PULSE TRANSM SSI ON METHOD BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present invention is
woeb@iosth7i 0 W rel ess power transm ssion to a reCEIUSE07/000568
to power a |load. Mre specifically, the present
invention is related to wirel ess power transm ssion by
a transmtter to a receiver to power a |load using a
power sensor which can sense when other transmitters
are transmtting in order for the transmtter to
transmt the pul ses at the appropriate tine.
Description of Related Art [0002] Current nethods of
Radi o Frequency (RF) power transm ssion use a
Cont i nuous Wave ( CHUESE({TRANIMISSHEAMEZHORNsNi tter

conti nuously suppl [ﬁf\sﬁg NLO @

renote unit (anter%‘géK?%%¢ﬁS% @F)Ei[ﬂ\:;l ce vvever

r Bxlld 6f e Theentmm ef ficiency that is proporti onal to

o o SaRble e B el 5r el %o e pove
devedmeigsion tth at reteiver w $10ag. tMerd gp%nmﬂatlyesﬂlegﬁw@ht invention is

(On-Of Keyi,ng (OCK) e carrier frequency). BRIEF
StaiNEkR Y CHTERES PWI\FFF@WT%%?}’ fanERIEE e 3 TR e ipower a load

Pasihgiafowd? Bnddraimith lch kerfse wHanatBen trddsRAHQWRE transmitting in order
W relessly to a receiver to power a |oad. The

t Ferrfberrannitien Hpirpassait thenplsss apwaparapriafoimgr oduci ng

pﬂe%%?gtﬁafnm&edm transmtter conprises a power
S€ can sense when other transmitters are
transm ttind0PO2lor défurfant thethgdmedt dadio t¥masericy (RF) power
tprgnﬁmsg‘i‘aﬁ e tJ]GC(ﬁ'Rﬁ]lrugﬂg | #¥afe tddW) system. This means a transmitter

continuously supplies a fixed amount of power to a remote unit (antenna, rectifier,

device). However, a rectifier has an efficiency that is proportional to the power
received by an antenna.- To combat this problem, a new method of power transmission
 was developed that involves pulsing the transmitted power (On-Off Keying (OOK) the
carrier frequency).
BRIEF SUMMARY OF THE INVENTION

[0003] The present invention pertains fo a transmitter for
transmitting power wirelessly to a receiver to power a load. The transmitter comprises
a pulse generator for producing pulses of power. The transmitter comprises a power
sensor which can sense when other transmitters are transmitting in order for the
generator to transmit the pulses at the appropriate time.

[0004] The present invention pertains to a power sensor for a pulse
generator of a transmitter which can sense when other transmitters are transmitting in
order for the generator to transmit the pulses at the appropriate time. The sensor
comprises an antenna. The sensor comprises an analog to digital converter or a voltage

comparator or an input pin.



[ 0004] The present invention pertains to a power
sensor for a pulse generator of a transmtter which
woam7gsnge when other transmtters are transnm PCTUG200M000568
order for the generator to transmt the pul ses at the
appropriate tine. The sensor conprises an antenna. The
sensor conprises an analog to digital converter or a
vol tage conparator or an input pin.[0005] The present
invention pertains to a systemfor power transmn ssion.
The system conprises a transmtter which transmts
pul ses of power and which senses when ot her
transmitters are transmtting in order for the
gener at or t d0@3nsnikhet Ipzessut Segerdiont Ipertaimsr tpr4 agystem for power
i Ik]e %na-ggg:gsgﬂ e%} {éﬁp?éﬂaqﬁgsc’este} t[é'%f:s 1&? Wmh%panrsgfftg p\{x?ses of power and
t Mdmei'msenses Whnerpotmr teankmditers [a@@@ﬁhsxﬁhﬁn@ nnscmjer for the generator to
|nvent|o to a nethod for. fransmtti
¢ S8l e PSR o Tt dp PRt St The SRR R B8 Feceiver which
t heceplicg e p.ilswcﬁtbmeﬁgranudn&w 10f thp pesier mﬁdamateptd B®ver a load.
gener at or. 5h g is.the step .of transmtting th
pul ses based98R0k polies PcE JPVEIHOBHPEIANS Bhadmsiiigs] for transmitting

ObhB®er t6 ANSALVELES p@%r reAe MTHe MSthod Snbistisel Qhe ts{b@s of producing
generator to transmt the pul ses at the appropria

t PHises Pgoer with ar@g%gew%ht i B i thei fiep ©f tlzmsmlttmg the pulses
aBQ%@&S‘% Sd;wert sreﬁﬁbﬁr‘%vhfchrkgmps%w?é when Q)tlﬂ&%éﬁéﬁﬁtt&@ are transmitting in

power a The apparatus conprises a plurality of

t PEIRS P ﬂ@rg@ner@mﬁo drnghitdhe pHegsad éhqofmps‘é@ﬂiﬁﬁ tigtner

and each. of h g S at.c

sense when t ﬂrqanzimetnt l%gergr gﬁg%rﬁ%’um ng the focﬂl é% Wparats  for

stransmwitting pgwat ooz tecaivsnia pavercalnad.r The pppartine cpwipsisss a plurality of

a%ra}lpr%it?e? reoa%['l' S &/P&éhnﬁro\éf&cg q’(‘_fg%g] r_r[%o%lfe\:/reg'ncp %?él‘p of which having an

recer ver o power e presen
| avseoiatahsqeot tatsat aexasenwhdsmmeftmnshnnm rird prodycp@vshe pulses so the

: %%s%giagﬁgﬁver %tsﬁ%a\l\ﬁ sm1 aedpuls-le-zlg %t H%tal?)%ldop%o n?{lme which are received
by the receiver to power the load.

' [0008) The present invention pertains to a method for transmitting
power to a receiver to power a load. The method comprises the steps of producing
pulses of power from a plurality of transmitters each having an associated sensor that
can sense when the transmitters are producing the pulses so the associated transmitter
can transmit the pulses at the appropriate time which are received by the receiver to
power the load.

[0009] . The present invention pertains to a system for power
transmission. The system comprises a transmitter which transmits pulses of power
having an average transmitted power. The system comprises a receiver which receives
the pulses of power transmitted by the power transmitter to power a load. The pulses
produced by the transmitter yielding voltages at the receiver which are higher than

continuous-wave systems having the same average transmitted power as the transmitter.
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pul ses of power froma plurality of transmtters each

havi ng an associ ated sensor that can sense when the
wonrentasidriers are produci ng the pul ses so the PCT/US2007/000568

associated transmtter can transmt the pulses at the

appropriate tine which are received by the receiver to

power the |oad. [0009] The present invention pertains

to a system for power transm ssion. The system

conprises a transmtter which transmts pul ses of

power having an average transmtted power. The system

conprises a receiver which receives the pul ses of

power transnitted by the power transmtter to power a

| oad. The puPCHY prdbaceespyt tmentionnpeitainer toyiselsysten for power

\% t [ Lgh are .hi £t .than .

0! e LFa il B il WRlen Wlmits puises of power,

t Flag 8Yfitern e@mpoises 2 aeceivee atlaptad o be disppOAIIA]a Patéent which receives the

' iLon.-.hantains to system for power
RS e doce bR b0 Botvdr Fedd St omtordtaBad uni ch
transmts glﬁﬂ%ﬂg :Jf TEeV\gfeselilfh&@ﬁbﬁn”pelfﬂﬁi ltfn‘»ewri? %ﬁ'stem for power
r ver. ed to be disposed in a patien i
oSl TS, PYSE™ SOmBIaeT & FAPRRIEE vtisly tieHEm s Ruises of power

thizavirsgybh eerape tpnsritted podrs. ThEQIdtmItnPiRS @eceiver which receives
ventl on ertains to %tsyst em for power transm ssi on.

| .

ThE PP Sh PO AR, B HeP QY & rafisiitien ot sload.  The pulses
pitbéesediby Av@inshiMéreRing A@nBH8ohd §PTEithE0vA %g@g at the receiver
Thﬁ.gyst nlcongrlses_a recei ver which receives th
pUM§arpr A COREHONE P VESYSisEISplANeng theasmme avemge transmitted
t ORI fth SAtrhd@flitter BiERHE %§§er2rr9&w§§ig by g&:la{%r distance.

transmtter |eldlng I NSt ant aneous oﬁen cireult

vol t ages at [9H2]r ecéhe epreggritc invention| pértaing Hana system for power
GRAHsHTISAPOES - Ve W L g i eLa98 s

transnmtted pom§§M§§ t t%%%é%%? é?ggﬁgﬁflﬁg PRIE Pppes of power
ey 4t Average tjresmitted poseandbe sygebXonThriseprasaiiver which receives

e ST S T L
pubdwesddfy thevweansmitter yielding instantaneous open circuit voltages at the receiver
which are higher than continuous-wave systems having the same average transmitted
power as the transmitter enabling direct powering at greater distance.

