afdrGdd S uPPY9T pSkerads ablock and
Poueg §50§ag§1g@%@,@& ££08R2L FLgyEe égmipérl@n@ls(.mk

di agram o ower Harvesting bl ock
cormunl cat| on with a Power Regul ati on and/ or Power

uit and sed to aver to a_Power
gpggi Cha gerre %)gO]lsFi ﬁurs%fgl#l EHEGekOGi ayf ait  Fover
Of{a@ﬂeBElngV\@ﬂdd’kr vESt £8gmih 06Kt i Bn C@ARLNILapbw&r WREBulation

a Power Regul ation
and/or Power Storage Circuit and a Power Storage block.

[0052] Figure 32 is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and used to supply power Core

Device Components.

[0053] Figure 33 1is a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and

used to supply power to Core Device Components.

[0054] Figure 34 is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation

and/or Power Storage Circuit and a Power Storage block.

[0055] Figure 35 1s a block diagram of an RF Power
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and/ or Power Storage Circuit and a Power Storage bl ock
and used to supply power to the Power Storage

w@haesgs204 0061] Figure 41 is a bl ock di agram oPCEHOSHP6/021940
Power Harvesting block in comunication with a Power
Regul ati on and/or Power Storage Crcuit and used to
supply power to Core Device Conponents and used to
supply power to a Power Storage Charger. [0062] Figure

4 Rairsea thinac ko b @lgr am ebmannREaPawar wHamvest pegebl @elgulation
in communi cation wth a Power Regulation and/or Power

SPOFAQE PR t ShRGCESeF I W ippine pides 6 SURRKY Power to

St@ﬁ;@g@eqi@reg@omp[oql@@?ﬂsfi gure 43 is a block diagram
of an RF Power Harvesting block in comunication with

a Power Regul ation and/or Power Storage Circuit and a

P = St ora | ock,and, used supply. power to a
Pg%rs@toragg rz%rg%r%. dj[%o&&@?ﬁﬁreé%ﬁ?asmaoﬁogﬂ RE Power

diHagvemtdhgarb RiclPoier cHamvastafgohl agkh fa Power Regulation
communi cation with a Power Regul ati on_and/ or Power

SEBFEGE EFES 5 tRTR I & RIE Poner"Hat vBRYERgShPseRe block and

SURRLY B0 SRR ¢ Dewiree n sed to
suppl% pofe%\ﬁ?g tg%gg\%rer og?})sf%gg%%%ggg?@[o%%%g Fi gure

45 is a bl ock diagram of an RF Power Harvesting bl ock

i ni cat.i on. W a. Power, Regul at.i on and/ Po

S[Egpg’ggua r%IL:ILi(-]Ituraendgzseldgt5l sﬁgﬁ% pcifv%qr‘?% g%rPoﬁBr ¥ Power
Stierage tChar gecd0066] cbingunec46ibs aifrock dbr@bamelfulation
an RF Power Harvesting bl ock in comrunication with a
Pé@@/ogeﬁmwﬁﬁ(ﬁ;orage Circuit and a Power Storage block and

used to supply power to Core Device Components.

[0058] Figure 38 1is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and used to supply power to a

Power Storage Charger.

[0059] Figure 39 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and used to supply power to a

Power Storage Charger.

[0060] Figure 40 is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and

used to supply power to the Power Storage Charger.
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and/ or Power Storage Circuit and a Power Storage bl ock

and used to supply power to Core Device Conponents and
wais@d/13206uppl y power to a Power Storage Char geeT/US2006/021940

[0067] Figure 47 is a block diagram of an RF Power

Harvesting bl ock in comunication wth a Power

Regul ati on and/ or Power Storage Circuit and a Power

St orage bl ock and used to supply power to a Power

Storage Charger. [0068] Figure 48 is a bl ock diagram

of an RF Power Harvesting block in comunication with

a [PORdd Reglligtitén 4hd/¥? PowktoSkordHgeom@n cgift and RF  Power

ugedQ +S 4 'a/l&&we{no%ﬁmgg%g%igﬁmﬁ%nts ?g‘g%g]s%%gulation

to supply power to a Power Storage Charger
Fegarerd®owea Btockgdi agramiaf an REs@®dweo Harvelst i pgwer to

bl.ock in co ication with a Power Requl ati on and/ or
PERSE ST de CETRAHT dh i PHYRT &0 oF QoL bl BERSANgO @ Power
usedriheesupRlryepower to Core Device Conponents and

used to supply power to a Power Storage Charger.
[0070] Figure 50 is a block diagramof an RF Power

0Yeshi N Bliack.d nysomunicat i 9oy Wiy r
gggul At on andlor Power Gt or a%ieg%kr c%ﬁ%&a{ngm?f%%r RE  Power
StHarage thingc ko laawk usedcbomsupphbyipowerittho @ Power Regulation

St or,age arger,.J] 0071 igure 51 is a block diagram of
S H R ety G et oS | SHPaRY pogver to a
Powek rReguralgeonhandler. Power Storage Grcuit and used

to supply power to Core Device Conponents and used to
supply power to a Power

[0063] Figure 43 is a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and

used to supply power to a Power Storage Charger.

[0064] Figure 44 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and the RF Power Harvesting
block supplying power to Core Device Components and used to

supply power to a Power Storage Charger.

[0065] Figure 45 is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and used to supply power to a

Power Storage Charger.
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Storage Charger. [0072] Figure 52 is a bl ock diagram

of an RF Power Harvesting block in conmmunication with
w@2Moms20Regul ati on and/ or Power Storage G rcuPCT/HSIH0&021940
Power Storage bl ock and used to supply power to Core

Devi ce Conponents and used to supply power to a Power

St orage Charger. [0073] Figure 53 is a block diagram

of an RF Power Harvesting block in comunication with
a[Pose] Reg@tigtiren aad/ioy BoweIlo&k OrHGR rG@nt CUift &nd FF Power
Power St orage bl ock, and used to supply power to Core .
DEG I ¥ESEARFoMBME ahyy ag%u%c%bﬁnywaé A t po¥e pofRegulation

Sgaaa% ehagers .0 ol aune a1 s ﬁoxpéf’cgtgké?éaglock and

an RF Power Harvesting bl ock using Antenna A

dusedt fty swmply pmmar tt> Chree Dewv tee Compoomeniss and used to
ure a bl ogk di a%\rggaof an RF Power

00751 Fi
LSRORLYT REVERoZp Bermythnctaiath ERtsiry Soner o

Power Regul at i on Storage and/or Storage Charging
bI ock. [007§j gure 56 is a bl ock diagramof an RF
P&RQP THar ve tlfJHfﬁebI bEk iifsi Ag RRe@RnAIRFETSUpS| yapoddy Power

t 8-2yEAwenRegulali o, g%ﬁﬁﬁﬁ?cﬁegé%bw§%%é%?§%g@§£gkggulatlon

bl ock and Used to supply power to
C@rrpdnentPsvwe[rO(SIﬂra@egmHCEM‘q siral b oedwelr afranagé hhock and

PGTER T8 CoPb el i CopanER'SS POBTEYCFLaarBcE S i s

a bl ock di agram of an RF Power

[0068] Figure 48 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and used to supply power Core
Device Components and used to supply power to a Power

Storage Charger.

[0069] Figure 49 1is a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and
used to supply power to Core Device Components and used to

supply power to a Power Storage Charger.

[0070] Figure 50 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and

used to supply power to a Power Storage Charger.
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Harvesting bl ock used to supply power to a Power
Regul ati on, Storage and/or Storage Charging bl ock.

WO 0®8933264 gure 59 is a bl ock diagram of an RF ROIES2006/021940
Harvesting bl ock used to supply power to a Power
Regul ati on, Storage and/or Storage Charging bl ock and
used to supply power to Core Device Conponents. [0080]
Figure 60 is a block diagram of an RF Power Harvesting

bllook1gsed tagdireectly isppl yopover diadeeme BEVi&e RF Power
Conponents. [0081] Figure 61 is a block diagram of an .
RE2PI®EF- LAY Ghhglbl 6eRMUBEA2E SO MéEN 2 sEPPEy Regulation
PAWRY of-0 KRFE: DeVh £8, COFRORERES L 0o §OWPUN, LAt

mﬁth/gn AIternat?ve %%3er %ggﬁces I%%i& Fggg%?ﬁ%ﬁgg?%wer to
62oirs dehlioek Gimpgpremtef zamvl RERbwer Hapwkstpogebl bocka Power

iE conmuni. ation with an Alternative Power Sources

b 58§a§ﬁd §&6d°t o directly supply power to CoreDevice
Conmponents. [0083] Figure 63 is a block diagramof an

RF Power Harvesting bl ock in comunication with an
ALP8TRAt | ve FPOWER Sodr des Bl dekockooBgomEmupé 6anj R Power

bk—lgcﬁ%egitﬁg.ba'ﬁlqc]ﬁniIBchﬁfﬁﬁﬁiE@f:YSﬁt m@gblaocisoévgr /Relgulation
communi catrron wt a Power egul at1 on, { Or age and/ o
Stoddge Chargi rig ddagek.Ci0GO85] FHidyur ePGber sSaobbgekblock and

di agram of an .RF Power Haryesti block in
R W, P PO REGUPSTTBR, ComPonents and used to

supply power to a Power Storage Charger.

[0073] Figure 53 1is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation
and/or Power Storage Circuit and a Power Storage block and
used to supply power to Core Device Components and used to

supply power to a Power Storage Charger.

[0074] Figure 54 i1s a block diagram of an RF Power
Harvesting block using Antenna A to directly supply power

to Core Device Components.

[0075] Figure 55 1s a block diagram of an RF Power
Harvesting block using Antenna A to supply power to a Power

Regulation, Storage and/or Storage Charging block.

[0076] Figure 56 1is a block diagram of an RF Power

Harvesting block using Antenna A to supply power to a Power
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St orage and/or Storage Charging bl ock. [0086] Figure
66 is a block diagramof an RF Power Harvesting bl ock

WO poocsazi cati on wWith a Power Regul ation, St oPEQES2006/021940
and/ or Storage Charging block and an Alternative Power
Sources bl ock. [0087] Figure 67 is a block diagram of
an RF Power Harvesting block in conmmunication with a
Power Regul ation, Storage and/or Storage Charging

blR@@klla[t&@&S] Fapterge 6hd son btockgdi egaaging BNoBE and used
wer Harvestin | ock in _communication wth a Power

R QUISEPPIY, PSFSTade &vdFoPe3icraGeTOREEFIEAg bl ock and

an Alternative Power Sources block.[0089] Figure 69 is

a bl ock diagram of an RF Power Harvesting block in

cd@®Udilcat i diowireh an Als eenablvekPolierg:rSour o€s dhodkk Power

a P r ulation, . Storage and/or Storage

Cﬁ%rrgieﬁg gosggofg J61°Fi §r eT7E° ?E{% STEER Vi 88W§ﬁ1 gfc Core
abeRE cRowempkdakeyest.i ng bl ock in communi cation with an

Al ternative Power Sources bl ock and a Power

Regul ati on, Storage and/or Storage Chargi ng bl ock

[Q@%ﬁh]F|gU@§gE¥e'55§ bl ocl db?@&ﬁmdﬂ1§¥5ﬁ¥: RF Power

Harvesting bl ock in communication withan Alter nat ive
PO esStdnges bl ok, PG@QZ]tEIQU$@pﬁDYISpawkaCHI> a Power

R AR N KT

[0079] Figure 59 is a block diagram of an RF Power
Harvesting ©block wused to supply power to a Power
Regulation, Storage and/or Storage Charging block and used

to supply power to Core Device Components.

[0080] Figure 60 is a block diagram of an RF Power
Harvesting block used to directly supply power to Core

Device Components.

[0081] Figure 61 is a block diagram of an RF Power
Harvesting block used to directly supply power to Core
Device Components and in communication with an Alternative

Power Sources block.

[0082] Figure 62 1is a block diagram of an RF Power
Harvesting block in communication with an Alternative Power

Sources block and used to directly supply power to Core

~-16-



Sources bl ock. [0093] Figure 73 is a bl ock diagram of
an RF Power Harvesting block in conmmunication with an
waQ\baoenseevd ve Power Sources bl ock. [0094] Fi gurBCT76S1086/621940

bl ock di agram of an RF Power Harvesting block used to
supply power to Core Device Conponents . [0095] Figure

75 is a block diagramof an RF Power Harvesting bl ock
used to supply power to Core DeviceConponents . [0096]
Fb&yi € 76chsoAeht 8¢k di agram of an RF Power Harvesting

bl ock used to supply power to Core Device Conponents

and in communi cation with an Alternative Power Sources

b [ 009 L.gures 77 J s.a b Is of ra F
Pt§g§3lbrveg%?ﬁggblg%kzﬁse% f%‘gﬁgpﬁ§%%%%@1 %g %gﬁeRF Fower
DezrecestConponkoty in[ 66@8hnFcguien78itls anbAbt&rnative Power
diagran1of an. RF Power Harvesting bl ock used to supply
poREFCEd BLPEXPevi ce Conponents and in communi cati on

with an Alternative Power Sources block. [0099] Figure

79 is a block diagramof an RF Power Harvesting bl ock
u@e8ed suppligupeweds t d sCore DeGlee dCoFeHen®E &l RY Power

CRIMYDLEaLLoR 1 Wi ;8N AdRINALMR PR, SPUBGES: PROGK I at 10on,

Storage and/or Storage Charging block.

[0085] Figure 65 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation,

Storage and/or Storage Charging block.

[0086] Figure 66 1s a Dblock diagram of an RF Power
Harvesting block in communication with a Power Regulation,
Storage and/or Storage Charging block and an Alternative

Power Sources block.

[0087] Figure 67 1s a block diagram of an RF Power
Harvesting block in communication with a Power Regulation,

Storage and/or Storage Charging block.