[0013] The present invention pertains to a system for power
transmission. The system comprises a transmitter which transmits pulses of power.
The system comprises a receiver which receives the pulses of power transmitted by the
power transmitter to power a load and transmits data when. the transmitter is not
transmitting a pulse.

[0014] The present invention pertains to a method for transmitting
power wirelessly to a receiver. The method comprises the steps of sensing power by an
RF power sensor. There is the step of transmitting power wirelessly by a transmitter if

the power sensed by the sensor is below a threshold.



havi ng an average transm tted power. The system
conprises a receiver which receives the pul ses of
woawerstoransi tted by the power transmitter toPODWSR002/000568

| oad. The pul ses produced by the transmtter yielding

i nst ant aneous open circuit voltages at the receiver

whi ch are higher than conti nuous-wave systens havi ng

the sane average transmtted power as the transmtter

enabling direct powering at greater distance. [0013]

The present invention pertains to a systemfor power

transm ssion. The system conprises a transmtter which

transmts pul ses of power. The system conprises a

recei ver whil@M3kce] PEFRENHUNYRYIon psE@ls to a system for power

t (raRGHiIskioRd The §REnP Q¥RPribdsa&Thdrhifter Hidt ?PMCCQpLQQQOf power. The

and transnits data when the transmtter i's not ) .

t PYThER Sampigses racswer o tig[locpted mmsédsent belmind ren lamuenulatmg medium.
j - et f i t1] r_w.relessly
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sensi ng powel00bg§] an The possent sevadion Peerimsi o thesystedp for power
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e e BT e A E—
e e e 0 0 e rer
system f or ansni s [ .
¢ FSRERP BB atng, B0 8 el st en B ugrenior iban jisve mbtained by o
C COMiniuDas-vave 89 sickedt ahhabrags pb%ﬂleﬁ@l thatisdBe HmdLNhe ‘iverage value.
an attenuat H&g} _di gl}'}'?a The receiver receives the

i n

pul ses of p dresent HiyRBtHOR PPRAAS t¢ gageiiverrhich wirelessly

PreR8RBE puldés BE poWepeMhairfive? BnpRte QUi WRED receives the pulses
trgnsm’ ssion. The ﬁ%‘?tem conprises a transmtter that
pP

pRves thrpyses ysltere veltazay abimeaoesivajavhigh gee higher than continuous-
S ' : ' t r ' h .
ey PORRTAURENEE Sl thithles p o e £l " TR oblber comprises a
dsteragscdayicy watleptrichlaspramosieatitn aithethelryctifier which is powered by the

_C%ic'ihgf‘mléﬁa\’@é@i sk ?g%c?e'ierﬁnnﬁ g%m&gmﬁ‘e{/eﬂ of eplo“;elg.at The receiver

ISthQ sane as the a age va
comprises a load in electrical communication with the storage device and receiving

power from the storage device.

[0018] The present invention pertains to a receive.r which wirelessly
receives pulses of power. The receiver comprises a rectifier which receives the pulses
of power, the pulses yielding instantaneous open circuit voltages at the receiver which
are higher than continuous-wave power having the same average power as the pulses
enabling battery recharging at greater distance. The receiver comprises a battery in
electrical communication with the rectifier and receiving power from the rectifier.

[0019] The present invention pertains to a receiver which wirelessly
receives pulses of power. The receiver comprises a rectifier which receives the pulses
of power, the pulses yi€lding instantaneous open circuit voltages at the receiver which
are higher than continuous-wave power having the same average power as the pulses

enabling direct powering at greater distance. The receiver comprises a storage device in
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[0017] The present invention pertains to a receiver
which wirelessly receives pul ses of power. The
woecewiogea7iconpri ses a rectifier which recei vespPtigs2007/000568
pul ses of power, the pul ses yielding voltages at the
recei ver which are higher than continuouswave power
havi ng the sane average power as the pul ses. The
receiver conprises a storage device in electrica
communi cation with the rectifier which is powered by
the rectifier and provides a predeterm ned conti nuous
| evel of power. The receiver conprises a load in
el ctriﬁgh conmunj cati.on with the storage device and

SloEiriopl, GomIRBHCa 0, Mo ther Fokiger devikds pows] thahe rectifier and

Ppe&alds a préeattindined® @bh@hibes 1R of BGGLY € ' : :
wirel essly receives pulsessof pgmggg%¥hgh¥g%%ﬁ§éfmn““wesaRMd‘n

c ﬁf)‘ir]icgle%orﬁmf‘l@é:?ﬁ?]il _é‘fiﬂ\/\ﬂhp @Wfﬁﬁ:@maﬂd’]@‘?pﬂ’ﬁ@%)\&ér from the storage
Pa¥BEe. IR RULISES cahﬁhgésn%(:)dgﬁhﬁglte@lﬁlﬁzgﬁé?gﬁh Do YWith the stofage

vol tages at the recelver are an
ceRtichErsLIscoiNing provasframa thengiorage device aver age power as

Lhe pul ses_ g6 NOTHERLEL, hEENAN0IR U SBLEH or veing pulses of

di stance. The receiver conpri
eP@terricgeived wriralasislyalty emesiven. tThe mewhbd fdogtprizélthe steps of receiving

I 6 S,Yd romthe rectifier. 019] The present. .
i nv _r111t gleg%fgg\r%t%glb 55 l{pgtlgerr(gﬁtg?a vEF bﬁ’e #éf"%ﬁfﬂ}’f providing by the
rescefioreaepgy fom the podsee bf pdWer. I Bt Y€ TheGRE6 P®RPerthg a load with the

rectifrer ich.receives the pul ses of power, the
ﬁ%F% sh§Fgﬁgfﬁgﬁ%ﬁStantaneous open circuit voltages at

the rBREINBESERIPTIONSORITHIE BEMEIA L WVEWY S THYBRAWINGS
power haV|n%gb5? sajge average power as the pul ses
P

enabl i ng di oWEISUERS dE-16r B¢ e Bictariahcexplammsion of the pulse

reasnigiorC RoRigEE 6t thePreNeAbBVERYILE | nel ectri cal
communi catign with the rectifier which is powered by

the rectifi 81022hd pFighreidds & Yedddiagram néc tramsnnissionisystem of the

| ¥t pfveRQ¥er . The receiver conprises a load in
el ectrical communication with the storage device and

recei ving pt8l f r ofenree3 shayysdlyesw dguilsed walebornesaionstiucted using a
CRRRr BRRieAcy. 0ad i-n el ectrical communication with the :
st or age '

[0024] Figure 4 shows an example of battery recharging with a

pulsed transmission method system.

[0025] Figure 5 is a block diagram of a receiver with a clock
generator.

[0026] - Figure 6a and figure 6b is a block diagram of a multiple
transmitter, single frequency, multiple timeslots embodiment; and an associated pulse as
a function of time, respectively.

[0027] Figure 7 is a block diagram of a timeslots selector
implemented using an RF power sensor including an RF energy harvesting circuit.

[0028] Figure 8 is a block diagram of a microprocessor in

communication with the RF power sensor for control of the RF power transmitter.
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devi ce and receiving power fromthe storage device.

[ 0020] The present invention pertains to a nethod for
waziirgspui ses of power received wirel essly by BCT/US2007/000568

receiver. The method conprises the steps of receiving

the pul ses of power by a rectifier of the receiver.

There is the step of providing by the rectifier energy

fromthe pul ses of power. There is the step of

powering a load with the energy fromthe rectifier.

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NGS

[0021] Figures la-1d are a pictori?I Explanatlfn of

the pulse tr SS|on t echni que of the presen

i nvegt i on. @Eiﬁ} FEGRHTE %lsl@qﬂg%m@ﬁkﬂﬂ’it &Rpyahe ysedaby the controlling

t FABDEbSGHIMR. SYystem of the present invention. [0023]

Figure 3 shows how a pul sed waveformis constructed

using a carrp@?mfreéfe@ﬁéylo[1@024P109kgdmgr34nshf)\m ®F power sensor

exiRlcedab at@k;uﬁrﬁée& ec‘& ﬁf\g&@? 8%%]‘1 %nglut!o ) 1cropr6cl)c8§s85 for control of

transm ssi on nmet hod system I'gure
d?%&ﬁa?ﬁ\’bﬁfrt@nﬁ@mrver with a clock generator. [0026]

Figure 6a a;[g ii]gur%lgﬁ‘eu% %n |OCk a%raﬁﬁoﬂf(&agram of an RF power

mul tiple.transmtter,”sing gliehc
t ansef tnplemehisdiwitng ﬁepamde mneanaamdashadff putveeseédSoRimplemented with

5t B0 o ER AT Pl 7L
using an RF[pes®r s®&igmee tncisudi BbchRN d¥er&ACbYYmultiple transmitters,
har Ytlpsit Iﬁrf]:gugrllcrxgsuhg timeslots embodiment of the present invention.

[0033] Figure 13a and figure 13b is a block diagram of a single
transmitter, single frequency, non-return to zero embodiment of the present invention,
and the associated power versus time graph, respectively.

[0034] Figures 14a and 14b is a block diagram of a single
transmitter, multiple frequencies, multiple timeslots embodiment of the present
invention, and the associated power versus time graph, respectively.

[0035] Figures 15a and 15b is a block diagram of muItlple
transmitters, single frequency, multiple timeslots embodiment of the present invention,
and the associated power versus time graphs, respectively.

[0036] Figures 16a and 16b is a block diagram of single transmitter,
multiple frequencies, milltiple timeslots non-return to zero embodiment of the present
invention, and the associated power versus time graph, respectively

[0037] Figures 17a and 17b is a block diagram of a single
transmitter, multiple frequencies, multiple timeslots, return to zero embodiment of the
present invention, and the associated power versus time graph, respectively.

[0038] Figure 18 is a block diagram ‘of multiple transmitters,

multiple frequencies, no timeslots, varied amplitude embodiment of the present

invention.



[0028] Figure 8 is a block diagramof a m croprocessor

in communi cation with the RF power sensor for control
woh0d7w81RF power transmtter.[0029] Figure 9 i BCaWS2007/000568

al gorithmthat may be used by the controlling

m crocontroller. [0030] Figure 10 is a block diagram

of an RF power sensor connected to a circuit used to

provide a digital signal to a mcroprocessor for

control of an RF power transmtter. [0031] Figure 1la

and figure 1lb is a block diagramof an RF power

sensor inplenmented with a separate antenna, and an RF

power sensor lemented with the RF power

transmttingo Q%ennflgt}ré%pb%q iapd| V9] (932] blpplgud@gmn of multiple

i frafsrhitRek rﬂﬁlﬁsreamcﬁfenwéumgjofg, id {lﬂ&gf&é *vgﬁ H&u % @nd associated

frequenci s, no tineslots e sen
|H9¥¥ﬁTY‘%¥ﬁus{1m@$B%ph541@m6@tltsla and figure 13b |s a bl ock

di agram of 3[0611@9' eﬁn%ﬁ | rrent e(r)l?] %ﬁlﬁg!%ﬁe}%rggﬁfgerggglber including data

non-return to zero e
|ﬁ>9@$ﬁtm@rappmma he assom ated power versus tine graph,

respectivel 034 es l1l4a .and 1 a bl ock

di agr am of Jo SI gl e g?ﬁn ?‘f"é(F a tﬁ“élaél ey medium in regard
ntd thiepiresent mshmms enbodl ment of the present .

i nventi on, ower__versus tine graph,
respectivel y, %%%%@ﬁ@%% THE W]%NH(%’H

di agram of Mo042]pl e A c&BpIBd hﬁd&staﬁdlﬁglcﬁ‘ the SAVERON will be obtained
n‘ﬁl ti {t) rresl ots enbodi nent of the present

3\’{31& Hescaptige | wheny tﬂ’éﬂﬂe in \eengeaion with the accompanying
odaphisg ﬁ@ﬁﬁa@@ﬂidréiﬁ'lﬂce ref8R36L cﬁéﬁ%ﬁsﬁd&%@ﬁﬁ% éJ]ath tfn%ughout

bl ock di agram of single transmtter ‘
frequenci es,[0MAlt i pFer ppesssifshedescription hemmaﬁer,ahe terms “upper”,

e"‘l’@ﬁz@'f’fleﬂ‘iglﬁf’, ERgrpresph, “horizontal”, “top”, “bottom”, and derivatives
thereof shall relate to the invention as it is oriented in the dravs)irig figures. However, it
is to be understood that the invention may assume various alternative variations and
step sequences, except where expressly specified to the contrary. It is also to be
understood that the specific devices and processes illustrated in the attached drawings,
and described in the following specification, are simply exemplary embodiments of the
invention. Hence, specific dimensions and other physical characteristics related to the
embodiments disclosed herein are not to be considered as limiting,
[0044] - Referring to Figures 2, 8, 1la and 11b, there is shown a
transmitter 12 for transmitting power wirelessly to a receiver 32 to power a load 16.
The transmitter 12 comprises a pulse generator 14 for producing pulses of power. The
transmitter 12 comprises a power sensor 46 which can sense when other transmitters are
transmitting in order for the generator to transmit the pulses' at the appropriate time.
[0045] Preferably, the power sensor 46 is in communication with the
pulse generator 14. Alternatively, the power sensor 46 is in communication with a

microcontroller 48 controlling the pulse generator 14. Altematively,‘ the power sensor
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i nvention, and the associ ated power versus tinme graph,
respectively [0037] Figures 17a and 17b is a bl ock
wdizegream7of a single transmtter, multiple freguemns2®s/000568
multiple tineslots, return to zero enbodi nent of the
present invention, and the associ ated power versus
time graph, respectively. [0038] Figure 18 is a block
diagramof multiple transmtters, nultiple _
frequencies, no timeslots, varied anplitude enbodi ment
of the present invention.[0039] Figures 19a and 19b is
a block diagramof nultiple transmtters, nultiple
frequencies, multiple timeslots, varied anplitude, and
a8 dz inneupmypigation st an analee tr diglisl converterclé iretogmmunication with a
' ' [ cei.v ‘
e e A<l DU CBIC AR 9 B HESE i anre 19
shows a bodyl08#%1 an Thetrerssagenetatoetd vm includgafidqhency generator 20

i | | on. ON.OF. THE
| RGERE RN et 558 b SRl 22 R RoPERa T Bttt e Treauency generator

| PUemidi am antdrinabEB. obillere) edn fyeo am tdn@bleP|A40WHG: controls the frequency

BB s Y RS0 BOPIEE B bl sty et
climealiirsticn beteoen pyistd. ke parts throughout. [0043] For :

d i pti hereinaft er the terns
P ﬂgggffs olf dhﬁ?ﬁ], esﬁhéﬁ%&n? rc]luyaéiop--i,s prgfeFably, greater than one-half of one
" &l 6Qﬂieaﬁré'queﬁé§9Eéner5tgpﬁ@ efifput.and derivatives thereof
shall relate to the invention as it is oriented in the
drawi ng fi gUP@7l Hoddgqrowerofithe trgnpaitipddutsasowe henequivalent to an
t Besrh gty BBV Bf TEOOnABRME WY A hBWer Blah&hIY hV§ystem. TheI average power
variations and _step sequences, except ere-expressly -
sPevg of g pudses repreBmal s dgtermineddyal so to be

p _ Pk (Tpyrse)
G =

r PERIOD

[0048] The pulse generator 14 can produce a contiﬁuous amount of
power between pulses. The pulse generator 14 can produce pulses at different output
frequencies sequentially. Alternatively, the pulse generator 14 can produces pulses at
different amplitudes.The pulse generator 14 can include a plurality of frequency
generators 20, an amplifier 22, and a frequency selector 39 in communication with the
frequency generators 20 and the amplifier 22, that determines and routes the correct
frequency from the frequency generators 20 to the amplifier 22.

[0049] The pulse generator 14 can transmit data between the pulses.
The pulse g'enerator 14 can transmit data in the pulses. The transmitter 12 can include a
gain control 26 which controls the frequency generator 20 or the amplifier 22 to form
the pulses. The gain control 26 can define a time duration between pulses.

[0050} The present invention pertains to a power sensor 46 for a

pulse generator 14 of a transmitter 12 which can sense when other transmitters -are
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understood that the specific devices and processes
illustrated in the attached drawi ngs, and described in
woOheo7iosid7ow ng specification, are sinply exenpbPargs2007/000568

enbodi nents of the invention. Hence, specific

di mensi ons and ot her physical characteristics rel ated

to the enbodi nents di sclosed herein are not to be

considered as |limting. [0044] Referring to Figures 2,

8, 1lla and | ib, there is shown a transmtter 12 for

transmtting power wirelessly to a receiver 32 to

power a load 16. The transmtter 12 conprises a pul se

generator 14 for producing pul ses of power. The ]

t FARgRitERS I oules dorthie eseratqydodransmitsbe puBeswai tie aparopriate time, as

S r ' J 11t NGl N .

o e MR L The SR Wb ChimpRke o BSt |40 3nkdepser 46 comprises

approplogapaigitgteconye@ersi6 or afveltagd gyompiretop@nan iapuisgin, as shown in

i? L {) communication with the pul se generator 14.
gernafively, the power sensor 46 is in conmunication

Wi th a mcrd605tl ol ITe pfsextninvehtiom etthids il aesystem 10 for power
nerator 14, Al ternatjvely,.the power, sensor46 is in, :