[0088] Figure 68 1is a block diagram of an RF Power
Harvesting block in communication with a Power Regulation,
Storage and/or Storage Charging block and an Alternative

Power Sources block.
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[0100] Figure 80 is a block diagramof an RF Power
Harvesting bl ock used to supply power to Core Device

w@wpasEm s and in comruni cation with an AlterPEI/USE06/021940

Power Sources . [0101] Figure 81 is a bl ock diagram of
an RF Power Harvesting bl ock used to supply power to
Core Devi ceConponents and in conmunication with a
Power Regul ation, Storage and/or Storage Charging

bHOOBQ][OlOZthE@ure9821iSaa bl oeck dhﬁgﬁ&mlobfammRFRF Power
Power F%ﬁves bl,ock used to sup pover to Core,
DG SEARFoRRAT 45 CPRREBARGHLER, Foh PPEhPdPaRERLve Power

Reguh-atisony18Ler agegand/ o ra b
[010§] EIQU}GE§3 %gda %Io%ﬁ§%?ag?§%§g?Egbﬁ EQB%age and/ox

H§¢@é§gﬁn§hﬁﬁagmgu§é@0$o supply power to Core Device
Conponents and in comuni cation with a Power
Regul ation, Storage and/or Storage Charging bl ock and

anmoAbogr nat ineulever 0 Say cas bloek. Jdid4Hm Fogurgn84kr power
is a block diagramof an RF Power Fbrvestln% bl ock
ubedvES teBpPy Cpbuer COMEHRE CBEYPRe VESRpaRentscangtiife Power

capnupigat t Powe ul rag
StoraSE%Chgggfﬁg %Fgck% [%f@ ? ﬁ%ggga§§59 %t@@gﬁ and/or

d5§QKQQﬁoﬂhangFgPQWQpkHarvest|ng bl ock used to supply
power to Core Device Conponents and in conmmuni cation
with a Power Regul ation, Storage and/or Storage

Chaogiing bl gelyuard an Ald eanaply€k diagram of an RF Power
Harvesting block in communication with an Alternative Power

Sources block.

[0092] Figure 72 is a block diagram of an RF Power
Harvesting block in communication with an Alternative Power

Sources block.

[0093] Figure 73 1is a block diagram of an RF Power
Harvesting block in communication with an Alternative Power

Sources block.

[0094] Figure 74 1s a Dblock diagram of an RF Power
Harvesting block wused to supply power to Core Device

Components.

[0095] Figure 75 1is a block diagram of an RF Power

Harvesting block wused to supply power to Core Device
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Power Sources bl ock. [0106] Figure 86 is a block
di agram of an RF Power Harvesting bl ock used to supply

w@owen3x2o+ Core Devi ce Conponents and i n conmunPCHUSIN6/021940

with an Alternative Power Sources block and a Power
Regul ati on, Storage and/or Storage Chargi ng bl ock.
[0107] Figure 87 is a block diagramof an RF Power
Harvesting bl ock used to supply power to Core Device
sgand in conmunication with an Alternative
Power Sources bl ock and a Power Regul ation, Storage
and/ or Storage Charging block. [0108] Figure 88 is a

L&&&s 'agfgg%,ggea%eng re, pg cxéyagsgkgar 5? an RF Power

vite. [01 gure i 3 a ock ram of a power
hias yess$ t tgg bl letkc s atsdd SMppbwppdwerpbWea cbpe deveceDevice

havi ng a sensor.. 0110 Figure, 90 is bl o di agr.am
oFOBPHBHRE S haPfed %WQE%??E&RPtBlEEp Gyf Power

COLErdEYi KE€-RBRYVI NY a conput er peri pheral . DETAILED
DESCRI PTI ON OF THE | NVENTI ON [0111] A conplete

under st andi ng of the invention will be obtained from

t | ow cripti.qn e nneet i

mﬁ?%g?L acgg gg%yftg %am¥ﬂ3£¥&ﬁ§r§§ %ﬁ%&ei§f|f%g RE FPower
redevesténghabacter suseentid y dupgd ypaposietthr toghGute Device
[0112] There is shown an apparatus 10 for

a%%%@??%%??on The apparatus 10 conprises a core

devi ce 22

[0098] Figure 78 1s a block diagram of an RF Power
Harvesting block used to supply power to Core Device
Components and in communication with an Alternative Power

Sources block.

[0099] Figure 79 1s a block diagram of an RF Power
Harvesting block wused to supply power to Core Device
Components and in communication with an Alternative Power

Sources block.

[0100] Figure 80 1s a block diagram of an RF Power
Harvesting block used to supply power to Core Device
Components and in communication with an Alternative Power

Sources.

[0101] Figure 81 is a block diagram of an RE Power

Harvesting Dblock used to supply power to Core Device
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preferably having an integrated circuit 36 for the
application. The apparatus 10 conprises a power

whasoeesesr 20 connected to the core device 22 POI/pse6/021940

the core device 22. [0113] The apparatus 10 preferably
i ncludes an alternative power source 24 connected to
the core device 22 to power the core device 22 in
conjunction with the power harvester 20. Preferably,

t 88mpBRanBEUSNED iMckudasnd cheweh reott akorrAfr@n@éghlation,
power storagi circuit 28 connected to the power
/O

hakossger apg/orhétappaeatoeradngrieteekbl y i ncl udes a

power storage charger 30 connected to the power

harvester 20. Preferably, the apparatus 10 includes a
pOORD2%t or afbgupaned? ed st oat el ponedibareest ef 2(h RF Power

[0114 r ef er abl the core device 22 includes a ,
nﬁﬁﬁV%sgéngon?£%¥%d T%P%hé“?nﬁ%&%’bédPGWF€Ui °36CqRg Device
t @ohPEnBAVE! NRT VESt @bmAdinti @aRQWer e MBNF3e36. Requlation,
[0115] The core device 22 can include a sensor 32, as

shbunaba fngdpe 89orFhe Skaseing2biankincl ude a

proximty sensor, an intrusion sensor, an

envi ronnental sensor, a chenical sensor, a biologica

SE0X0B] a sehngarei MBTortsach Vldrlan dduigormbi b€, aan RF Power
occupancy sensor, a notion sensor, a position sensor, .
aﬁﬁﬁ ﬁﬁtgggec?g??koruﬁegeﬁ§br?ﬁ?ﬁ%ycéﬁWﬁﬁi Wit hCgRe Device
atbﬁﬁ@ﬁéntzh%uﬁﬁn§@rc%%m@@ﬁchQQb%dam@nalarmkggnneﬁé@qlation,
to the power harvester 20 to power the

Storage and/or Storage Charging block and an Alternative

Power Sources block.

[0104] Figure 84 is a block diagram of an RF Power
Harvesting block used to supply power to Core Device
Components and in communication with a Power Regulation,

Storage and/or Storage Charging block.

[0105] Figure 85 1is a Dblock diagram of an RF Power
Harvesting block wused to supply power to Core Device
Components and in communication with a Power Regulation,
Storage and/or Storage Charging block and an Alternative

Power Sources block.

[0106] Figure 86 1s a block diagram of an RF Power
Harvesting block used to supply power to Core Device

Components and in communication with an Alternative Power

~20-



alarm a display connected to the power harvester 20
to power the display, a sensor 32 disposed in a

wheiobdsazgs an i ndustrial automati on sensor, a BENES008R21940
in contact with an el evator, a tenperature sensor, a
fire sensor, or an acceleroneter . [0116] The sensor
32 can include a | evel sensor, a gas |evel sensor, a
fluid | evel sensor, a light |evel sensor. The sensor
38caaBeknchudeka khaw sensewera gagulhewosensgtorage and/or
fluid flow sensor, a light flow sensor, or a plasma
f PBRra8RsEParILDI1PLOFke sensor 32 can include a
pressure sensor, a gas pressure sensor, a fluid
pressure sensor, a light sensor, an infrared |ight
s€nEor] an Blignaei od3'et id ght skrslor diaynesr agfsemsoRE  Power
a cosnig.ray Bgnsgr, a %isible | i ght sensor, ,a ggnna Devi
rHPTER5OPY aPSPFéssteRNsor® &gl n P&edor FOa ¢8pfn Device
sepmpbneftsamnel eat r t6@huehasaLhber wSthC SEBDferdHAIBE Power
The sensor 32 includes a voltage sensor, a current

sefsBFEesSa Pileeksi fPdsefsoFOval aRBOYtPEaPRsenSbprage and/or
sggggaggnéggrg§nbi5gggkng sensor, a thickness sensor,
a 0

ensrty sensor, a surface quality sensor, a volune
sensor, a physical sensor, a mass sensor, a weight

aduct i vity. i st
SEBEBY PooRISHER! YL 1 £o0oREncR AL SRNGe SENS0TenBle pover
sepseem3Zoganhkngkideca radi oactivity sensor,

[0109] Figure 89 is a Dblock diagram of a power
harvesting block used to supply power to a core device

having a sensor.

[0110] Figure 90 is a Dblock diagram of a power
harvesting block used to supply power to a core device

having a computer peripheral.
DETAILED DESCRIPTION OF THE INVENTION

[0111] A complete understanding of the invention will be
obtained from the following description when taken in
connection with the accompanying drawing figures wherein

like reference characters identify like parts throughout.

[0112] There is shown an apparatus 10 for an
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a field strength sensor, an electric field sensor or a

magnetic field sensor, a snoke detector, a carbon
worwensxted det ector, a radon detector, an air QgREl/U$23006/021940

sensor, a humdity sensor, a glass breakage sensor, or

a break beam detector. The sensor can include a

thermal energy sensor, an el ectromagnetic sensor, a

nmechani cal sensor, an optical sensor, a radiation

SEPSPL cafli S8NSOMHeN LUl UM L oMEPisLE, aOlcRe device 22

sensor 32 in contact with a water craft. [0120] The

ppesearabhvenhipganger tadi nsitleegrptegpar aiisuid f &0 arfor the

a ' ' Th p 0 -Go ' r [

PBRLERRE S | neLErBRLR LR AR S S fifrvestex

appl tcaheonedThe appacatasdddiceond? i sespoeansthercore device

recei ving energy wirelessly and providing power from

t %‘energy to the core device 22 to power the

integrated circuit 36 of the core device 22. The

receiving nmeans i s connected to the core device 22.

PL@1L&BADbI y, Thhe cepepadebiee 2R0i nchudésrakins fopcludes  an

S ' 012 e ng , i j pertajns a :

et Roa 5t an Rt Barron Hn RO C e PhEegb Py aerice 22

steppoatrcameerdomy REvEDer gy int cougablot iemengyth the power

There is the step of preferably powering an integrated
CPREUEPESE AVt he BOPECHEVIGe 57 CRPFABLHSaG includes a

epeiay- [RL2dhtBref er@bl ynqpberepbgethe AR circuit 28
regul ati ng 't heusabl e energy provided to the core
devnpeckad Tiwer &hes prwser ablryesiherstep. of Theriampadedus 10

ug%gkgrggf§thcludes a power storage charger 30 connected to

the power harvester 20. Preferably, the apparatus 10
includes a power storage connected to the power harvester

20.

[0114] Preferably, the core device 22 includes a memory
38 connected to the integrated circuit 36 and to the power

harvester 20 to power the memory 36.

[0115] The core device 22 can include a sensor 32, as
shown in figure 89. The sensor 32 can include a proximity
sensor, an intrusion sensor, an environmental sensor, a
chemical sensor, a biological sensor, a sensor in contact
with an automobile, an occupancy sensor, a motion sensor, a
position sensor, a metal detector, or a sensor 32 in

contact with an aircraft. The sensor 32 can include an
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Preferably, there is the step of providing power to
the core device 22 froman alternative power source 2
W@ 2006/18204 uncti on wWith the usabl e energy. [012BJT/US2006/021940
Alternatively, the core device 22 can include a
conmput er peripheral 34, as shown in figure 90. The
conput er peripheral 34 can include a handheld gane, a
gam ng system a ganme controller, a controller, a
keyhboar dcomnavtse, ta conputivdrer fhRkstE68NMIAY €ko power the
s%gra e, or gonputer equipnent . [0124] The present
i Avertt on c &Sk aVnﬁFEﬂ%ﬂ% i Rondi& ob_weky slarvgster 20 to
npaher afhd hesgpuays arsedeplcied dikddd % 13 98ui1ding, an

These figures contain nultiple blocks that are
coRFighréali muhanatslan wesmssof 01255ehgorh@ i gur esntant with

I h i
T e ST - Rttt T T RP P bis o bt ESont gy oF an

t hecpdwepmiesefl.om ng from one bl ock to another. The
si ngl e-headed arrow may represent nultiple wires that
provi de power fromone block to nmultiple parts in the

0Hb§ﬂ6@|QCkThEWQ%m%$¥“hit&ﬁh“@ﬁ%lé&ép@ﬁJkﬁ@ﬁ?%%ﬁsé&, a gas
single wre that can have power flow in either

di-PEELi Grensotula | pleld Legebasknhaving povert flevelnsensor.
i S R R L IR ol

arrow en OWer ~“har vesti ( _
pewgi udegullati ern2®rand arigymell st ageot) réxi 4 gl8sma flow
bgggéogan represent a single wire

[0117] The sensor 32 can include a pressure sensor, a
gas pressure sensor, a fluid pressure sensor, a light
sensor, an infrared light sensor, an ultraviolet 1light
sensor, an x-ray sensor, a cosmic ray sensor, a visible
light sensor, a gamma ray sensor, a stress sensor, a strain
sensor, a depth sensor, or an electrical characteristic

sensor.