CEARITRISBEPT oty Reth ArGrises P gviFoE A ke, Sagismits pulses of

| powenanidi whichosensed vinmbiBED GRAREHAtre faret Sratomttiifk | ihN8rder for the

the pul se generator 13, as shown in figure 10. [0045]

TREBHPE do diaeidy B Pilies 2 the, ePRIGRIIAeY H1Bey Asgipwn in Hgures 2 and 8.

gFRergstel RPchapHsg DfecovePy wiAdH r&BivdMd hhisés dZpdwer transmitted

communi cation wth the frequency generator 0 and ‘an ‘

aBY dhmROWST trimapidter 42 tpoxter @nlgpd dp. Rrefmatdy, therreeaver 32 transmits

t B&tafFIRAUEB E¥n SRAERE 35 3¢ ndQrRkmiifg Rl i er 22 to form
t he pul ses. The enabl er 24 prefergbly é%flnes atime

durati on betl@B8H pulThesprefapdiaiention pariansdter atahod gor transmitting
p ‘abl e-h ({ f | f th

PHERE 01, o S, T 45 98 LS, S o s o
t prasypingt muses ifqmaves avitlbe pelpeigeabmnir tdo Hreravett@geep of transmitting

_ﬁ’_%\e%egl%}g%sag%s%g OIHVI\lﬁ ?%%%ervg%\ﬁgorp%rhi&{ P rsgric’s%ixgﬁens Xﬁmte? rt;nransmitters are
transmitting in order for the generator to transmit the pulses. at the appropriate time.
| [0053] The present invention pertains to- an apparatus for
transmitting power to a receiver 32 to power a load 16, as shown in figures 5 and 12.
The apparatus comprises a plurality of transmitters 12, each of which produce pulses of
power and each of which having an associated sensor 46 that can sense when the
transmitters 12 are producing the pulses so the associated transmitter 12 can -transmit
the pulses at the appropriate time which are received by the receiver 32 to power the
load 16.
'[0054] The present invention pertains to a method for transmitting
power to a receiver 32 to power a load 16. The method comprises the steps of
producing pulses of power from a plurality of transmitters 12 each having an associated

sensor 46 that can sense when the transmitters 12 are producing the pﬁlses so the



Pavg of the pulses is preferably determ ned by PEAK (

PULSE ) P AVO = 1 PERI OD [0048] The pul se generator 14
woam7msoduce a conti nuous anount of power betweemUs2007/000568

pul ses. The pul se generator 14 can produce pul ses at

di fferent output frequencies sequentially.

Alternatively, the pul se generator 14 can produces

pul ses at different anplitudes. The pul se generator 14

can include a plurality of frequency generators 20, an

anplifier 22, and a frequency selector 39 in

communi cation with the frequency generators 20 and the

amplifier 22, that determ nes and routes the correct

f espgistrs) thpemittencl ¥ cen)uenepitgbnardsesr &t @@ appropréate time which are

aqpéewe!dq{y t%g Te:{?@\%}% tl?ﬁggg t}%:logf E‘%.r ator 14 can

transmt “data between e€s.  The pul se generator

14 can trans®065Hat dalhen ptdsentpirveeton Teetainsates &l §yisesm 11D for power
can &legge a gain.cgptr05 mhi%h G ntrols the . 12 which
f HEYTEREY "y BREFAY B 2BEY “t e AT i er COBPHYS folrpRHler 12 whic
ptlag@fits ThidsegaoN poomt relvims af advegi@del B@ndnitiedepsivgrat iTHe system 10
bet ween pul ses. [.005 The present invention pertains

¢ GORPHSTR FeReaSr 2B Bicly FACiNGT L RFRS o WL ArgenHited by the power
t hansHitiek 92 tdZoMir @loadn 6s m&e%mrp@am B MRS MrishBiS 12 yielding

aretransmtting in_order for the generator to transmt )
t fyaltpgps At dheyreceiver 33 pyhigh ats isheran gentimpuaps-waversygigms having the

1Qamd RGern 88 Bahsififitcd Yo 8§ theafindRtigdiN2. 18. The sensor
46 conprises an analog to digital converter 36 or a

vol tage conpl@Pabbr oFheanresepfuinvsntion perisinswie ansysiqpurd for power

Lpdlagh, 15 MBSRINO QUBILGN BERAREE 00 wansmitspuses of

coaper.sddeasystamshtl comprisded aviéasfver 32nadaptsl pubsalisppied in a patient
which receives the pulses of power transmitted by the power transmitter 12 to power a
load 16. Fig. 21 shows a body 52, here of a patient, and an attenuating medium 54 (the
same thing in this fig) in regard to the system 10. The receiver 32 has an antenna 18
disposed in the patient. ‘

[0057] The present invention pertains to a system 10 for power
transmission. The system 10 comprises a transmitter 12 which transmits pulses of
power having an average transmitted power. The system 10 comprises a receiver 32
which receives the pulses of power transmitted by the power transmitter 12 to power a
load 16. The pulses produced by the transmitter 12 yielding instantaneous open circuit
voltages at the receiver 32 which are higher than continuous-wave systéms having the
same average transmitted power as the transmitter 12 enabling battery recharginé at
greater distance.

[0058] The present invention pertains to a system 10 for power
transmission. The system 10 comprises a transmitter 12 which transmits pulses of
power having an average transmitted power. The system 10 comprises a receiver 32

which receives the pulses of power transmitted by the power transmitter 12 to power a

-10-



power and which senses when other transmtters are

transmtting in order for the generator to transmt
woOher7psiwes at the appropriate tinme, as shown PAT/US2007/000568

figures 2 and 8. The system 10 conprises a receiver 32

whi ch receives the pul ses of power transmtted by the

power transmtter 12 to power a |load 16. Preferably,

the receiver 32 transmits data when the transmtter 12

is not transmtting a pulse. 100521 The present

invention pertains to a nmethod for transmtting power

to a receiver 32 to power a load 16. The net hod

conprises the steps of producing pul ses of power wth

alopdl16e Yenarlsdsqiroddced Thethe tiapsmitter d2eyielding instantaneous open circuit

f/\]rzﬁal{]al%{an% ta{] J[hggwtgglggﬁ g% %vﬁ-ﬁﬂg ?r%tel% gﬁ%ﬁﬁ g\é\ﬁtrirélfozlg-s’“%{veélsgstems having the

t okt B érlag @ Gramdnintete pohver dshibe geaehditer 12 oerfablng nditect powering at
the pul ses at the appropriate tine. [0053] The present
| HFGRISE A5FAN58r tains to an apparatus for transmitting

power to a f {Ver T8E presdd@ViRverRionOgertdifis taSa Shyswem 10 for power
figures :5 and 12. The apparatus conprises a plurality

ofransmipgiant t Bhe sygeme bR opprisen HrisButice I H Y AER tppmsmits pulses of

PO Er. 2fle @36RNP T 0VWInEiH BRI 12B6i?8r 83 SPRILR r8eki PRNER piftées of power
that can sense when the transmtters 12 are producing
t Wengmitts@ dyshe phwentarssniteet? 10 pere 2 tasf 1panddpansmits’data when the

t LANSHE LS ink B§yuf@propriate time which are
rgcelvé%rg€§?ﬁgt§%§g®%g% %% to power the |oad 16. o
| 00541 The [iPeetint Theepresenh ipventigh meramsaoneoiaiiod or transmitting

trapsmttin A r [ : : b
SRR, 305 o B8 el BN sk B oo o
ohn REvgovfer osensorplér alTherg isf ther siers mift trasmitidgepewer wirelessly by a

havi ng i at ed ' :
PEARRRET 123095 B SRR Py P hORhr s AP BRAAS preroy
t heas sMHeaites dfreaising ttb arant@itcpowér wirslestly thetiputraessitter 12 if the
at the ap ich, are rqujved by the

SRIDET AN RENT N

[0061] The present invention pertains to a system 10 for power
transmission. The system 10 comprises a transmitter 12 that produces pulses of power.
The system 10 comprises a receiver 32 that is located inside or behind an attenuating
medium. The receiver 32 receives the pulses of power in order to power a load 16.

[0062] The present invention pertains to a system 10 for power
transmission. The system 10 comprises a transmitter 12 that produces output power
having an average value. The system 10 comprises a receiver 32 that receives the
output power in order to'power a load 16.- The load 16 is 'powered at distances greater
than those obtained by a continuous-wave system at an average power level that is the
same as the average value. The load 16 may be a battery, a circuit, or an LED.

[0063] The present invention pertains to a receiver 32 which
wirelessly receives pulsés of power. The receiver 32 comprises a rectifier 28 which

receives the pulses of power, the pulses yielding voltages at the receiver 32 which are

-11-



[ 0055] The present invention pertains to a system 10
for power transm ssion, as shown in figure 2. The
woeyet7@asi9td conprises a transmtter 12 which tragsmisk®?7/000568

pul ses of power having an average transmtted power.