[0118] The sensor 32 includes a voltage sensor, a
current sensor, a viscosity sensor, an acoustical sensor, a
sound sensor, a listening sensor, a thickness sensor, a
density sensor, a surface quality sensor, a volume sensor,
a physical sensor, a mass sensor, a weight sensor, a
conductivity sensor, a distance sensor, an orientation

sensor, or a vibration sensor.
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that allows harvested power to flow into a storage

devi ce such as a capacitor. The sane bl ock di agram can
wW@bk®o/18pf esent two wires between the two bl oCRGT/WE1006/021940

the first wire allow ng harvested power to flowinto a

vol tage regul ator 26. The second wire can allow the

regul ated voltage to feedback to the RF power

harvesting 20 bl ock to provi de power to internal

conmponents such as transistors to increase the

performance of the RF power harvesting 20 bl ock,

[b‘ilz#?] EachTHE oBRNFQT dg%c??%e%f“?%u‘él%t%l Yagipawiihen sensor,

bé"@iél%“@%f@ﬁé}c%heséﬂ%'OQﬁl'élye %I@gglée'%sor or a

assocl ated wt For instance e RF power
haatylestmngSldl seksdescri oo ke piwmc‘dmr,v%tceacrlz@; monoxide
and thﬁ govver | at |C¥)r]C GC and/ Qr. power st gr a g

TTETTEC28 bf oc 88crihes arﬁom&n rgé’ﬁfl ati8f+26Yang®g%°rr @

POWRL d 5t pr agasoil, Cui tgl%t?ss [@ﬂé‘@l}a@vmﬁssﬁowr SIStk beam
Bl ock %8129 The devi ce's pawer st em bl ock i ncl udes

a‘P“Ft%‘é Bnent 8£cSEES LT FaFe daicr povRma heS kg L eSensor,
e?éQE%oﬂQ?nbEEEUQ%nQBrRFap rc\éq_stéer}gg@p, an optical
b ock power regul ation 26 an or power storage

cwnswr 2& bkedkataopowsnssinr age $wek; and/oenact with a
PRI TLYT 0o Chenoet IDLecio el chspussed below v
pomer harvesting 20 bl ock is connected to
[0120] The present invention pertains to an apparatus 10
for an application. The apparatus 10 comprises a core
device 22 having an i1ntegrated «circuit 36 for the
application. The apparatus 10 comprises means for
receiving energy wirelessly and providing power from the
energy to the core device 22 to power the integrated
circuit 36 of the core device 22. The receiving means 1is
connected to the core device 22. Preferably, the core

device 22 includes means for sensing.

[0121] The present invention pertains to a method for an
application. The method comprises the steps of converting
RF energy into wusable energy. There 1is the step of
preferably powering an integrated circuit 36 of the core

device 22 with the usable energy.

[0122] Preferably, there is the step of regulating the

-



an antenna. The antenna may or may not be used as the

communi cations antenna for the core device 22
w@owposee s. The RF power harvesting 20 bl ock PEI/USE®A6/021940

to convert the energy captured by the antenna into

usabl e power, such as direct current (DC) voltage.

[0132] This block may include antenna matching,

rectifying circuitry, voltage transformng circuitry,

amgélsleOtea%rrg@er;BwW opt itHZ i BGré&i Hewlitey. zzT he There is
rectify f circuitry may include a diode (s),
Y

t@é‘ﬁ%@%@}é (s)the orstsemre @@fherStrCé’cJtI}gwh@ede\HS@éﬂ@r energy.

c es, 0 he

oEPEaE i S Rt hal e Y Pigg o o Ene
a:ndraoldagie:mloaﬁl I igomi raqui aéte@:maﬁ?n]veThpomelr pwowfce 24 in
the RF gower vestlnﬂ Zg bl ock is a DC vol tage or
COPFERRECEHAR RECPohRE RAPREStFRGTYY: bl ock may accept
feedback (or input) fromother circuitry or bl ocks,

whi ch may be used to control the harvesting circuitry
tbolaréi ove Rheepertdvahricetde wane tdevibeg pde. Cpmi sinclude a

??g@%gr ek?%ﬁ€95r0n1{ E QOtI%%ﬂ}tQ%.t%ig%rgc 90. The

ge or he Cor & devi ce 22
COﬁmpﬁEGtS P& BdieRal ertd #ﬁaﬁlslﬂaﬂu@Elgmrmaﬂﬂhelm game, a

12a, . 12b, 13, 14 i ncor po by referenc
SO ABETRRE. ok TS BR L BE L DBhor S HESUEShGY, & Reyboard,

Chr 8YLES, tHanfﬁgﬂtQE yeedih91i mebR Rﬁﬁﬂértbeobhg@k 8ndcomputer
function’ descri [ 0135] Power egul ation 2 and/ or

Pedrip8enFrage Circuit

[0124] The present invention can be implemented in
numerous ways. A number of these ways are depicted in
Figures 1-90. These figures contain multiple blocks that

are configured in multiple ways.

[0125] In the figures, an arrow represents the flow of
power unless otherwise stated. Single-headed (one-way)
arrows represent that the power is flowing from one block
to another. The single-headed arrow may represent multiple
wires that provide power from one block to multiple parts
in the other block. Two—-headed (two-way) arrows represent
a single wire that can have power flow in either direction
or multiple wires each having power flow in a single

direction.
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28 Block [0136] It may be necessary to regul ate the
converted power (i.e., hold the power at a constant

wo ewel133200r specific devices. The devi ces thatP@DUBZN06/021940
need this block require a fairly constant vol tage or
current. Deviations fromthe required val ues may cause
the device to not performwithin its specifications.
[0137] The regul ation can be inplenmented i n nmany
difbfiesgnt ways.anThexiherk, can the-asasiclPla @8 UséfBedn an RF
Zener diode, or as conplicated as using an integrated
cPP¥EITt Negaiesds g 19thdakool aged rieguieht 5RIRGabEoOn 26 and/or

S%’%%Ei%@o&%g%@ Of 26 105 hol gt he, o a . ,
constant |eve .QFOf%%?:é%%talﬁk%eg?%egéﬁggaéétn%rSlngle wire
t shetallld penerareepiednpover Fop tfhese idevd cesstbhege device

requl ati on stage may be excluded. [0139] .Thi.s bl ock
nﬁ%céls%siﬁ%lﬁ%gécﬁ¥9ﬁ‘or {'thotl m%h %f%ﬂhlgfﬁgﬁ?ma‘:an also

stepagecheVite Suthefshbatgapacther twabd ARV WItS0FBe first
ot her device able to store charge. The output fromthe
PUWER r BYLPHENEN DBTHABLSF pOWERT stle? agel @y r duito 2@ voltage

bE%%%lﬁ%%rbe2@§ed @ﬁef%gﬁgﬂf# QerQ§ﬁ1bEQEF?eﬁﬁggggggulated

the device's power syst bl'ock or to the a
pyeetageurtce s At de ko describegobet omdryestiney0 block to

re uin% a_requl at ed Sup Ly voltage or sto%ed power .
[ BY40]-OBaPGHE L6 Ca94 A6 FFGRPASST TS 3Ol okt ansistors to
Vehtage sBegthat WerAdes abed e r efrer g8G6r NRIWIdLting 20

is an exanpl e
block. P

[0127] Fach block is described in detail below. Each
block represents the functionality described below
associated with it. For instance, the RF power harvesting
20 block describes a power harvester 20, and the power
regulation 26 and/or power storage circuit 28 Dblock

describes a power regulator 26 and a power storage circuit

28.

[0128] Device's Power System Block
[0129] The device's power system block includes all
components/circuitry required to power the device. This

block may include an RF power harvesting 20 block, a power
regulation 26 and/or power storage circuit 28 Dblock, a

power storage block, and/or a power storage charger 30
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of a practical application of inplenmenting the
regul ati on described in the bl ock. Patent #6, 297, 618

w@ Biogsess 1-4), Power storage device and mnet hoPICD1S2006/021940
measuri ng voltage of storage battery, incorporated by
reference, herein, is an exanple of a practica
application of inplenenting the storage described in
the bl ock. [0141] Power Storage Charger 30 Bl ock

[9142k Thel pawerustonagelshpr ger 30 bl ock may be
needed if a power storage conponent of the device

requi res a special chargi ng nechani sm such as pul se
charging or trickle charging. This block controls how
the captured and converted power is supplied to the
pbOEBOSt or aBE Bowponéatve§0i143] 2PaBEotk #6, 836, 095
(Figures 1-3), Battery Charging Method and Appar at us,

i ncorporated by reference herein, is an exanple of a

precsical appki pat bokeof h'arfﬂb%@ﬁb' nY e sPect akonnected to
charglng mechani sm descri bed in the bl ock. %?144] Power

Seor agéeBngek [ Ghes|antennajevite Hashant 8ok thentsed as the
8&9&5115585!%ESHE”%%tehha”%yorbetﬁgcééa?érBéle%z‘%g%t oF£ EQI‘R onents.

captured power for use at a later tine ower
b@hetGﬁé@mwbthbamwwetlsgoﬁﬁgebbbokk1&Mus$dcoul¢mnvert the
i ncl ude a bgtter acitor, and/or another t

'
DOURFIXt GPRGUEGMIShETIE POvERIS( bPhge "CORIGnaIRET , such as

| ackude, chuteate (poj bbmibed. to, batteries
(rechar geabl e and non-r echar geabl e) , capacitors,

i nductors, fuel cells, and other power storage
eksgggis. This block may include antenna matching,

rectifying circuitry, voltage transforming circuiltry,
and/or other performance optimizing circuitry. The
rectifying circuitry may include a diode(s), a
transistor(s), or some other rectifying device or
combination. Examples of the rectifying circuitry include,
but are not limited to, half-wave, full-wave, and voltage

doubling circuits.

[0133] The output of the RF power harvesting 20 block is
a DC voltage or current. The RF power harvesting 20 block
may accept feedback (or input) from other circuitry or
blocks, which may be used to control the harvesting
circuitry to improve the performance or vary the output.
This feedback may include, but is not limited to, a DC

voltage or a clock from the core device 22 components.
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[0146] The output fromthe power storage bl ock may be

used as feedback to other blocks within the device's
w@owen3ryst em or to the alternative power sourPE€EU006/021940

bl ock, if they require a dedi cated and predictable

supply vol tage. [0147] Patent #6, 297,618 (Figures

1-4), Power Storage Device and Met hod of Measuring

Vol tage of Storage Battery, incorporated by reference

herein, is an exanple of a practical application of

i npl enmenting the storage described in the bl ock.

PEOERE] #6, 8Bat80Y, A KIS ‘ReChbgead| 8 /Balt etya, 12b, 13,
[ rpo enenc rel i's an l e
o?gg’pr%€%$%%$¥%%% iéggigﬁ 0 %P%%’engg %ga’thgﬁgggra%%merous
dessnpbed b Rre gdwek. hi Odd8fipr eiPenite 2Rat can be used
Conponent s Block%0149% The core device 22 congonents

bF O ckmPLCTRBE pbREi BhOGF #RE HBUFELORhAESTFELPRCei vi ng

power fromthe device's power system This bl ock may

be, but is not limted to, the devices listed in the
siosdhlient pages Beouhpsidocadfemnd/ar mgwee Storage Circuit
aggagigggous for the core device 22 conponents bl ock

to comtuni cate with any of the blocks that are

supplying power to it. This commrunication can include,

but is not |limted to, a feedback control_signal such

at0%38l ock oF AMHIONPEFFSHTIMNE AS ahS@RuApf e tiheconverted

dgyi,ee mpy. vant {4 urmeof folBe abt erpaldorROWer 1evel) for
sources 24 block if it is receiving sufficient power
f speri AecRAeydwes -harVest degieos bkbek. would need this block

require a fairly constant voltage or current. Deviations
from the required wvalues may cause the device to not

perform within its specifications.

[0137] The regulation can be dimplemented in many
different ways. The block can be as simple as using a
Zener diode, or as complicated as using an integrated
circuit such as a linear voltage regulator 26 or switching

regulator 26 to hold the voltage at a constant level.

[0138] Certain devices have a more tolerable power
requirement. For these devices, the regulation stage may

be excluded.

[0139] This block may also include, with or without the

regulation, a storage device such as a capacitor, a
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[0150] Alternative Power Sources 24 Block [0151] RF
energy harvesting also has the ability to be augnented
whgooetis2n4 t ypes of power harvesting, storage PCT/US2006/021940

conponents, or dedicated sources (e.g. power line).
The alternative power sources 24 bl ock shows how this
type of system coul d be inplenented. The augnenting
power harvesting technol ogi es include, but are not

lbhattedy) OorSQcie bttt G¥isbbl @pard tWNs¥b8EDIBLrge. The
pi ezoel ectric, vibration, acoustic, thermal,

r@@?@@%néﬁ%&n@hempﬁueraM§%%%@#QQnﬂ@oﬁﬁﬁﬁpélPower storage

eLEPED] S 2Eh%ﬁxﬁhﬁc%a aBe“@H d'Eﬁfoggg?ﬂé#M e NMWMEr blocks

conmuni cation wt bloc at ent
#‘6iﬁl82'41;135$h680|cmvm45 St poetur e sitsitleinzi nglamk or to the

hou . Silicon Discrete By- .
P ESH 1 B SPror ECE For £n Dl thn (Bkgrpibegy bplow), if
DEH@&'E@&u@EQ'écﬂégﬁna@édlg@bﬁﬂ?nﬁbnﬂa@@ alt et pakdVower.
power source 24 described by the bl ock. Patent

#6, 858, 970 Mul ti - Frequency Piezoel ectric Energy
Ff6¥26 s ogEgﬁPoﬁ%t§§4bX65€f%r§G%%sh rei 'ﬁlﬁ%QP Voltage

practical "a tion of nﬁle
ame@ﬁletoatlyﬂcpnparaSedrbp ﬁéfdssncebenebglnhelblankexample

[0153] Power gul atjpn 26, St e 28 and/or Stora

Chbr §1 At 250 ke POLBAT T Bowarioregir dirdh ks fegulation
S&Qé@ﬁﬁb@& apd/t9fe StOs&QE cba&ghﬂg#%deixéquu@f@&@es 1-4),
all the conbinati ons of the power regulatlon 26 and/_or

paqgersﬁﬁﬁg@gq”d@uppeg@nd method of measuring voltage of

storage battery, incorporated by reference, herein, is an
example of a practical application of implementing the

storage described in the block.
[0141] Power Storage Charger 30 Block

[0142] The power storage charger 30 block may be needed
if a power storage component of the device requires a
special charging mechanism, such as pulse charging or
trickle charging. This block controls how the captured and

converted power is supplied to the power storage component.

[0143] Patent #6,836,095 (Figures 1-3), Battery Charging
Method and Apparatus, incorporated by reference herein, is
an example of a practical application of implementing the

special charging mechanism described in the block.
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bl ock, power storage charger 30 bl ock, and power

storage block. This block is used in the later figures

wo 000683202 t he nunber of figures needed to shoRCTOB20061621940
bl ocks can interconnect . [0155] The discl osed

invention is an apparatus and nethod for an

application for retrieving radi o frequency (RF) energy

by an antenna, converting that energy into direct

current (DC) power, regulating that energy using an
ogtinized circuit, storin% that energy in an optim zed
coPpbhént, BAUrsrS50pPEGi R§oEke power for a specific

device . [0156] Retrieval of RF Energy[0157] The RF

energy is retrieved fromthe environnment by the use of

t p@1abl ennalf The dantiernd cani e shidrtethtorpestandaéguerements,
W th respect to an antenna used for the device' s

wi T el'8¥s PEo MATTiSEA York ﬁ%ﬁﬁ%%gjéaa%ﬁ? PP ckor use at

that ahas BAmant enna Potier UL BY tH6-EE PAWBRe power storage
harvester 20 and an antenna B used for wrel ess

optowlly o itlio-amild olmehidat foRatikegires 5RBAC koW gand/or
deyj he-a [ e a deyj.ce!

R
coopporahsy aimclhée RF poweradear vwedt edi®@tebn teynsbatteries

formfactor, .the agnt db h t 10
borGEREEaPab LS CORORGRT 6P R RIBPLT b ARPRGE 9T Fnt phductors,

thgeforanfiact ghqobthbe gewbeestbP1§8] cThgenpEENNA S
able to capture two types of

[0146] The output from the power storage block may be
used as feedback to other blocks within the device’s power
system or to the alternative power sources 24 Dblock, if

they require a dedicated and predictable supply voltage.

[0147] Patent #6,297,618 (Figures 1-4), Power Storage
Device and Method of Measuring Voltage of Storage Battery,
incorporated by reference herein, 1is an example of a
practical application of implementing the storage described
in the block. Patent #6,835,501, Alkaline Rechargeable
Battery, incorporated by reference herein, is also an
example of a practical application of implementing the

storage described in the block.

[0148] Core Device 22 Components Block
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avai |l abl e RF energy. The first type of energy exists

as anbient RF energy. This type of RF surrounds us in
wWo@e6d382e4 o- day |ives and is usually generat edPCDUSHNG/§21940

one way or two-way comnbi nations of voice, video and

data communi cations. The sources that the antenna can

harvest frominclude, but are not limted to,

medi um f requency AM radi o broadcast,

Ve Vadi gh- frequensye (VEEY1 EM ragdi ocbhessleass aptock is the
tel evision broadcast, ultra-high-frequency (UHF)

brordtent ofcethal sleare Shati ors, raiPPéNEsy deewer from the
2‘%‘%‘?{?%% P! to%{ersu?S/EsEg{ngh'f#?ﬂ% ”Bi’o&?H.@aa{ r?%g&%‘gs’is not

i ndustri a scirentific, and nedic
bahdstedhese 0w chsvicoaerligaasnissiche fsuegueencirgs pages of
from30Q0kHz to 30GHz. [ 0159] The second type of energg ,
avat P aBPEURENE; r edtte FORF Ren G CAASOUS fe o tikg core device

ener g¥mbendhiectAad & amp acdransititer wsPRChhiCald Yehe blocks
designed to deliver RF energy for harvesting by the

ablhehnareTheupp nsng t Powegant®eitonfi hied eomunication can

st andal.one, devi.ce or, i ed into i Sti
RGPERNE OpREy 0 SPHRPLA TR Erc B gy siomal
ThecRFaener gyl captatr esh bgNy bEFanbemnaadnustAshean example, the
converted into a useful form_of energ% for the

SPRELFPCcI@eviER Tt THY sCebrhversi &S & Gy RRKer sources

formghncal 15 £ gures (AQ0hasy ther Ric DOVer pBaeYestdRg the RF
20 bl ock. The nobst common form of useable energy is DC
epevgy. hgvesting 20 block.

[0150] Alternative Power Sources 24 Block

[o151] RF energy harvesting also has the ability to be
augmented by other types of power harvesting, storage
components, or dedicated sources (e.g. power line). The
alternative power sources 24 block shows how this type of
system could be implemented. The augmenting power
harvesting technologies include, but are not limited to,
solar, light (visible and non-visible), piezoelectric,
vibration, acoustic, thermal, microgenerators, wind, and
other environmental elements. This Dblock can work

independently or have communication with other blocks.

[0152] Patent #6,784,358, Solar Cell Structure Utilizing

an Amorphous Silicon Discrete By-Pass Diode, incorporated
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performthis conversion, the block includes circuitry
to rectify the captured alternating current (AC

we@p@nQ$3200 create DC energy. The rectificati onPCHUSINNG021940
bl ock can be done with a diode (s) , a transistor (s)
, or sone other rectifying device or conbination.
[0162] Regul ation of the Energy [0163] It nmay be
necessary to regulate the converted power (hold the
poer ratedcpeBst aptrdigvel )id oragpeekbingidevi@es.a  practical
Figures 2-7, 10-17, and 22-53 show how this regul ation
caprbecahppeneit ddrdsiggtangower Fld@nnatioe Jwaid/ purce 24
p a | [ cyi 8 b T. i t u
POSELEEROURHE RhECHLbeRD haEthy TR, BBY, 5P, | WELER E Pequency
chieeotleBeviat iEorxdiyr diathestegui Ladovabuesedaypcanséerence
the device to not gerforn1 ithin its specificatians. | .
TRECFEQul ati G- tan“Be S¥rpPeferftied? | ﬁrﬁﬁﬁff‘:&'ﬁf fdRncation of
VeyS1emhBBt PheClarCa] bErast STaPbewas Uit Z&Nelescribed by
di ode, or as conplicated as using an integrated
ckheubioskieh as a |inear voltage regulator 26 or a
switching regulator 26 to hold the voltage at a
constant level. Certain devices have a nore tol erable
POORE3] equi Pewent .Rdearl dthiese #6yi Gerddee pegulratfican Storage
stage may be excluded. [0164] Storage of the Energy
[%ﬁ%ﬁ?lp% aVdBVPEE has internittent power
requi renents, such as the devices exanpl ed by Figures

2-53, it may be necessary to store the captured power
f bP1lB4% at Bheat ppwer regulation 26, storage 28 and/or

storage charging 30 block contains all the combinations of
the power regulation 26 and/or power storage circuit 28
block, power storage charger 30 block, and power storage
block. This block 1s used in the later figures to reduce
the number of figures needed to show how the blocks can

interconnect.

[0155] The disclosed invention 1s an apparatus and
method for an application for retrieving radio frequency
(RF) energy by an antenna, converting that energy into
direct current (DC) power, regulating that energy using an
optimized circuit, storing that energy in an optimized
component, and/or supplying the power for a specific

device.

[0156] Retrieval of RF Energy
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time. The power can be stored in the power storage
bl ock or the power regulation 26 and/ or power storage

w@Re3120£8 bl ock. Storage devices can i ncl udePChus2086/€21940

not limted to, a battery, a capacitor, or another

type of power storage conponent. In certain

applications, it may be necessary to include

additional circuitry that controls how the power is
transferred to the storage device. The power storage

charger 30 block is shown in Figures 18-53. This may
béOhedled i FhehBFpmar St ok agEcesmpBREnt roayilteseavironment
Sﬁfckﬁé ﬁg@ﬁ%EQt chanpismsuchyas pil sg &hQEW'g§‘¥hared or
tr1ckl e charging.” Power 'storage conponen?s I'ncl ude,
bstandelontd witht edspectbadteni esténeshasgéabbe and device’s
nonrefhargeable),, capacitors, indugéogé, Euel cells,

afiti* 6t fig? Wmﬁécéltéﬁ@nts.FW%g are deviPcey thdt®Vce that
Whik At ahedwinze Stela0ese THESendeRrC%ueaN Hdlvester 20 and
directly off of the converted power. These devices

apBo ARyedRamyB notse@quipe r@gukedesen ehef@ycaprr egwo-way
p . Suppl i t.he -Bowgr 71, T tu
d§¥%%ﬂ%$?&€2%%h naf%éﬁgﬁﬁg R?tgge %gégléiegﬁﬁﬁ%%br%%%re the
stotednai 4 ssupdnead bp bbehdevidesriodiischcémmunication module
represented by the core device 22 conponents bl ock in

t RELERYTr é@_.e TRPES P "B <€a n(jP_@H?BE_EEE’? i &chrtPF ey power
sHppLy¥spuEktbple parter-pk therdeyi egcwbih pR¥eLntERAB8lLised by

RF energy harvesting also has the abilify to be
abgeeapedrbyust REr caypdrse of JrvaErattaarvempemgnioror integrated

S&QE%Q%ly into the form factor of the device.

[0158] The antenna i1is able to capture two types of
available RF energy. The first type of energy exists as
ambient RE energy. This type of RF surrounds us in our

day-to-day lives and is usually generated to carry one way
or two-way combinations of voice, video and data
communications. The sources that the antenna can harvest
from include, but are not limited to, medium-frequency AM
radio broadcast, very-high-frequency (VHE) M radio
broadcast and television broadcast, ultra-high-frequency
(UHF) broadcast, cellular base stations, wireless data
access points, super-high-frequency (SHF) frequencies, and
the industrial, scientific, and medical (ISM) bands. These
sources cover transmission frequencies from 300kHz to

30GHz.
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conmponents. O her power harvesting technol ogies
i nclude, but are not limted to, solar, light (visible

w@peaoensavd si bl e) , piezoelectric, vibration, arPOUE$1006/021940

thermal, mcrogenerators, w nd, and ot her

envi ronnental el enments. Power storage conponents

i nclude, but are not limted to, batteries
(rechargeabl e and non-rechargeable) , capacitors,
i nductors, fuel cells, and other storage el enents.

Fi gures 60-88 show how the alternative power sources
240BBBtk calhpe seoomectiabe cohineRErgie ey ilabiestihgdirected

syste These fi e RE er [ PN
2%§bleomc rdz}ﬁ'd theﬂg{ e?‘?gg \r#?vpgaere%seg ryce%yzggréf%géﬁl Yrom a
capawenk ttedeppadafticylar Rsd eeamby cidliiorem R €aehgy for
ot her. The antennaconfigurations shown in Fi gures

5R258eEFENgt | PY appsi AT WAh t helHfldi tTFprortisgr can  be

aLbgenghib¥e nowen SOURes Atk bhackceThasei ARLERARed into an
configurations can be applied to Figures 60- [0169] RF

easigyingrdestirag al so has the ability to provide a
backup to devices on-grid (tethered) or with reliable
power sources, which can be used in case the primary
poosB0o$ouUr ceohselkesbn AfsthB EBxampleintbt Domy be
mandat ed by regul ations that a sensor has auxiliary
power in case the primary supply is lost. It could be

PPl e toryse @y rephapgeabl s bald epy thal gRtahAs must be
its charge fromthe primary supply when in operation.
Homevertedf ieo pei mEefsluppbymi ©1 ognefdy &omi nghe specific
gég%ﬁ.gecgth?gﬁtigf éc!rgveerosficgtbeigecghagv%eaghe kp_l_aoté]?r ¥br¥nhein all
figures (1-90) as the RF power harvesting 20 block. The
most common form of useable energy 1s DC energy. To
perform this conversion, the block includes circuitry to
rectify the captured alternating current (AC) energy to
create DC energy. The rectification in this block can be
done with a diode(s), a transistor(s), or some other

rectifying device or combination.
[0162] Regulation of the Energy

[0163] It may be necessary to regulate the converted
power (hold the power at a constant level) for specific
devices. Figures 2-7, 10-17, and 22-53 show how this
regulation can be implemented using a power regulation 26

and/or power storage circuit 28 block. The devices that

~34—



uni nterrupted power is not nmet. RF energy could be

used to supply power to the described device while the
w@eriogaszosupply is not avail able. The primary BCppE2006/021940

could include, but is not limted to, an on-grid

connection, a generator, a battery, or other reliable

power supply. [0170] RF energy harvesting with or

wi t hout alternative source augnentation is applicable

t QolnavindedeheGly il Roneregifctd yeol ri NdbsREELANEt foBtage or
range of el ectronic conponents contained in any

SPBELENE - el BeVipgabnsr fapacthenreddéypdevahdepndbiidesuse the

b bLs_nof limite 7 Si el ect r.ani \
oHesEeneLe! L SRR T RO Y o SR Ctona. ane
Reegaﬂatspnfbmedbeeim@ﬂementedruabmenyeaﬁﬁfetent ways. The

therm stors, thyristor, thernocou [0173 ,
AR ST Eaer ol ARl tapo voraS k-fghgr diode, or as
Ca@ﬁgu&@b§edcegaﬁbgngaaacuh@éggawabtbh@&a&tceﬁaﬁlas a linear
Capacitors, Polystyrene Film acitors, Electric

D@Q%Fégﬁayﬁﬂﬁﬂéﬁéﬁit%@sOFSGpe$W nQOF§9UlaPQEyé§ietO hold
khg]%%%¥é&%k aIF yes é%%fC| %alw “vices have a

Capacitors, i1l m paC|tors
Vﬁbt&Nh@M&ﬂahmdcpdwéﬂlfé@ufkeﬁest Volroage: Heegll aévdoes, the

i i i es anic light-emttin
diodes,hightemtting diodes, JLge g g

[0164] Storage of the Energy

[0165] If a device has intermittent power regquirements,
such as the devices exampled by Figures 2-53, it may be
necessary to store the captured power for use at a later
time. The power can be stored in the power storage block
or the power regulation 26 and/or power storage circuit 28
block. Storage devices can include, but are not limited
to, a battery, a capacitor, or another type of power
storage component. In certain applications, it may be
necessary to include additional circuitry that controls how
the power is transferred to the storage device. The power
storage charger 30 block is shown in Figures 18-53. This
may be needed i1f the power storage component requires a
special charging mechanism such as pulse charging or
trickle charging. Power storage components include, but

are not limited to, batteries (rechargeable and non-
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di odes, Vari abl e capacitance di odes, Rectification

di odes, Swi tching di odes, Regul ation D odes, Di ode
wheiodgaro4 Schott ky barrier di odes, tunnel di odeST/USI0DE/021940

di odes, Zener di odes, Aval anche di odes, TVSs [0175]

Integrated circuits, mcrocontroller unit (MU ,

m croprocessor unit (MPU) , logic circuits, nenory,

printed circuits, circuit boards, printed wring

boacts rfo@brile ) Tr anpastiaos.s , MIBRLEE o rSETSueB) 81 13FEESd other
| GBTs, Rel ays, Antennas, sem conductors, conductors, ‘
i FHQCEGHEs S eSS - o HRSrS t7FaceeVEeRR, tMspdiF7pot require

FU$@Saq@l.l CUi fnRERAKAEG1EAL78LaBAlL &L €irectly off of the
Non-rechargeabl e batteries, rechargeable batteries,

c R veaitiech power-es Thigstet devielels batstemags oralkyl noe require
b Ii Lo [ tterl l[ithiumion batteries,
I I%Ieﬁl%l} r%%%é) Iny r?etflrr] t%?t t% %ﬁtélé: ,eﬁpﬁﬁeﬁ:at teries, N CAD
batteries, Lead acid batteries, Zinc air batteries,
Manganese Lithiumbatteries, N obium Titani um Lithium
ba(log'érsi es, VARRIYIROPEREOXCHELLi t hi um batteri es,
Carbon Zinc batteries, Zinc Chloride batteries,
Li t hi um Thi onyl Chloride batteries, Manganese
[0167] The captured DC power, which may or may not be

regulated and/or stored, is supplied to the device, which
is represented by the core device 22 components block in
the figures. This may be a single connection or it may

supply multiple parts of the device with power.