The system 10 conprises a receiver 32 which receives

the pul ses of power transmtted by the power

transmtter 12 to power a |oad 16. The pul ses produced

by the transmtter 12 yielding voltages at the

recei ver 32 which are higher than continuous-wave

systens havi ng the sane average transmtted power as

the transmtter 12. [0056] The present invention

péigher M@nainsyu—ma Ppower hpaime thet saansaicsageopowdrhs the pulses. The
S YPEED: SACAR SR SRR it B B rctinir 28

adﬂpﬂed; ﬂicnzvé:red (thsth@s@ﬂiﬂeﬂ 28 pat peridesha Iﬁ’edéteﬁmhv@%oﬁlhﬁxous level of
pul ses ower transmtted by t ower transnmtte
D PoRT ot eI 2 GOmpHEES 2 1qAL6hS Slepbiag Somnghation with. the

OfstoRagtaddvidl andr@deitihgdomen Biin fi@ sidxdbsiBevde.(t he sane
thing in thls flﬁ) in regard to the system 10. The

recei ver 32 0984hn giicemicsent BVEpisRePertainsnio phttcegiver 32 which

[ Q\Qﬁeﬂssigh%cmv%§ Pilsek DEPHWRN PR tRENIr BO @nphide ABtifier 28 which
for power transm_ssion. The system 10 conprises a

t F%ﬁ%\fﬁStth% pulses ghpewer the pisess vislding insiantanspas opely cirepit voltages at
A AMRERGF 3’2 W&Mé BEhBONES coﬂmﬁloﬁx & gJLQVG‘E ‘i’lgpﬁfgstﬁé same average

a receiver ch receives the pul ses power _
t iPAWSHias tthel pu&set ﬁeatpimbattwm@qhargleg at reaserpdiskanca  The receiver 32

yi gﬁxg}@es th?atfé %x‘?seléythgzﬁcc%%rgxm%gt?o é’ﬁplz 'i]ﬂ S?e%rtlf %ﬁ 28 and receiving

I'ng |nsta aneous open circul
I eowiey &onB ma/\mcuﬁelaz& Ini sglidéiont teathe datieiyn lﬂtﬁne; cambe a storage device in

KR 300 R85 1 ST B 50 Bovera by e
greaifrer 24i a’[dapsmeldes a predetermined continuous level of power to the battery.

[0065] The present invention pertains to a receiver 32 which
wirelessly receives pulses of power. The receiver 32 comprises a rectifier 28 which
receives the pulses of power, the pulses yielding instantaneous 6pen circuit v.oltages at
the receiver 32 which are higher than continuous-wave power having the same average
power as the pulses enabling direct powering at greater distance. The receiver 32
comprises a storage device in electrical communication with the rectifier 28 which is
powered by the rectifier 28 and provides a predetermined continuous level of power.
The receiver 32 comprises a load 16 in electrical communication with the storage
device and receiving power from the storage device.

[0066] The present invention pertains to a method for using pulses of
power received wirelessly by a receiver 32. The method comprises the steps of
receiving the pulses of power by a rectifier 28 of the receiver 32. There is the step of
providing by the rectifier 28 energy from the pulses of power. There is the step of
powering a load 16 with the energy from the rectifier 28.

-12-



[0058] The present invention pertains to a system 10

for power transm ssion. The system 10 conprises a
wonrermgid7ier 12 which transmts pul ses of powePCHASR2009/000568

an average transmtted power. The system 10 conpri ses

a receiver 32 which receives the pul ses of power

transmtted by the power transmtter 12 to power al oad

16. The pul ses produced by the transmtter 12 yiel ding

i nst ant aneous open circuit voltages at the receiver 32

whi ch are higher than continuous-wave systens havi ng

the sane average transmtted power as the transmtter

12 enabling direct powering at greater distance.

[0059] The pl0@sENt iInvthntdpemtipar(tfaﬂhnsintzmt'mnsyatrenm hethods of Radio

Th t
| Pl ST DN CriBpiih B pLFRatn RIS Ty svsem or fxed
S yatpem pbves 0 "PhisSiasarts ﬂecean/s&mt&Zthhﬁimm@cmﬁpﬁss tahfixed amount of

pul ses of pomer transmtted by_the ransmttier

[ POBGE 0 ROl B 1GR s eGHOTH (oYl HABAVEhdRe rectifier has an
t leBfiE BAdy Bat I piopofttinal &@ﬂ%&%éﬁ&c&v@&'b@&he[&@é@ﬂa Th8 combat this
present invention pertains to a nmethod f

t PEPRIEY £ i08Y B6thed afinosies sengmission W@c@v\?@peg ghatpgolves pulsing the
Waﬂ@tﬁﬁ&‘ﬁ%&v@?%dﬁ@fﬁﬁ@%nﬁf (OGRS 8 BMRE R¥q@Acl¥. Pulsing the

power sensor 46 here is the step of transmtting
pmﬁmwsméll adlogysyhigherpepk pAYAT ietvelrs to 2bf4in mh@verege value equivalent to a

|:>r ef :5:;' %?4" f@ﬁﬁ%ﬁéaﬁ lé'ﬁlﬁsgrtagﬂl lﬁ}ﬁ* %13 = eRNRbEId be notet% that each pulse

ere I'st |t|ngtotr
p &%t hayjer differant wiripjitudes and ahurthe tamplmzlq cﬁf etdwh pudseemay vary over the

S%ﬂ?ﬁ%anYf %\Q %u?s%n SPlis %@ea!n? tﬁ'aQQX% a}ng)%n} ol d. ]se\lereg s:l’x]apes over the

resent i'nventi'on pertains
pdwlolnr(!f nerpeise tm:ludﬂng ey soElimited tcommonstaﬂt line shape, an increasing or
ansn1tter 12.th a roduces gylses .of

syRRaRinG Hphshiete BUPELERG a8 nie TR 4 eng D sine-squared-wave

I BRapke opsinpethenshaps. attenuatlng medi um The receiver

i?’ga(rjeigl_ ves [IOIaSS]puI ses o nOV\JI_%r ﬂlgur%r %,r ﬁm% IC%%{yersystem supplies a
fixed/average power of P;. The rectifying circuit, therefore, converts the received
power at an efficiency of E; as shown in Figure 1c. The pulsed transmission method
(PTM), which is shown in Figure 1b, also has an average power of P;, however it is not
fixed. Instead, the power is pulsed at X times P; to obtain an average of P;. This allows
the system 10 to be equivalent to the CW systems when evaluated by regulatory
agencies. The main benefit of this method is the increase in the efficiency of the
rectifying circuit to E;. This means the device will see an increase in the power and
voltage available even though the average transmitting power remains constant for both
systems. The increase in Direct Current (DC) power can be seen in Figure 1d where E;
and E; correspond to DC, and DC;, respectively. A block diagram representation of
this system 10 can be seen in Figure 2. The receiving circuit can take many different

forms. One example of a functional device is given in Patent #6,615,074 (Apparatus for
Energizing a Remote Station and Related Method).
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[0062] The present invention pertains to a system 10

for power transm ssion. The system 10 conprises a
wonrermgid7ier 12 that produces out put power havpPag/uamo07/000568

aver age val ue. The system 10 conprises a receiver 32

that receives the output power in order to power a

| oad 16. The load 16 is powered at distances greater

than those obtai ned by a continuous-wave system at an

average power level that is the sane as the average

value. The load 16 nmay be a battery, a circuit, or an

LED. [0063] The present invention pertains to a

receiver 32 which wirelessly receives pul ses of power.

The recei ver[08@9]c onfithies palsing é<tdackomplifigdniblyclfirst enabling both the

receives the pul ses o ower...the pulses vielding. . .
SRAMEY aerilr 2BCut gROSBblART A2, TRy Spffifdine, which wil be
C enibledl ot shisayEinOwsl bearspigd t it eithere iRy Bfaagen@owelieratdor 20 or the

the pul ses. The receiver 32 conprises a storage devig
i ﬁ*"éﬁ a2ty di W&&tqnaﬁleﬁnﬁwft‘ﬁ% dewees: fT]é‘g aggon wil produce the

WRLEBA IchtRAVe A8 Ginb¥x dnkSle) BCthe fdn@ble2Bnd B tAE Ptefl@hcd generator 20 is
predet erm ned continuous | evel of power. The receiver
3p0gdeeh O ad OFR Ahis1wonld orsspendety poghsingi RRaengigy followed by no

vipltherldhy S1AHBER HENSEE 1 thd BERINHED SeRAUBE 20TATH Emplifier 22 and

storage device. [ ~The present 1nvention pertains
t theproeessiof enalingndedisaftling reasby rafered (peas thapylss generator 14 or RF

pg@@%rﬁgggﬁﬂgpf'ver 32 conprises a rectifier 28 which
Py .

ceives the pulses of power, the pul ses yielding
i nst ant aneoul®03@ken cTo clistingusht thgeBTM frdma 2 €W spsted? it becomes

WL GILs 1 G0 HLBNE tnd Hﬂﬁmt%ﬁ{‘ h&ﬂﬁ%‘ Bealibeh pRifses Tﬁl VB8 Will%e a function
same average power as e pul'ses enabl'ing battery -
r ef hia¢ glangmiting rfegfuencyqiantiancwld Behéintiedetovene B2l of one cycle of the
conpri ses battery in electrical ¢ nication . wth .
¢ Rt BOR Pher PRy sPasta e TPyl T BBl & actiéale te OFF time
I gedthdribak swiching daditista susithe driieghiid siing Wwhad prédie h@rmonics that
a stor e‘gevice in electrical ¢communication wth the
r gm?ci g%%rd et fhe HaPTEr Pt WG e fegpapies other than the
I @ariek WRSuld 8188t RAMRWIIEES 18adhE HEpEYsTBIE ReteFORhENWIMSother frequency
| evel of power to the battery. ) )
bands. However, practically switching at such high rates will not be advantageous. The
response times for the Frequency generator 20, Amp, and Rectifier 28 will almost
always be longer than the short durations described. This means the system 10 would
not be able to respond to changes that quickly, and benefits of the PTM system 10
would be degraded. _
[0071] Examples of each block are as follows.

Table 1 — Descriptions for Figure 2 Blocks

| Block . Examples
Frequency RF Signal Generator (Agilent 8648), Phase-Locked Loop (PLL),
Generator Oscillator

-14-



[ 0065] The present invention pertains to a receiver 32

which wirelessly receives pul ses of power. The
woeewiogea7132 conprises a rectifier 28 which reeerass007/000568

the pul ses of power, the pulses yielding instantaneous

open circuit voltages at the receiver 32 which are

hi gher than continuous-wave power having the sane

aver age power as the pul ses enabling direct powering

at greater distance. The receiver 32 conprises a

storage device in electrical comunication with the

rectifier 28 which is powered by the rectifier 28 and
provi des a predeterm ned conti nuous | evel of power.

TAenpldRe! ver 32 ¢ouppliSaRaedrcREWHONMITESS3S cal
conmruni cation wi fh the storage device and receiving

DR¥BYfidr OM The ST ehAGRawe HalBwavd) §pediallZ Present
nventi on pertalns to a method for usi ng pul ses of

PWEr Tecerved MA(Ebgéﬁhquy a recerver 32, The nmethod
conpri ses the steps of receiving the pulses of power

Y rectTfrer—2§ ER IhereTs the
~¥3‘é€d of providing Igéyy“%e'hga{rte ti S|ti§etrﬁj§["8E energy fr om t he

||||galuau

pttses—of—power— There—+s—the—step—of—powne
16 with the energy fromthe rectlfler 28 [0067] In the

oper ati on of ntlo current ds of
Frequency ( FLE&J?% g‘é’ls olho |W§§’§m is constructed
Vasifag (thd\caf st fegquency.i megicaaub@ géer) QM@ IpulsEf‘Hlmpl_f,EWIIB thB&luration and

tranfnrtte conti nugusly supplie xed nDunt

s oF o dentai FadiBRtn. AP gl do sBjple equation for

HQ%Mﬁfnm he 4eed efﬂoWer @ thesu1edd\ thAisBSYort. MBke teBulting average of the
proportlonal to t omer recei ved by the antenna. To

c Bylised signakis ﬁﬂB’dlal@ﬁ*f oAthg & st8Mbd of * power

transm ssi on was degye t he
transmtted pﬁM@r—zéﬁ~E§ﬂﬁ£Ly§60 i; Y3 i erl Watt (1)
frequency). Pul sing Yheobransni s&*dn allohé1%|gher

peak power |evels to obtain an average value .
equi val ent t[00Z3]CW st examplhicf welereeis insthiok| eosdld zh’eedsed is in the

| §9(l): '9 u§£01\;IHz| trax%,bec.)u' ‘E‘hg eFend%rzﬁdCIorr]rfar}lur%ga Stibr |Cs<)mm1s51on (FCC) lists

requirements for operation in this band in Section 15.243 of the Code of Federal

Regulations (CFR), Title 47. This specification appears in Appendix A. The

regulations for this band specify that the emission limit is measured with an average

detector, and peak transmissions are limited by Section 15.35, which appears mn

Appendix B. This regulation states that the peak emission is limited to 20dB (100

times) the average power stated for that frequency band. This would correspond to a
limit of X=100 in Figure 1b.

[0074] Another application for the PTM is in the charging or

recharging of a power storage device, which may include, but is not limited to, a

~ battery, a capacitor, or any other power storage device. The PTM is well suited to

charge or recharge power storage devices because any circuits designed for receiving

RF power placed in the PTM power field with a given average output power will
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may have different anplitudes and that the anplitude

of each pul se may vary over the duration of the pulse.
woho@/oseans that the anplitude can take sever abPCThap®3/000568

over the duration of the pulse including, but not

limted to, a constant |ine shape, an increasing or

decreasi ng ranp shape, a square-wave shape, a

si ne-wave shaped, a sine-squared-wave shape, or any

ot her shape. [0068J As shown in Figure la, the CW

system supplies a fixed/ average power of Pi. The

rectifying circuit, therefore, converts the received

power at an efficiency of EE as shown in Figure Ic.

Th@®dpced a&dgherrans;mmi(s:ﬁjuﬁnvo‘rtaghwhhn( Pibsg plagkd ah CW pdwwenfields with the

in Figure Ib has, an gvera ower . of Pi er _—

v, Sisees Phiott DPHST Ay FHEBE TP sihrmen A5 1R open-circuit

t {omesgeRiefdre t® Elie’:wdltage thatds agpel z(lfrod's’,i the Tégebver| 20¢iEculithe output without

system 10 to be UIV | ent t th syst ens .when

T

VA RHRH BEnEcePERGH O i e cknoRPRO Rt ¢ T open-cirouit

t %l%agf@‘-’déﬂ)@ﬂdd én ttﬁhealhB@ﬁtQﬁ%WeB abﬁ%lﬂé td ﬂie&fifc)ht‘liesiéih@d for receiving
recti rcuit to This neans the device w
ékb%

sRE gmveprn PdM popse txigg%ysmgﬁd;y@tgm b%ethﬁ\P&?IF gswgr that is output is

eNRRh eHG alafetnal OF 30eW 'FoRe thddsREsRAVRYstERWitASthe same average
constant for both systens. The increase in Direct

CgutlpshPOWBC) Thisvepercincuieveléags isreriticglife charsiiigesnsd meharging power
%Je@%@gﬁgetlpth eﬁ‘%ﬂc volthGSRAELS! M e Ydltage on the power
b 0 L §

agran1represent Bt on system 10 can
S stenagerdd’?l@u ther@willhenp ebwige KIIagsfcrrpd to theqmiwer glogageadayice.

different f 0@6?5]#6&‘ géiseéﬁ"g%ﬁ]z aa%u['rt%nﬁxte# onal o%evh&ﬁcéssthat have 3-

given in Pat ara or Energ
ath_rtM)&)aBbaés trat aeed Rebatﬁﬂlai@ilmd)l dof61681 bﬁhﬁe but cannot be moved

pul si .S acc l.i.shed by.fitst enabl

PP ey e cRaRal 05 aN MESGRIT AP EIVeat Hiich Uiy 2 CW power

S&@B&rﬁlslsllog%ysﬁéﬂi ‘bE aRTM ﬂwam&ﬁﬁksiﬁn dylstesn POitd supply IRF power to a
e tao ed on either e Frequenc r 20 the .