[0168] RF energy harvesting also has the ability to be
augmented by other types of power harvesting or storage
components. Other power harvesting technologies include,
but are not limited to, solar, light (visible and non-
visible), ©piezoelectric, vibration, acoustic, thermal,
microgenerators, wind, and other environmental elements.
Power storage components include, but are not limited to,
batteries (rechargeable and non-rechargeable), capacitors,
inductors, fuel cells, and other storage elements. Figures
60-88 show how the alternative power sources 24 block can
be connected to an RF energy harvesting system. These
figure show how the RF energy harvesting 20 block and the
alternative power sources 24 block can work independently

or have communication with each other. The antenna
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Di oxi de batteries, Lithium Poly- Carbonnonof | uoride
batteries, Lithium Manganese Di oxi de batteries,

wQ paoki18a20Lhl ori de batteries, Lead Acid Cal ci unPCT/US2006/021940
batteries, Lead Acid Tin batteries, Oxy N cke
batteries, Silver Oxide batteries, Magnesium batteries
[0179] Inductors, Coils, H gh Frequency Coils,
Toroidal Coils, Transformers, sw tches, chokes [0180]
MobAES gubet IBhET ShoWheRPEF IR Ys P IDIHFS, sEANS applicable
[0181] "Crystals, Gscillators, Cocks, Tiners [0182]
Dvéphaybe pABstipEDOdi 8pl ayscfoaBiyeRPoBAEr ggurces 24 block.
NALYES! LA LN O, AN A ARV ESUO8: 1o Fiqures 60-
augnentati on 1's appli‘cabl &€ across a range o mar ket g
aBf.specific devices and includes but is not limted
to: [0184] Consuner electronics [0185] Electronic
equi pnent, w red devices, battery powered devices,
W heke§s CORPUN: gt PN HiakiGaS nLehl sBhORES, the ability to
t el ephones, phones, “cordl ess phones, portable phones,
Bphuevddeh alevacdsip BFoetdotirdreaddevsidhantetieeed) or with

h h W h
PoRREL s, TIPS S MAPIONES o WASL O3 PRECU case ehe

primary power source is lost. As an example, it may be

mandated by regulations that a sensor has auxiliary power
in case the primary supply is lost. It could be possible
to use a rechargeable battery that obtains its charge from
the primary supply when in operation. However, if the
primary supply is lost for a time greater than the life of
the rechargeable battery, the specification of
uninterrupted power is not met. RF energy could be used to
supply power to the described device while the primary
supply is not available. The primary supply could include,
but is not limited to, an on-grid connection, a generator,

a battery, or other reliable power supply.

[0170] RF energy harvesting with or without alternative
source augmentation is applicable to provide electric power
directly or indirectly to a range of electronic components
contained in any specific electrical or electronic device

and includes, but is not limited to:
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radi os, weather radi os, Two-way radi os, portable
radio, lights, lanterns, portable lights, flashlights,
woe@htibi2zght s, spotlights, search Iights, cal cuPEIt/O8206/021940

graphi ng cal cul ators, desk cal cul ators, clocks, alarm

cl ocks, wall clocks, desk clocks, travel clocks,

wat ches, wristwatches, pocket watches, stop watches,

timers, voice recorders, Dictaphones, |aser pointers,
F@@ﬂ1]00|5~ COV§E§§§vQOWE%1%%Q&%n1%|echiﬁﬂﬁdhé@EQrS active
ectric razors, handhel d ganmes, gam ng systens, gane

controllers, MArelesSrgane conpeoéhess, renote

batter chargers, co por.t .
cgﬁiggirs keyl e ESéﬁ£8§S'toy§yg?5§ guﬁ?SngQrFaset variable
guns, ganes, '“CEQBWEE%ESWUS'C@héf§£é€@%§3 ”U§h9@istor,
ef fects processors, nusi cal instrunent tuners

met rononmes, el ectheninecenpid charts, door openers,

OR8] oo e DA P oyl AEP LR 0€ B ore,

el ectronics, portahtglehectUz@RIcGEord, rel@@@ms Capacitors,
sound gener ators, nol se gener ators, Iangua

translators, el elptiélepEhdiushess SoPesiicers, Polystyrene
Film Capacitors, Electric Double Layer

Capacitors (Super Capacitors), Polyester
Film Capacitors, Polypropylene Capacitors,
Mica Capacitors, Metallized Polyester Film

Capacitors, Variable Capacitors

[0174] . Diodes, Voltage regulation diodes, light-
emitting diodes, organic light-emitting
diodes, Variable capacitance diodes,

Rectification diodes, Switching diodes,
Regulation Diodes, Diode bridges, Schottky
barrier diodes, tunnel diodes, PIN dicdes,
Zener diodes, Avalanche diodes, TVSs

[0175] . Integrated circuits, microcontroller wunit
(MCU), microprocessor unit (MPU) , logic
circuits, memory, printed circuits, circuit

boards, printed wiring boards

[0176] . Transistors, MOSFETs, FETs, BJTs, JFETs,
IGRTs, Relays, Antennas, semiconductors,
conductors, inductors, relays, diacs,

triacs, SCRs, MOVs
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tel evi sions, pagers, transceivers, toy vehicles,

renote control vehicles, toy planes, renpte contro
wWQ@b@aas320pet contai nment systens, invisible fePCHURENG/021940

sensors, nenory backup, base station battery backups,

appl i ance battery backups, uninterrupted power

supplies, GPS devices, nenory retention power

supplies, netal detectors, stud finders, netal stud

fiiodens, stun gupgsehazelscuteapabhgedgvi ces, baby

noni tors, intercoms, doorbells, wreless doorbells,

el@tvBdni c of fi cBasuppliiees, el Bohroacbasyapbées, rhdateries,

jamers, radar detectors igjt scales, mcrofil .
asset Les, vi deothedacraapbrebeEbrEi8sestony; CaLL Butteries,
cancel i ng headphgesonaidesanBhetsridgpt b fUNd8S, batteries,

baroneters, weather measurenent instrunments, data .
transfer deviceslifbivmathPetEesieess sitgnain ngomni patteries,

Wrel ess audio sggggghﬁ,é%%gﬂégtgaﬁgggggst%fﬁh batteries,

scanners, Car navi gation "syst ens evi tes
Decorative |ight SICEDr sttt lldsght beadarden |bgiteasies, Zinc

| aon, [1ghts. ornarenial, | Lgnts, porelh 11 g 5 088] ot cerice,

Niobium Titanium Lithium batteries, Vanadium
Pentoxide ©Lithium batteries, Carbon Zinc

batteries, Zinc Chloride batteries, Lithium

Thionyl Chloride batteries, Manganese
Dioxide batteries, Lithium Poly-
Carbonmonofluoride batteries, Lithium
Manganese Dioxide batteries, Lithium

Chloride batteries, Lead Acid Calcium
batteries, Lead Acid Tin Dbatteries, Oxy
Nickel batteries, Silver Oxide batteries,

Magnesium batteries

[0179] . Inductors, Coils, High Frequency Coils,
Toroidal Coils, Transformers, switches,
chokes

[0180] : Mctors, DC motors, stepper motor, AC motors,
Fans

[0181] . Crystals, Oscillators, Clocks, Timers

[0182] . Displays, LCDs, LED displays

[0183] RF energy harvesting with or without alternative
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nmusi ¢ pl ayers, CD players, tape players, digital nusic
pl ayers, digital video players, mnidisc [0187]

w@iopsen4 keyboards, mce, peripherals, conpuP&r/US2006/021940

equi pnent, el ectronic conputers, conputer storage,
conputer termnals [0188] Building/lndustria

Aut omati on [0189] Sensors: Position, elevator,
tenperature, fire, accel eroneters, |evel, gas |evel,

fhghgcbe&@bmehtﬁﬁﬁoheig|apﬁh@@bbgésaﬁkgﬂ% bl vkd Elewlmarkets
light flow, plasma flow, pressure, gas pressure id

paéésapéClﬁéﬁuéﬁleegh@nduhﬂpéﬂéa8|bghtlSunptainmuéﬁd to:
light, X-rays, cosmc rays, visible light, gamma rays,

chem cal, stress, strain, depth, electrica

cliargdferi stoaspmeal tdgerronirent, viscosity,

acoustical, sound, |istening, thickness, density

shPLgsd quar.ty,E&@Pﬁﬁenlsh9gpéamenﬁasylra€|aﬁVlcesr battery

force, Conduct'vF e réist @&ﬁl@%ent bl ’es\Q br abi@0nication

radi oactivity, strengt ectric field
devices, cell phones, telephones, phones,

cordless phones, portable phones, Bluetooth
devices, Bluetooth headsets, hands-free
headsets, headsets, headphones, Wireless
headsets, radios, AM/FM radios, shortwave
radios, weather radios, Two-way radios,
portable radio, lights, lanterns, portable
lights, flashlights, nightlights,
spotlights, search lights, calculators,
graphing calculators, desk calculators,
clocks, alarm clocks, wall clocks, desk
clocks, travel clocks, watches,
wristwatches, pocket watches, stop watches,
timers, voice recorders, Dictaphones, laser
pointers, power tools, cordless power tools,
electronic razors, electric razors, handheld
games, gaming systems, game controllers,
wireless game controllers, remote controls,
battery chargers, computers, portable
computers, keyless entry, toys, toy guns,
toy laser guns, games, microphones, musical

instruments, musical effects processors,
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strength, magnetic field strength, occupancy, snoke
det ector, carbon nonoxi de detector, radon detector,

wa@eoeqsebi ty, humi dity, gl ass breakage, break PEHDS2006/021940

detector [0190] - Controls: Position, elevator,
tenperature, fire, acceleroneters, level, gas |evel
fluid level, light level, flow, gas flow, fluid flow,
light flow, plasma flow, pressure, gas pressure, fluid

pressure, motiong.dight, iiser@tedt ghtyyMhisavi oh&tronomes,
light, X-rays, cosmic rays, visible light, gamm rays,

chemnical, stresselatiadmic dephiordel echaiieal door openers,

characteristics, vgltgg%kxyunggﬁf]yiscgg'ty,c eras, Vide
acoustical, sountf 195t ety EN'CRiTess, “densiysras, ©

surface quality, r&ebtders physigali-mass;, WeklBttronic test
force, conductivity, distance, orientation, vibration,
radi oactivity, f?%W%P@?W%ngﬂWEHQﬂh§@¥?i@l?FEFenlcS' portable

strength, magnetigetiebd sid,engt iy peeypancy, ke sound
detector, carbon
generators, noise generators, language
translators, electric toothbrushes, portable
televisions, pagers, transceivers, toy
vehicles, remote control vehicles, toy
planes, remote control planes, pet
containment systems, invisible fence pet
sensors, memory backup, base station battery
backups, appliance battery backups,
uninterrupted power supplies, GPS devices,
memory retention power supplies, metal
detectors, stud finders, metal stud finders,
stun guns, tazers, wearable devices, baby
monitors, intercoms, doorbells, wireless
doorbells, electronic office supplies,
electronic staplers, radar Jjammers, radar
detectors, digital scales, microfilm
cassettes, video head testers, compasses,
noise canceling headphones, ailr samplers,
depth finders, barometers, weather
measurement instruments, data transfer
devices, automatic distress signaling unit,

Wireless audio speakers, Satellite radios,
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nonoxi de detector, radon detector, air quality,

hum di ty[ 0191] - Devices: Thernostats, |ight swtches,
waoelower/1820ks, smart-card door |ocks, l|ighting, POPUSENEY21940
lighting, nmotion lighting, safety lighting, highway
l'ighting, construction |lighting, sign Iighting,

roadway sign lighting, construction sign |lighting,

automatic flushing units, automatic soap dispenser,

automati c paper Pewekedisspenset, aHEOMBWLGataveekystems (GPS
automati c door sensors, identification reader, .
fingerprint readfeVieesdit cRPgoraiddps, éagBtseadefhristmas
val ve actuators, S, a auge: igita :
gauges, fire ext%%%&?gﬁersgﬁgﬁg% ess s%&?%hes,hawn lights,
renot el y oper at edrinasgaceilodightispmertcchgashicls

pi éi e nonitoring systens, robotic pipel

iﬁgg &li on gauges, "aﬁPEEFe@F8§§r§laW%FE%IeDﬁ?%p B¥fer analog

l'ines, sonar buoys, telgretrypIustbers, ekectrenhgers, tape

record tracking systens, robbery tracking devices, o

i nterrogators, prograRiBYSIrSengigésey music players, digital
video players, minidisc

[0187] - Computer: keyboards, mice, peripherals,

computer equipment, electronic

computers, computer storage, computer

terminals

[0188] . Building/Industrial Automation

[0189] - Sensors: Position, elevator,
temperature, fire, accelerometers,

level, gas level, fluid level, 1light
level, flow, gas flow, fluid flow,
light flow, plasma flow, pressure, gas
pressure, fluid pressure, motion,
light, infrared light, ultraviolet
light, X-rays, cosmic rays, visible

light, gamma rays, chemical, stress,

strain, depth, electrical
characteristics, voltage, current,
viscosity, acoustical, sound,

listening, thickness, density, surface
quality, volume, physical, mass,

welght, force, conductivity, distance,
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exit alarnms, alarns, flood alarns, gas al arnms,
el ectronic entry systens, security keypads, silo

w0 e@adsizeer s, data recorders, signal tracers, BOI/US2006/021940
static strap testers, radi osondeweat her ball oons,
utilities load controllers, prof iloneters, noise
cancel |l ati on equi pnent, infrared beacons [0192]
Mlitary /Government [0193] Tracking tags: Wapons,
vehicle, soldier, geapkassehsiostaffib@anesdl radioactivity,
popul ati on, security access badges [0194] Sensors:
Proxi mity, intrusion, féakdr onnertangteheni callectric field
/blolpglcal [0195] EQBEBQEBEh Ba%L{%%e B@rg%ﬁe d strength,
surveil l ance, card readers; i dentit7cation reader,
fingerprint reader, retcnghnsgannesspksatebkickespr, carbon
rockets, space vehicles, search nd .rescue

transponders (SARTs), "érergeficy’ Yon-THftaffhgetor, air
rescue beacons (EPI RBg)iali€Rer geneyidPERL OF glass breakage,

transmtters (ELTs) , mlitary radios, electronic toll
col l ection systems, Dbreak beam detector
[0190] - Controls: Position, elevator,
temperature, fire, accelerometers,
level, gas 1level, fluid level, 1light
level, flow, gas flow, fluid £flow,
light flow, plasma flow, pressure, gas
pressure, fluid pressure, motion,
light, infrared light, ultraviolet
light, X-rays, cosmic rays, visible

light, gamma rays, chemical, stress,

strain, depth, electrical
characteristics, voltage, current,
viscosity, acoustical, sound,

listening, thickness, density, surface
quality, volume, physical, mass,
weight, force, conductivity, distance,
orientation, vibration, radiocactivity,
field strength, electric field
strength, magnetic field strength,
occupancy, smoke detector, carbon
monoxide detector, radon detector, air

quality, humidity
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postal tracking systens, conmmunications, thernal

i magi ng, night vision, training targets, field nedical
we@owsps®em , house arrest nonitors, |aser tags,PCT/US2006/021940

el ectronic parking neters, nultiple integrated |aser

engagenent system nunitions and m nes, ship

sensors[0196] Utility [0197] Gas consunption neters,

wat er consunption nmeters, and electric consunption

mpoepg][ 0198] Logi sti @év&cﬁappl w@m&@@&@ge@% t sw1tches,
[0199] Radi o-frequency identification devices ( ,

RFI D readers [0200] TH&EKi ngocksset srerjs;-emrdo door locks,

t | t b I vers .
[0201] Devi con:  Smart BO) c4"Phgs NeRGEPS¥nel SERGLNG, motion

handhel d bar code scanﬂleghtmag(;odessf@trmersl,lgcftedig, highway
CRE AN LT SR T
Cccupancy, proximty, 1ighting, roadway sign lighting,
construction sign lighting, automatic
flushing units, automatic soap
dispenser, automatic paper towel
dispenser, automatic faucets, automatic
door sensors, identification reader,
fingerprint reader, credit card
readers, card readers, valve actuators,
gauges, analog gauges, digital gauges,
fire extinguishers, wireless switches,
remotely operated inspection equipment,
gas/oil pipeline monitoring systems,
robotic pipeline inspection gauges,
"auto-reclosers” for electric power
lines, sonar buoys, telemetry systems,
electronic record tracking systems,
robbery tracking devices,
interrogators, programmers, emergency
exit alarms, alarms, flood alarms, gas
alarms, electronic entry systems,
security keypads, silo transducers,
data recorders, signal tracers, anti-

static strap testers, radiosonde
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envi ronnental , chem cal /biological, notion, position
[0204] Metal detector wand [0205] Medical [0206]

wo ppbas2abl e: cochl ear inplants, neural stinmulBCDUS2006/021940
pace makers, nedication admnistration, defibrillator
[0207] Body function nonitors: pressure, tenperature,
respiration, blood oxygenation, insulin, hearing aid,
pul se, EKG, heart, Holter,[0208] Tracking tags:
Patient, baby identifygathen, agselisonsypplivsiistald, 1oad
medi cati on, |nstrunentsﬁ%0209 Devi ces: Hone
heal t hcare equi pnent, CanbuPale¥r§, i nf uBrohL pompserdl ood noise
anal yzers, bi of eedbac one qr
stinul at ors, thernone?eﬁég& |g|t§l theﬁﬁ%&g?ersﬁ infrared
stimul ators, galvanicbeacnmhators nmuscl e stinmul ators,

pediatric scales [0210] arlculture - livestock
t F9ERPhg and assMilikaskiRgvero®ent Tracki ng:

|t5f§§?Ck asset .. m‘l?kégﬁlﬁgaCkE%%squi%%%pons, vehicle,

soldier, gear/assets, staff, general
population, security access badges
[0194] - Sensors: Proximity, intrusion,

environmental, chemical/biological

[0195] - Equipment: Battery charger,
surveillance, card readers,
identification reader, fingerprint

reader, retinal scanners, satellites,
rockets, space vehicles, search and
rescue transponders (SARTs), emergency
position—indicating rescue beacons
(EPIRBs), emergency locator
transmitters (ELTs), military radios,
electronic toll <collection systems,
postal tracking systems,
communications, thermal imaging, night
vision, training targets, field medical
equipment, house arrest monitors, laser
tags, electronic parking meters,
multiple integrated laser engagement
system, munitions and mines, ship

Sensors
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[0212] Equi pnment: cattle prods [0213] Autonotive

[0214] Autonotive antennas, Autonotive Audi o Systens,
w@\aioee2e Li ghting, Autonotive Video Syst ensPCT/US2006/021940

Comput ers, Processors, Controls, Switches, Electric

Motors, Actuators, Ignition Systens, Starter Systens,

I njection Systens, Powertrain Electronics, Radar

Detectors, Proximty Detectors, Safety Systens,

S £1y Systens; rs, Regulators, Distributors,

Vgﬂ:l%fje Cont r ol ,UJ\CN%E?QSySterrB, Washer Systens, Radio,

VIOE®7 Byst ens, Entert@asnent SpessenptiNavi gatmeadrers, water

Systens, GPS systens, Power Mrror S\é tens, Em ssion .

control systens [02157°ApPPEheRs [& ig]rsl‘(/bni 0] ng electric

systenms and control sysh&amptobnméeErand smal |

appl i ances includi ng washi ng nachi nes, dryers,

re9kP8brators, flreezeisscscooberBly afratondinigement

hum di.fiers, dehumdifiers, -air _purifi.ers, .al.r . .

(PR ans, Tor nacks TG Bt indlbly d¥etns¥loation devices

(RFID), RFID readers

[0200] - Tracking: Asset tags, cargo container
location beacons, transponders,
transceivers

[0201] - Devices: Smart price tags, smart

shelving, handheld barcode scanner,
barcode scanners, credit card readers,
card readers, retail signage, hotel

door locks

[0202] . Homeland Security
[0203] - Sensors: Occupancy, proximity,
environmental, chemical/biological,

motion, position

[0204] - Metal detector wand

[0205] . Medical

[0206] . Implantable: cochlear implants, neural
stimulators, pace makers, medication

administration, defibrillator
[0207] - Body function monitors: pressure,
temperature, respiration, blood
oxygenation, insulin, hearing aid,
pulse, EKG, heart, Holter,
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boil ers, space heaters, sow ng machi nes, ice nmakers,

m crowave ovens, convection ovens, ovens, toaster
wo@@®aa332nanges, range hoods, cooktops, stoves,PCT/US2006/021940

stovet ops, crock pots, hot plates, dishwashers,

gar bage di sposals, can openers, vacuum cl eaners,

bl enders, m xers, food processors, irons, coffee

makers, toasters, grills, hair dryers, electric tooth

brio2losy, el ectric razansckehectricrdgkt! s, eﬁéggéﬂg; baby

screwdrivers, chainsaws, |awnnowers, push nowers, _

ri di ng mowers, trinneﬂ§?n6ﬂ§§ﬁa@&PPer§, pegRéss,  supplies,

edgers. vending machi nes.ed Oallh o¥enbh) athgh Ralno.

Ai r- Condi tioni ng, and Conmerci al Refrideration

EJQR29%dnt [ 0218] — MoniDeoriceg :sydiems, kealtbtasyst edfipment,

0219] Engi ne, Turbine, ,and, Power Transni ssion

Equipnent [0220] Moni E8PRGESYSt enst bl sHYPRAs  blood

[0221] O her General Iaulcap@s;@rwachm@@éeme@&actsgrsit@&s, bone
[0222] - Monitoring systens, control systens [0223]

Tel ecommuni cati ons growth stimulators, thermometers,
digital thermometers, stimulators,
galvanic stimulators, muscle

stimulators, pediatric scales

[0210] . Agriculture - livestock tracking and asset
tracking.

[0211] - Tracking: livestock, asset, wildlife
tracking devices

[0212] - Equipment: cattle prods

[0213] . Automotive

[0214] - Automotive antennas, Automotive Audio
Systems, Automotive Lighting,

Automotive Video Systems, Computers,
Processors, Controls, Switches,
Electric Motors, Actuators, Ignition
Systems, Starter Systems, Injection
Systems, Powertrain Electronics, Radar
Detectors, Proximity Detectors, Safety
Systems, Security Systems, Sensors,
Regulators, Distributors, Vehicle
Control, Wiper Systems, Washer Systems,

Radio, Video Systems, Entertainment
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[0224] - Monitoring systens, control systens [0225] -
Portabl e [0226] Aircraft [0227] - Monitoring systens,

W@ ewbnad206yst ens, actuator systens, sensors [ OP@2BpS1006/021940

shoul d be noted that devices within a specific
category may be applicable across nultiple areas even
if they are not specifically listed. (e.g.,
tenperature sensors apply to Industrial and Buil di ng

Aut omation and Appliag¢esdms, [ 02rAk1gath8hr Of idyMems,  GPs
redesign the devices |listed, it is possible to

i mpl ement the descri bedst§ms enBover ey ousSvieyems, |[Emission

may be advant ageous t ice design as-is
i ncludi ng the existingo%§§%? %ﬁ%%%§¥ As an exanple, a

dev2Ls] My use n@pPpleghasgeabl e batteries to operate.
The device will nost |ikely have a grotection circuit
t E0%telent damage if Ypelbariedi 6¥SaPBS| #&Cal ¥ rol systems

incorrectly. The proteglion ghani sm4 s nly .
di ode inline wththe positigggternina of the attg?g%lances

In this case, the RF powtundhagvesbehi2@ wintdrhdmes, dryers,

wi thout the alternative gomer ource 24 coul d be .
inserted, with an ant BRREI9FREL°T Re cé%ﬁ%ﬁ?rSVhecﬁ8%§Fs’ att

generated by the RF pewes dhatveshesr20, (andHh@idifiers,
al ternative power source 24, if applicable) could be

connected to the devi éehapi@ifiPBSprot @E¥i onPWeERAATEM ailr

descri bed to avoid po%fﬂ%é?é,cggﬁginﬁuPﬁa@es, water heaters,
non-r echar geabl e

boilers, space heaters, sowing
machines, ice makers, microwave ovens,
convection ovens, ovens, toaster ovens,
ranges, range hoods, cooktops, stoves,
stovetops, crock pots, hot plates,
dishwashers, garbage disposals, can
openers, vacuum cleaners, blenders,
mixers, food processors, irons, coffee
makers, toasters, grills, hair dryers,
electric tooth brushes, electric
razors, electric drills, electric
screwdrivers, chainsaws, lawnmowers,
push mowers, riding mowers, trimmers,
brush cutters, pruners, edgers, vending
machines,

[0217] . Ventilation, Heating, Air-Conditioning, and

Commercial Refrigeration Equipment
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battery. [0230] Another way to configure the device's

power systemis to replace the non-rechargeabl e
whaiobasizes Wi th rechargeabl e batteries. |n thiBCT/US2006/021940

i nstance, the output fromthe RF power harvester 20

(and alternative power source 24) could be connected

to either side of the protections device. If the

connection is before the protection nechanism the RF

pg@@igfarvester 20 (aﬂgni98r§h§e£f§%éﬂ§,D@&ﬁfré@ué§§tems
24, if applicable) wll recharge the battery and

sip219] power to Ehgideyi cBurbfinthe eowhe®advosr i sTadhsnission
the protection nechanisak the RF power harvester 20
(and the alternatfVePBoRer source 24, if applicable)

W bbo6yPP! Y. POVelohorbhendeyl se-a8d Lh8: Pait §%¥té\fiﬂ£|
supply any extra power neéeded that could not Dbe

supp2igd by: t he BEhpawer haewestér 20 (Pangbddee Machinery
alternative power source 24, if applicable) . It
shoul d be noted YARELEREUBLBPection device in this

Cpgg2b$% not needed foMoHi@@@inﬁp§g§£éﬂ§; 58t P81 Y systems
function would be to protect the batteries from being

i 8228l ed i ncorr@ellbygomAnnangéenoascoul d be cont ai ned
I NS or placed on the outside of fhe device.[0231
AbGEAZI CCont fgur 3t i onlor L HEL ARy FEEL S B ovEPEE b eRy PEems
t@ogggﬁve t he existingobagberi es and install the RF

power harvester 20 (and the alternative power source
2492261t he encl osbiecprévi ded for the batteries. An

aphghna could be_contgined Lngide 0L BhacedogfethE systems,

actuator systems, sensors

[0228] It should be noted that devices within a specific
category may be applicable across multiple areas even if
they are not specifically listed. (e.g., temperature
sensors apply to Industrial and Building Automation and

Appliances).