ARJSEHE |dQF1g22d i® rB?fé}%t]%F PREAT laB %a]éattﬂ”eﬂfgthe Jevices. The

daMVie &S are [k &d 85 lal WHI1 Whdtlis RORBCHVAN Erom where the power transmitter 12

needs to be for either power transmission system 10. The only requirement given is that

of average output power be 5 watts (W). This limit may be specified due to regulatory
agencies or due to health concerns from RF exposure. For the CW system, in which the
power transmitter outputs a constant 5 watts of RF power, a circuit designed to receive
RF power might have an open circuit voltage of 3 volts when it is within 10 feet of the
power transmitter. This means only devices that are within 10 feet of the power
transmitter 12 will be able to charge their batteries, and therefore this system 10 would
not work for this example. The other option given is the PTM system 10, which
correlates to making the power transmitter 12 have a higher peak output power, but only
be on for a fraction of the time the CW power transmitter is on. In this case, it is chosen
to output 10 times the power. The PTM system 10 outputs 50 watts peak power, and

using equation 1, it can be determined that the power transmitter 12 should only be
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pul sed output. As an exanple, if the enable [ine on

t he Frequency generator 20 is toggled ON and OFF, this
woau7dscorr espond to produci ng RF energy fol | ored/usoono00568

RF energy. It should be noted that the frequency

generator 20 and the anplifier 22 and the process of

enabl ing and disabling my be referred to as the pul se

generator 14 or RF power transmitter 12. [0070] To

di stinguish the PTMfroma CWsystem it becones

necessary to define the m nimum duration between

pul ses. This- tine will be a function of the

transm-tting frequency, and would be limted to one

hatputtingdié peyet roheittgh ti pue of tionWheysteneqTberefore, we can set up

ge%@ﬁ?&ﬂ 2 aéluxfmél\@or% %hspe?n Hg‘cﬁﬁ&tb&ﬁ*gltltg é?)e%&é‘ %or { Iggco(r?c:l out of a 10-

nsgahd \pensm ang ieaff cﬂoxpthednner maecmmrls cs&dcb&tmg\muleduﬁﬁm 1, the PTM
delivered to t antenna 1 an

 Payt enwalet e HaRE e A oF KRLpRFSs Gudhe same as the CW
t el Hovkbvel, @REl50GvAtOpISSSkdih@hd PTRI Rt A0 aié hllowing the circuits

ot her frequen(;y bands. However, practically switchin %
afiesignad for gecsigng REPeIeR i PRSluGH 8 RPSh@igUit Veage of 3 volts during

r eIl att'aﬁﬁl%xhﬁﬁtehhﬁo fée@ quanmy DeREakBfagdUeviEt 3V such as, but
and Rectifier 28 wll alnost always be |onger than the

sh@tr limitgd 40, ®Ratterysean roeharge or mshprgethe Iisipseasily seen that the clear
e E e B inifie gﬁﬁng fhif ERALH &m&l}ﬁe&gﬁrg %Jﬂé T Et% 10 due to the

enefits of the PTM system 10 wou egra
[ 00TeEke Bx digtanss osfraegecepmpared tap & Wssystenm. olbis emmrée tan be seen in
- %ﬁgﬁl ptions for Figure 2 Blocks[0072] Figure 3
sﬁ how t he pul sed waveformis constructed using the
carri er frec[OQTﬁ]y Adecaperbeirgegervolibgre qfutheeP¥Midygtem 10 can be

tgl qeglurlgt L0 0errgn 1t ude of the transmtted
frpep(fue cy. Ar'88 effustra‘% SRS a sinple equation for
det er m ni ng [D0E7]av erTageoEavaircudtl vélgepiok e W system, Voc.cw, can be

t cr;aﬁgﬁc'lgie Se!aglrlly b;/r Ig%e rsﬁ'ﬂéldtnll ﬂge aa}¥ g{, ?rgﬁ‘ti&fyintght%e electric field strength, E, of
the incoming wave by the effective height, h., of the antenna 18 as shown in the
following equation.

Voe-cw =E b, (2)
[0078] The electric field strength can be related to the transmitted
power by the following equation. '

G
A7r?

E= (3)

[0079] where Pr is the transmitted power, Gt is the gain of the
transmitter 12, n is the impedance of free space, and r is the distance between the RF

power transmitter 12 and the RF power harvesting antenna 18.
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pul sed signal is equivalent to the CWsignal. PAVC ( )

_ 100 /c) IOOOx | @6 _nVvat t (1) TPEROD mS | x |
wO2807/08078] One exanpl e of where this nmethod cearasbh®7/000568

used is in the 890 - 940MHz range. The Federa

Communi cations Comm ssion (FCC) lists requirenents for

operation in this band in Section 15.243 of the Code

of Federal Regulations (CFR) Title 47. This

speci fication appears in Appendi x A The regul ations

for this band specify that the emssion limt is

nmeasured with an average detector, and peak _

transm ssions are limted by Section 15.35, which

appears in A98AHI x Bomihiing thegerewious hweteauesonshsttowshihat the open-

D St _ i mes o
ST ETRTALR L B 3 R TR LA Rl D s oot o e
waalnsméoadr esparad showa ih it folloWipldifation.Fi gure | b.
[0074] Another application for th is in the
charging or recharging of g power Ei@ﬁ?agle devi g@

ery, a

whi ch may include, but is ndttinyted?to a ba
capacitor, or any other power storage device. The PTM

is well suitpdsip Chengefopd, theEPeH-BRcROWSIEagdt SHAFEM system 10, V.
devi ces because any circuits designed for receiving RF

paercag bcielptedita this apeRICHEWE VoKags of At systegny by the square-root of X,
AHAIK BUhB%h iR PEre W dsltRE AUERIdR iRrEde o rAREPaISs bGLH

vol t age lt han t_ﬁose pleaced in 5Npovlverr %i%e?lfgg akltﬁgtﬁ'ethe CW power
s dgtel-atbispguation pushopmblowit any di stance fromthe

transmtter 12. The open-circuit voltage refers to the

voltage that is read across the receiver 32 circuit's

out put w thout said ou i ng connected to any | oad
16, hence open-eircuit 70pen-circuit
' oc—PTM 47Z'r e

2 V
—y 0¢=PTM _ '\/jY— . (5)
V . = \/ PLc;_ﬁ . h V;C—CW .
oc-CH Ax rz e
Voo = ‘/} Voe-cw (6)
[0082] This analysis was tested using a circuit designed for receiving

RF power and converting the RF power to DC power. The circuit was matched to a 50-
ohm inpuf and the circuit was designed to not have a load 16. The voltage being
measured was the DC open-circuit voltage. For a CW power transmission system with
a given input power level being applied to the circuit, the open-circuit voltage was read
to be 2.275 volts. This is not enough voltage to charge the 3-volt batteries from the
previous example. Switching to the PTM power transmission system 10 with a peak
pulse power double that of the CW system, but on for half the time, therefore averaging
the power to that of the CW system, the open-circuit voltage during the pulse was 3.3
volts. The circuit was easily getting enough power to charge the batteries from the
previous example. From the analysis above, the open-circuit voltage of the PTM
system 10 during the pulse divided by the open-circuit voltage of the CW system should
-18-



vol t age depends on the anount of power available to

the circuit designed for receiving RF power. In a PTM
woawerosig7ansm ssi on system 10, the peak power PORUSR®7/000568

out put is nmuch higher than that of a CW power

transm ssion systemw th the sane average out put

power. This open-circuit voltage is critical to

chargi ng and rechargi ng power storage devices because

if the open-circuit voltage is |less than the voltage

on the power storage device, there wll be no charge

transferred to the power storage device. [0075] As an

exanpl e, assume there are sonme devices that have 3-

vbeé eqal) toltht tsquare sodhafl the @atket auhiplies ohitick 66l thi8 case is 2. Therefore,

const gnt ..basi.s, cannot. be ed. and the hatterie
c g?f nmng%}@%hi\yegg ‘55|- hgeeqb‘ﬁﬁ fooh43 sv\é]@’f’t} &hesenial W]%}“aL IEH square-root

aofW pOVIRF14L I B SiFinSisr P ushiyes b TMOpower M spaYE6n system 10 allows for
transnLSS|on(§%sten110 o.supply RF power to a circuit
dESPBIFARE 10 PR erage JryiRes dnd [OWAF g¥oiaRe nAYYYetheesa CW power
OfrahdifisSiBM isgftem. The devices are fixed on a wall that

is 20 feet amag from where the power transmtter 12 )
needs to be 0883k t e faghien sipdastei winoRTY & Mereage the distance at

T%i&plaYgfv%Huft)(S\@&Emveﬂi $EBpécirb@l Wit CEAIBONEBYEd by a circuit
power be 5 watts (W. 'This'limt may be ‘specified due
t desigepd forgegeibpenBE aower, alBdM systeml 1 cew bearsad 16 iponetrate an area

r yst.e i ' - .