[0229] To retrofit or redesign the devices listed, it is
possible to implement the describéd systems in numerous
ways. It may be advantageous to leave the device design
as-is including the existing power supply. As an example,
a device may use non-rechargeable batteries to operate.
The device will most likely have a protection circuit to
prevent damage 1f the batteries are installed incorrectly.
The protection mechanism is commonly a diode inline with
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device . [0232] Yet another method of configuring the

devi ce's power system would be to reduce the nunber of
whaiobasizes and replace themw th the RF power PEF/USRDE021940

20 (and the alternative power source 24) . In this

case, the output fromthe system woul d be connected to

the batteries in series or parallel depending on the

original battery configuration. An antenna coul d be

centappedtifei derainahaced as HhetaulsSi denofchaeecase, the RF

devi ce. [0233] An additional option, would be

CBRPFEt diarrasiest gh0t Wé bbr o@uctu’ahdutnttéxy aabteheatlve power

d ATV d t co ents ipnto the
(SOHEER P L) B0C A OO Dk rigeodete the
beeause.i t Tan pobty Hakeratdwanbgge hef Hﬁmp&Wﬁ@fhaﬁvester 20

offere by t.he RF power harvester 20

aIFQPn #&ﬁﬁﬂa U GV SO?%F%HﬁénnéfcéﬁpélBéble could
CQQt@dﬂﬁédﬂgackbofhgl@%%Qc@ndﬁ%%ﬁnﬁﬁ%dﬁr@ée&@?on mechanism
device. [0234] If the RF power harvester 20 (and the
aPeeenabiede tpowdpisopptentdpli shasgdngsod baoknpreghargeable
t ry power supply, a switch could be

BgFgﬁggaed into the systeminorder to switch the RF

power harvester 20 (and the alternative power source

2 when_t he pri mar source is,lost. In this cas
ibﬁgpenna @QGEHeEe ¥EMt ai*Red PRSI EBTEr Epﬁceéegﬁcﬁhé power

odi,skdp ofs the deiGee [ %5hoﬁax\%i&9‘é’r(;@%bﬁlee)%§ﬁ’&é:'_;i/es with
of RF energy harvesting, several products were

r secobirgeed leo bandleddesan AP pdwes instance, the output from

the RF power harvester 20 (and alternative power source 24)

could be connected to either side of the protections
device. If the connection 1s Dbefore the protection
mechanism, the RF power harvester 20 (and the alternative
power source 24, if applicable) will recharge the battery
and supply power to the device. If the connection is after
the protection mechanism, the RF power harvester 20 (and
the alternative power source 24, if applicable) will supply
power to the device and the battery will supply any extra
power needed that could not be supplied by the RF power
harvester 20 (and the alternative power source 24, if
applicable). It should be noted that the protection device
in this case is not needed for proper operation. Its only
function would be to protect the batteries from being
installed incorrectly. An antenna could be contained

inside or placed on the outside of the device.
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harvester 20 (energy harvesting circuitry) . These

products include a wirel ess keyboard, a wall clock,
war@easxtesk cal cul ator. [0236] The wirel ess keR@DaRI06/621940

an exanpl e of recharging and augnenting a battery to

supply power to a device. This systemis shown in

Figure 13. The output fromthe regulation circuitry

recharges the battery and supplies power to the

keyboard. The battery is also used to supply power to

the keyboard. The keyboard al so includes a separate

ahﬁ%%%ﬁ f orAR@eeyi ngOPShBEraRdC R or Ofat &he device's power

C calions a nna, fi ' -

O 2 LB iSRS SR BB e
RF eudwgowenings syst 20n (dhed et | a Lt @cka wase rpdwerf | $dedce 24)
to i | ude an RF power harvester .20 and the, i nternal

A b Eer s ot e G S T e iR PR St e h  HAgLr antenna
Zooullepvalbnehbaek ddiith iete Needol £god abhOohebWutdidle of the
require a capacitor for storage to supply the pul se of

p&EFC® 0 nove the second hand.[0238] The calcul ator is

an exanpl e of using RF energy harvesting wi th another

energy harvesting technol ogy. The cal cul ator had an

i p0232Rl 1. B¥t ceinvtdeld bathedy cdndcanSihmhtisgl ahe device's

panel . The internal batter s renoved,. however, fthe,
s%?%?rp%%%?e%ﬁﬁofgﬁtb?n?%c%?ggﬂ?stg?s?%ﬂp?g %ﬁo%ﬁtFﬁrles and
Hgy1 &80 .thdh t Riixrsyshem RFh?&@éﬁUhﬁirﬁfes}ﬁa& regei \and the
power from both the solar panel and the RF power

alternative power source 24). In this case, the output
from the system would be connected to the batteries in
series or parallel depending on the original battery
configuration. An antenna could be contained inside or

placed on the outside of the device.

[0233] An additional option, would be to completely
redesign the product and integrate the required circuitry
and storage components into the device. This method is
probably the most advantageous because it can fully take
advantage of the benefits offered by the RF power harvester
20 (and the alternative power source 24). An antenna could

be contained inside or placed on the outside of the device.

[0234] If the RF power harvester 20 (and the alternative
power source 24) is used as a backup to the primary power

supply, a switch could be implemented into the system in
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harvester 20 to elimnate the need for a battery.
[0239] As an additional exanple, an RF power harvester

wWQQo06asRpgy harvesting circuit) simlar to thePONES2006/021940

shown in Patent #6, 615,074 (Figures 8 , 9, 12a, 12b,

13, 14), was connected in series with a 0.5V sol ar

cell. Individually, the solar cell was able to provide
0.480V to a 10 kil o-ohmresistor, which was bei ng used

torgbpul abe Lherenrecdevi 8P 28-6OPPORERESstdPi S20  (and  the
corresponds to 23 mcrowatts. The RF power harvesting

citternabyvet pevErwaouglsiee 2140 mrowlga X093 Hwrogssource is

D80, 4B Skt oLMIRDGRALS SUEPHLE T Bl dined snotde

noer phated. omhehtwoutktdyi bfouhputisviveee then conbi ned
in series by connecting the output fromthe RF energy
harvesting circuit to the ground of the solar cell

The285§put of Lhe,sehar @eldiwas dhelr connect egyt Athesting,
resistor. The other end of the resistor was conhected

t sevheayr puedlusft st hee RE epergyihéededid ngnclvdeai an T2 power
vpltage, acrgss  the resistor with the circuits
cBRRECTBti" a8 OSHOWR™ PR PRGUPE"64ugs  3UAu5Y) - TTgese products
coneegspends A 29898 Ckewabhsd, [ WR4Qk1IAS edbche seed, a desk
t he_conbi nation of the two technol ogi es produces a
reé34FtlAFgRer than the addition of the individua

powers. Fromthis, it can be determ ned that the two
technol ogi es can cooperate in a way that produces

f 80286b| e r &bal wgreless keyboard is an example of recharging

and augmenting a battery to supply power to a device. This
system is shown in Figure 13. The output from the
regulation circuitry recharges the battery and supplies
power to the keyboard. The battery is also used to supply
power to the keyboard. The keyboard also includes a
separate antenna for receiving power and for data
communications. The antenna configuration can be seen in

Figure 55.

[0237] The wall clock is an example of a direct powering
system. The wall clock was retrofitted to include an RF
power harvester 20 and the internal AA battery was removed.
This system is shown in Figure 2. The wall clock did not
need regulation, but did require a capacitor for storage to

supply the pulse of power to move the second hand.
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[0241] In the exanple given, the solar cell produces
current to supply the |oad and helps to bias the RF

WO ewbi18320g di odes, which allows the RF ener gyPCT/US2006/021940
harvesting circuit to operate a higher efficiency. The
solar cell also changes the inpedance seen by the RF
energy harvesting circuit, which produces a benefici al
result. To be nore specific, when exam ning the power

opppyg] of theei pdividHabrCiirCWHA £s58h31eaBd B%ﬂ%?MﬁF energy
e

harvesting) , the sumof the power captured by t
| pRIFVebANg cWiEDi BHORAS 2 BPRFARE N S5 tuWg Hemverlogy.  The

“@£gcﬁi‘§t£¥9 FGd Ol T S 38,6 ned and arceelaj'l'B%Q‘EQeE and a
work 1n conjuncti on with oné anot her, Phe ou put “power
becahks HIBMN pHued .r esuThe showsetrval  Gerdbieniyngwbbe removed,

two power - harvesting technol ogi es_produces a 30 , ,
DEPEBREE! nEPEase AT HRUERT boRRr SPBACER, s ydmesten is
Thhswsan® techngueocan be appld esyd©emul thel eLnef1tor can

harvesting technol ogies to Eroduce even greater output
pooeelvFheorgFatims Potht kns eodni eoanel shvdn thel R power

RE6oisL 0 100 Bt Ble el § peviy.

PN [ 0244] where Pl is the sumof the individual output
p?&EEE]PC igstg%(gﬁéﬁgiégafhgxggp é?egn RF power harvester
20 (energy harvesting circuit) similar to the ones shown in
Patent #6,615,074 (Figures 8, 9, 12a, 12b, 13, 14), was
connected in series with a 0.5V solar cell. Individually,
the solar cell was able to provide 0.480V to a 10 kilo-ohm
resistor, which was being used to simulate the core device
22 components. This corresponds to 23 microwatts. The RF
power harvesting circuit by itself was able to provide
2.093V across the 10 kilo-ohm resistor when being supplied
by 1 milliwatt of RF power. This corresponds to 438
microwatts. The two circuit outputs were then combined in
series by connecting the output from the RF energy
harvesting circuit to the ground of the solar cell. The
output of the solar cell was then connected to the
resistor. The other end of the resistor was connected to
the ground of the RF energy harvesting circuit. The
voltage across the resistor with the circuits connected as
shown in Figure 63 was 2.445V. This corresponds to 598

microwatts.

-53-



circuit Pl is the output power fromthe first power
harvesting technology P2 is the output power fromthe

w@e@onsB2power harvesting technology PN i s the PCI/p81006/021940

power fromthe Nth power harvesting technology Nis

t he nunber of power harvesting technol ogi es or
circuits [0245] As can be seen by the previous
exanpl es, RF energy harvesting can be used alone or in
conjunction with alternative power sources to power a

wi de range of devices . The addjtion of RF energy
hdP#éti ng '8chf8Pogyet 0SeRB, deviee @PIRaipn  of the two

I RGK [ [ Iy
D et e et ery T8 Hisughattion of
t éei niedt v biudbs poeersdescFirbrd i et &t dam the determined
f oi enbodi nents for .the purpose of illustratiaon

i :%’%% tgg%e tu%%e:r{%tct&r)l ltoﬁéLtessugﬁnde?oa%?eﬁ%t%oll@l yof gfdy that
t pab doidepo Favand lkatresarlitat.i ons can be made therein

by those skilled in the art wi thout departing fromthe

spirit and scope of the invention except as it may be

dggponiiied byt henfold Qg chalar, CllldBsd1arAte11 | produces

apparatus for an application conprising: a core evi e

havirorgnan tot egraped ciheuiltoaddr and helps to bias the RE
rectifying diodes, which allows the RF energy harvesting
circuilt to operate a higher efficiency. The solar cell
also changes the impedance seen by the RF energy harvesting
circuit, which produces a beneficial result. To be more
specific, when examining the power output of the individual
circuit (solar and RF power harvesting), the sum of the
power captured by the individual circuits was
23uW+438uW=461uW. However, when the two circuits are
combined and are allowed to work in conjunction with one
another, the output power becomes 598uW. This result shows
that combining the +two power-harvesting technologies
produces a 30 percent increase in the output power for this

example. This same technique can be applied to multiple

energy harvesting technologies to produce even greater

output power. The equations for this example are shown
below.
[0242] Individual Circuits
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the application; and a power harvester connected to

the core device to power the integrated circuit of the
w@omoe/18204 ce. 2 . An apparatus as descri bed i nPC/ab2004/021940

including an alternative power source connected to the

core device to power the core device in conjunction

wWith the power harvester. 3 . An apparatus as

described in Aaim1 including a power regulator

angeas]powetosbohagecekEGits connected to the power
harvester. 4. An apparatus as described in Caiml
i ncl udi ng aPpoivet: 5t &k ayePchar-ger Feonnected to the

arvester. ' o
LT et ngﬁssefggﬁgﬁéﬁé“%%ﬁﬁ%ﬁféﬁél%ﬁﬁhtf%%aéroutwt
u

harvester. 6 . An appara as described in Caiml .

wherein the core device in uﬂgs%}%nﬁﬁﬁgp%oﬁﬁeéﬂ%ﬂ ggmbined

the integrated circui E*8A8 to the power harvester to

power the memory. 7. An agBaréFu§j5% @&EEMhePYHr from the
e

Caim6 wherein the céi&s@epPreri herugesingskasbroleagy
An apparatus as described Pn dsaithe whwépeitn pheer from the
sensor includes a proxeaphy pensorhagvesphngppachnadogy
as described in Caim7 whegein the sensor pactodésormnthe N
i ntrusion sensor. power harvesting technology
N is the number of power
harvesting technologies or circuits

[0245] As can be seen by the previous examples, RF
energy harvesting can be used alone or in conjunction with
alternative power sources to power a wide range of devices.
The addition of RF energy harvesting technology to the
device allows for increased Dbattery 1life, increased

functionality, or the removal of the primary battery.

[0246] Although the invention has been described in
detail in the foregoing embodiments for the purpose of
illustration, it i1s to be understood that such detail is
solely for that purpose and that variations can be made
therein by those skilled in the art without departing from
the spirit and scope of the invention except as it may be

described by the following claims.
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10. An apparatus as described in Gaim7 wherein the
sensor includes an environmental sensor.1l. An

w@ppand2us as described in Caim7 wherein thePGENSING021940
i ncludes a chem cal sensor. 12. An apparatus as
described in daim7 wherein the sensor includes a
bi ol ogi cal sensor. 13. An apparatus as described in
Claim7 wherein the sensor includes a sensor in
contact with an autonobile, 14.CI&Mfpparatus as
described in daim7 wherein the sensor includes an
otecupancy sensorappbraBnsappar ahusppsidestonbedmpnising:
Claim7 wherein the sensor includes a notion sensor.
16. An appaaatuscadedeser hbednynafl ahtedrubeaecnrthet for
Ssensoapbhebudesna pegition sensor. 17. An apparatus as
described in daim?7 wherein the sensor includes a
netal deteckopowd8. nAPvaBParatysnastdgsehi bed bgrglééglce to
7 w@s£etﬂethﬁté89§9éd'89k89§§ 8r9ERSOkord GODE

ah aircraft. 19 An apparatus as descri a|n17

w@ere'n the sgasggpgggkugfgeaa?§;§$g§§°“gg %ed tgtbgcludlng

OV\BT

gs des B%glvﬁ g?ggﬁ1§oﬁﬁ8?eFﬂnPﬁ€t§ nEBr cFagesdgvice to
dP's Fﬁ 8nﬁ85?e ch?hénpﬁﬁﬁﬂuﬂﬁF%ggtﬂ% RothBvePvehe
dP8pFE§ted1. An apparatus as described in daim?7
wher ei n
3. An apparatus as described in Claim 1 including
a power regulator and/or power storage circuit connected to

the power harvester.

4. An apparatus as described in Claim 1 including
a power storage charger connected to the power harvester.

5. An apparatus as described in Claim 1 including
power storage connected to the power harvester.

6. An apparatus as described in Claim 1 wherein
the core device includes a memory connected to the
integrated circuit and to the power harvester to power the
memory.

7. An apparatus as described in Claim 6 wherein
the core device includes a sensor.

8. An apparatus as described in Claim 7 wherein
the sensor includes a proximity sensor.

9. An apparatus as described in Claim 7 wherein
the sensor includes an intrusion sensor.

10. An apparatus as described in Claim 7 wherein
the sensor includes an environmental sensor.
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t he sensor includes a sensor disposed in a building.
22. An apparatus as described in Caim?7 wherein the
w@emsns3200cl udes an i ndustrial automati on sensPCT/UBN6/021940
An apparatus as described in Claim7 wherein the
sensor includes a sensor in contact with an
el evator. 24. An apparatus as described in daim7
wherei n the sensor includes a tenperature sensor. 25.
Ahlappar at us as depperibed Ba GeacmiBedhéneChatime7 wherein
sehsosennolrudesladesr e skambdral2B6endnrapparat us as
described in G aim?7 wherein the sensor includes an
aceel eroneter an 2ppafBtappacatidscasbdasehi bedinn7GBeein
7twhesehBotrhensenses knehydegisalevehssensor. 28. An
apparatus as described in daim27 wherein the sensor
'mELudeS a gagy| eyel  SPNSOLs AckbulfeheYR! c$80R0F. Wb rein
gf Egg%n%§¥ehnéﬁﬂ E'azgenégraﬁﬁaeghgggﬁsw %ﬁcghbsggéﬂobile.
arm ereirn the sensor Includes a flow sensor. )
appar at us gs described in ﬁlainmég mhershn.thg h .
QEQSor i ncl udel 8PHAE3FPEW SeASEFT 185F afta“f oty 7 wherein
seN§oPSEOFi JRELPAGR 8BnSGFUPEPCY PFASAA"fI ow sensor.
31. An apparatus as described in Caim?7 wherein_the .
séfAsor includ®8 arpressurea§eAs§sFriled AR GppaRatughagein
deéBer EBREOrnliCrairAeslawRetéPn SRBS8Ensor includes a
gas pressure sensor or a fluid
l6. An apparatus as described in Claim 7 wherein
the sensor includes a position sensor.

17. An apparatus as described in Claim 7 wherein
the sensor includes a metal detector.

18. An apparatus as described in Claim 7 wherein
the sensor includes a sensor in contact with an aircraft.

19. An apparatus as described in Claim 7 wherein
the sensor includes an alarm connected to the power
harvester to power the alarm.

20. An apparatus as described in Claim 7 wherein
the sensor includes a display connected to the power

harvester to power the display.

21. An apparatus as described in Claim 7 wherein
the sensor includes a sensor disposed in a building.

22. An apparatus as described in Claim 7 wherein
the sensor includes an industrial automation sensor.

23. An apparatus as described in Claim 7 wherein
the sensocor includes a sensor in contact with an elevator.
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pressure sensor. 33. An apparatus as described in

Claim7 wherein the sensor includes a |light sensor.
wW@2006A8828ppar at us as descri bed in O ai m33 wheP&i/nS1006€021940

sensor includes an infrared |ight sensor, an

ultraviolet [ight sensor, an x-ray sensor, a cosmc

ray sensor, a visible light sensor, or a gamm ray

sensor. 35. An apparatus as described in Caim?7

wher ei n the sgRsgppanstudess adsteesiSeaensoCl3bm Awherein

apRar atHsoAsiHeseatbed tanbt Al WEeREHA. t he sensor

|ncludes a strain sensor. 37 . An apparatus as

escribed in gdhaimi-ubgreln §H6-580SQT 14Nl HH8ST Agherein
mﬁﬁéhs§§$§9rin§§udé9 gpfgfétgén cdescribed Tn dalm?

€ sensor |nclu es an e ectrlcal
ggracterlstl sensor S, as%?escr bed

Cai m 7 wh i EhatUe a8, P RET paee Svathe! herein
sBAS PenagT %acig &7 afls 2 GeC HBECRPhRR- in O ai m 7

wherein the sensor includes a current sensor. 41.

appar at us as BBsBPPREACLIA @FafRf7ripedein ?h@l@eﬁsﬁhereln
i pleeudessarvisedyfiey sehsvHel 39NSPAH- apparatus as

described in Caim7 wherein the sensor includes an
agdusti cal sehsomppdBatiAa appdeatusbad desCiabmd2Vnwherein
Cthens&npber éhnltilessengas lackldesnaospuadfiendotevel
sensor, or a light level sensor.

29. An apparatus as described in Claim 7 wherein
the sensor includes a flow sensor.

30. An apparatus as described in Claim 29 wherein
the sensor includes a gas flow sensor, a fluid flow sensor,
a light flow sensor, or a plasma flow sensor. :

31. An apparatus as described in Claim 7 wherein
the sensor includes a pressure sensor.

32. An apparatus as described in Claim 31 wherein
the sensor includes a gas pressure sensor or a fluid
pressure sensor.

33. An apparatus as described in Claim 7 wherein
the sensor includes a light sensor.

34. An apparatus as described in Claim 33 wherein
the sensor includes an infrared light sensor, an
ultraviolet light sensor, an x-ray sensor, a cosmic ray
sensor, a visible light sensor, or a gamma ray sensor.

35. An apparatus as described in Claim 7 wherein
the sensor includes a stress sensor.
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44. An apparatus as described in Caim7 wherein the

sensor includes a listening sensor. 45. An apparat us
w@2000@3204 bed in Caim7 wherein the sensor i neCT/US0&021940

t hi ckness sensor. 46. An apparatus as described in

Caim?7 wherein the sensor includes a density sensor.

47. An apparatus as described in Caim?7 wherein the

sensor includes a surface quality sensor. 48. An

appar at us as @éseppPbesdtig Esadesgribedeiin Cheisefiseherein

i Bekudessarvéngdmdesnsostrddn Amnappar at us as

described in Caim7 wherein the sensor includes a

pAysi cal sensan. E@paéataepaéaﬂé§c@§bd@3thb@glmn7chﬁb$b1n

7thbesenBotrhensensies knekydassangBgs sensor. 51,

apparatus as described in Caim?7 wherein the sensor
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conductivity sensor. . appara
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apparatus as descrlbed in Caim?7 wherein the sensor
ﬁ@ludes a vi bPafPBATSERS0RS 96SCAARPEEpanaflaims’ wherein
dEEEr?E@éOFnl@FéPﬁﬁv @heperant sensor.

471. An apparatus as described in Claim 7 wherein
the sensor includes a viscosity sensor.

42. An apparatus as described in Claim 7 wherein
the sensor includes an acoustical sensor.

43. An apparatus as described in Claim 7 wherein
the sensor includes a sound sensor.

44, An apparatus as described in Claim 7 wherein
the sensor includes a listening sensor.

45, An apparatus as described in Claim 7 wherein
the sensor includes a thickness sensor.

46. An apparatus as described in Claim 7 wherein
the sensor includes a density sensor.

47 . An apparatus as described in Claim 7 wherein
the sensor includes a surface quality sensor.

48. An apparatus as described in Claim 7 wherein
the sensor includes a volume sensor.

49, An apparatus as described in Claim 7 wherein
the sensor includes a physical sensor.
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t he sensor includes a radioactivity sensor. 57 . An
apparatus as described in Caim7 wherein the sensor

WO p@bsess a field strength sensor. 58. An appaP@Elr/us2086021940
described in Caim57 wherein the sensor includes an
electric field sensor or a magnetic field sensor. 59.
An apparatus as described in Caim7 wherein the
sensor includes a snoke detector. 60 . An apparatus as
descri bed in Ghaapparahes eid ddecsansodrin nClames? avherein
Ciat & Ofle IBHO X1 €161 €84 £C4 Ofias $ lsef¥o@ppar at us as
described in Caim7 wherein the sensor includes a
ragon det ect og, Q%parf@u§p£§r@€é@kf@e@efﬁr¢P 'ﬁ jiherein
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descrlbed in Caim7 wherein the sensor includes a

tak beam deReciBPardbHus mfS appRFhtRd fHp Gheim 7 wherein
appti TR POR EOFPRISH ny: dhsevres desReRr havi ng an
integrated circuit for the application; and neans for
re€ei vi ng enehgyamparehess| s atels provedi hy baen 7reherein
t hiee epengyrt Onthedesr en devieet & 'oi poweensor.

55. An apparatus as described in Claim 7 wherein
the sensor includes a vibration sensor.

56. An apparatus as described in Claim 7 wherein
the sensor includes a radioactivity sensor.

57. An apparatus as described in Claim 7 wherein
the sensor includes a field strength sensor.

58. An apparatus as described in Claim 57 wherein
the sensor includes an electric field sensor or a magnetic
field sensor.

59. An apparatus as described in Claim 7 wherein
the sensor includes a smoke detector.

60. An apparatus as described in Claim 7 wherein
the sensor includes a carbon monoxide detector.

ocl. An apparatus as described in Claim 7 wherein
the sensor includes a radon detector.

62. An apparatus as described in Claim 7 wherein
the sensor includes an air quality sensor.

63. An apparatus as described in Claim 7 wherein
the sensor includes a humidity sensor.
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the integrated circuit of the core device, the

recei vi ng neans connected to the core device. 67 . A
woreaohosB20or an application conprising the stepBCDiS2006/021940

converting RF energy into usable energy; and powering

an integrated circuit of a core device with the usable

energy. 68. A nethod as described in Caim67

including the step of regulating the usabl e energy

provided to the core device . 69. A nethod as

degcribed in £ algp8Batns! a8li MgsEhEoSd Py of 1 81RT T NBherein

t e @@E&&eyg WdedOa @w&% hode 28 desgLibed. in Oaim

69 1 ncl udi ng t e step of providing power to the core
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By 37 85 whes bRTCT 5?%%%?& *hertats a computer
peri pheral .72, An ap Paratus as descr] bed in daim71,
wherein the cORPBPRALPEVF phef afli HePtHedt LoRandRRF 45 ing:
gane. 73. An apparatus as described in daim?71
wherein the conputer peripheral includes a gam ng
system 74.aApozppaeutos haviegcaibedtegrara@dneyacuit for
whiee eappl heatboput endperi pheral includes a gane
controller. 75. An apparatus as described in aim?71
wher ei n means for receiving energy wirelessly and
providing power from the energy to the core device to power
the integrated circuit of the core device, the receiving
means connected to the core device.

67. A method for an application comprising the
steps of:

converting RF energy into usable energy; and

powering an integrated circuit of a core device
with the usable energy.

68. A method as described in Claim 67 including the
step of regulating the usable energy provided to the core
device.

69. A method as described in Claim 68 including the

step of storing the usable energy.

70. A method as described in Claim 69 including the
step of providing power to the core device from an
alternative power source in conjunction with the usable
energy.

71. An apparatus as described in Claim 6 wherein
the core device includes a computer peripheral.
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the conputer peripheral includes a controller. 76. An

apparatus as described in Caim71 wherein the
w@eovpasero4 peri pheral includes a keyboard. 77. PB®I/US2006/021940

apparatus as described in Caim71 wherein the

conmput er peripheral includes a nouse. 78. An apparatus

as described in Caim71 wherein the conputer

peri pheral includes a conputer termnal. 79. An

appar atus as #esepphedtin &sadesdtibbér éhnCihém 71 wherein

CBApUtBhpREEirpperabhkpal utdasl cagpubenastinedgegae. An

apparatus as described in Caim71 wherein the

cogput er per'ﬁﬁeéébakBEth§§ HQHEHEBédGQH'@ﬂEEh 781lyherein

AEhéPBéhth% EeQﬁ?ﬁEkQ§d1h81ﬁhéb”h7 &H?Bg Qy& Em.

sensor ermal energy sen

app aratus as gescrlbe 9 a|n1ngggre&gﬂ&ﬁglﬁegﬁo&hereln

£pb
;gﬁ'aSES%p%%a%. celholtRgnsTosenser gswsoPOPEEPE%g a

nmechani cal sensor. 84. An apparatus. as described_in
a/3im 7 wher eP'R RRB3&8HESr 2PnEraaEsPSH 6BtF&§Pms@ﬁ38Pereln
gbhepgonppaLEt G§ra®hgsser iPE4UPRSCRaFRN L RAEREI N t he
sensor includes a radiation sensor.86. An apparatus as
déscri bed i n Bhapprzrabesebs thecséhsdr inn€llades 73 wherein
seéhsocomputent aetrinwhelrad vehilicbes 87keghoappar at us as
described in Caim7 wherein the sensor includes a
sensor in conhackppbirhtaswaketegtefibed in Claim 71 wherein
the computer peripheral includes a mouse.

78. An apparatus as described in Claim 71 wherein
the computer peripheral includes a computer terminal.

79. An apparatus as described in Claim 71 wherein
the computer peripheral includes computer storage.

80. An apparatus as described in Claim 71 wherein
the computer peripheral includes computer equipment.

81. An apparatus as described in Claim 7 wherein
the sensor includes a thermal energy sensor.

82. An apparatus as described in Claim 7 wherein
the sensor includes an electromagnetic sensor.

83. An apparatus as described in Claim 7 wherein
the sensor includes a mechanical sensor.

84. An apparatus as described in Claim 7 wherein
the sensor includes an optical sensor.

85. An apparatus as described in Claim 7 wherein
the sensor includes a radiation sensor.
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86. An apparatus as described in Claim 7 wherein
the sensor includes a sensor in contact with a vehicle.

B7. An apparatus as described in Claim 7 wherein
the sensor includes a sensor in contact with a water craft.
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