. t . ~hy-

SO OB AL D BUES i b

chepawated besi Ynedd wall. r&CEWveoWRE tpaserissiorg bistémset g in room 1 cannot

R NN s A p—

t batpuapewer titnthd Qyitemt 1Mis ddrégredvior biecarssthé waall B&ween the rooms
le to char t heir a d therefore

wi |l be gb e, batteries,
¢ gl fantoten SR TRIRE GEITRE] I pioasng foe average output
Obbﬁérl spmecqmgsyseék i its géhtl"tﬁbv%% S $6@M21Q, PIMIi Iﬁﬁvher transmission system
correl ates.to, maki ng. t he wer transmtter 12 e.a
hFBWQPIde%RmBWC‘gB\A’é’PPP BurThinE l\ﬁéyatﬁmf b “g?u%' allow for the same
f bsthE®PoRbr tdBe bhfpat fbM GEXRWeM 16,348 Bdch@de dfSthehigHeR peak output
this case, it is chosen . . ..
power of the pulses, the circuits designed for receiving RF power in room 2 are now
able to receive power at useable voltage levels from the PTM system 10. It should be
noted that the useable voltage level may be defined as, but not limited to, the minimum
voltage required to operate a circuit in direct powering applications and/or as the battery
or storage element voltage for power storage device recharging. It should also be noted -
that devices that do not contain a power storage device, such as but not limited to a
battery or super-capacitdr, are considered to be directly powered.
[0084] A similar example is that of powering devices that are
contained, implanted, or immersed ‘within a human, an animal, other living things, or
other attenuating mediums. Many medical devices are becoming smaller and can be

safely implanted into the bodies of humans or animals. However, these medical devices

still need power, whether it is battery or some form of wireless power transmission.
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to output 10 tines the power. The PTM system 10

outputs 50 watts peak power, and using equation 1, it
woam7msidet er mi ned that the power transmtter PRETAISE07M00568

only beoutputting RF power for one-tenth the tinme of

the CWsystem Therefore, we can set up a PTM power

transm ssion system 10 that outputs 50 watts for

1-second out of a 10- second period and is off for the

ot her 9 seconds. According to equation 1, the PTM

power transmtter 12 is averaging 5 watts of RF power

output, the sane as the CWsystem However, the

50-watt pul ses fromthe PTM system 10 are all owi ng the

CWigdledsSpalesd Gashitaon e ariidéal GoRffiopobetause devieds edtiabatteries will

open-circuit voltage of 3 volts during the pu] ses at .
BB ety S6v¢ e oATEAR 19 Aot S vEr S LS Bt above with 2
afoonts S4sads. byte B@énvating el tBe Bodyahisehy @AudRg effect on the
charged or recharged. It is easily seen that the clear .
cHanaitied pomepFigRahtlst g Usiiest €M POVAG TERIUEToR SYRbem gvould require a
bRich KM sipm dOwak EohP tHehBahdMFHEASS rdddivll 8188HHE Qbltage level to
range conpared to a CWsystem_ This exanple can_be
sdisecthnp@Everuthe RE powa7syveshing dseise OF t¢ ohares or regharggfa power storage
D RS L STAP o AL A o o nat v
f becansCW gy starage powerciwyels sl RJe enerigy itk gamerase hieat ihythe body of the
ope skilled i rt hphyi h eCiri C o .

f fYgn or thrré%lhrﬁ’sttﬁng’ prfv\Ee\é eﬂ%&% {rrﬁ%r?\gédga%\r}é 1%&)1/&%%?@ ot dissipated, which
efffidadabve chitd ghd tishes tobe tHeetedntltened, @8mageds ovidlledy Using a PTM

cPOYEF I ana o Segt e intsd PPk g Much lower average
t pawsidvetdoPRIFeEnchyy tdentboieobodyg velsjileatt the. saf@Ofi®k, penetrating the

where PT is the tr ] LS. [
t gHenuating body to d%fl%‘rﬁ} %xt.w%gr t%ot\ﬁg rcirm%l—s (IieSSI gtnlgs?i fgra {’erg;egffmg RF power at

useable voltage levels.

[0085] Another benefit of the PTM is the increase in the received
voltage for a given transmitter 12 power level. As an example, a security sensor 46 may
require 20 micro-Watts (uW) of power to operate with a minimum useable voltage of
1.8 volts. Thq sensor 46 may be required to work at a distance of 30 feet. The limiting
factor in this example will most likely be the voltage reqﬁired by the sensor 46 rather
than the amount of power needed. More specifically, the sensor 46 may receive 20uW
of power at distance of 30 feet, however, the voltage may be significantly lower than
1.8 volts. To compensate for the low voltage level at the receiver 32, a continuous-
wave transmitter must transmit more power resulting in more than 20uW at 30 feet in
order for the receiver 32 to supply 1.8 volts to the sensor 46. However, in a PTM
system 10, the amplitude of the pulse or peak output power can be set by examining the
minimum voltage needed by the sensor 46 and the duty cycle of the pulsing waveform
can be set by the amount of power required by the sensor 46. So, for the example

given, a CW system may give 500uW at a distance of 30 feet in order to get 1.8 volts.
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transmtter 12, h is the inpedance of free space, and

r is the distance between the RF power transmtter 12
wanw7ise7RF power harvesting antenna 18.[ 0080] PCT/US2007/000568

Conbi ni ng the previous two equati ons shows that the

opencircuit voltage at a given point in space is

directly proportional to the square-root of the

transmtted power as shown in the follow ng equation.

y oc-cCW~\ \ . 2 neV Ap r [0081] Therefore, the

open-circuit voltage of a PTM system 10, Voc. PTM can

b erelated to the open-circuit voltage of a CWsystem

by the square-root of X, where X is shown in Figure 1

asT hBI”R:SFMmYSienu die wavdd esse peﬁk phwepldvsbfow\zhas ptlses BAf was the same as

SOFCW it e Rl Bt Brcl T sdRR GG e P sytem 10

r eceild use aRfatp oyele érfdmcpemzerttt COgW/BBOW) o wbie the sBhsor 46 only the

PRUSRY (Bl 154, 56E 5 Ret) o it “RufioBar TEE g Hgmond meet the

veéqta@mdm; ag tﬁmmmeds WaSusiie 9% RRERAvEiaks Wahsmitted power than the
vol t age. power transni ssion systemvvlth a

gPQ%’ﬁrFrﬁﬁH““ﬁé\}%th eVetysEd-ng applied to the circuit,

the open-ci rgaé) volrt sgsndas ﬂo@éﬁtﬂa@tﬂ%emgex?go% %Qh&sat any frequency
This is not enough voltage to charge the 3-volt

bang aYitheany agemnat® b sustoes buk applimitediy, t@mlﬁgdlpgletmay, monopole,

P 0 I S t
PR SR HEAGRINSS, Uil ARtk . BRaly Bl e 15, s

t Batennael 8 caebe feyignedviehaye agy phleripetivar, such ad but ndt lithiged to, linear,
C\%ﬁ%&gﬁmvehﬂﬁl _I_(ﬁﬁ{ﬁla&' Eﬁlﬂlisal\/ 8L£1398?1déﬂf&u§% hgﬁ ﬁﬂét?tﬁal or any other

citcu
ppvx@mzat)omhélﬂge méthod atsbewoxks Wrtbnnulhplqoammmssls of any type listed

t he .apal.ysi,s.a ncr it .
VAP e e R SRR P B e o PR €l e 12
by t he open-{©0BTI t 'Kﬂststlagze bmfentpleﬁfoﬁd‘écsyxstmmhmdicﬂbald at 98MHz.
ar e- r oot t.he

mgﬁe?tﬁ erE? gggfggrgeq wa sh cbeide@(gﬁ'é o) avonH 1nteptlerence with radio serv1ce

The duty cycle of the pulse was varied from 100 percent (CW) to 1 percent with a
constant period of 100 milliseconds (ms) and 1 second, which are shown in Table 2 and
Table 3, respectively. The amplitude of the pulse was adjusted to obtain an .average
power of 1 milliwatt (mW). The tables show the various duty cycles tested, and the DC
voltage and power converted by the receiver 32. The receiving circuit is illustrated in
Figure 2. As can be seen from Table 3, the received DC voltage increases by a factor of
approximately 10, and the power increases by a factor of approximately 100 by

changing the duty cycle from 100% to 1%.
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3.3 volts divided by 2.275 is equal
essentially equal
WOROEISTEL Y,

or 1.414.

allows for recharging of power storage devices at a
| ower average power than a CW power transm ssion

system

[0

083]

In a fashion simlar to using PTMto

i ncrease the distance at which a given power |evel,

open-circuit voltage,
designed for receiving RF power,

can be received by a circuit
a PTM system 10 can

to 1.45, which is
to the square-root of 2,
using a PTM power transm ssion SySCemSid7/000568

or

be used to penetrate an area that a CWsystem cannot.

As one exanpl e,
separated by a thick wal

system set up i nrheR™» 1

deS|gned for

'OU)U)Q_QUO_C_":JO""'OA""UJOQJQ_O

recel V

£

g

r\\lr\

there are 2 roons side-by-side and
A CW power transm ssi-on

B el ed sl

pover

r oom%ﬁggw tlserlod of 100m

?%I.Ilté r?gal% glrjls g\(l:lgflﬁl fée%‘khﬁansr?lf /-*B/efiwéa e‘l*n'rartl "l%eéz d‘bC Received DC
tenuate thqmgﬁvve ghwel NPolwerinih t t °%lt%§ﬁ(tv‘?e Power (uW)
[ increasging t verage output power of f[he
vsnﬂnw%O_gehoaovemfge1um room Z, 4.oglM poper paq 0.291
Fansm ssifon system 10 coul d pe inplenmented in roomil.
Ni $SOPTM $yst&0 10 [woul2doal | ow f or 110he sane avezéage 0.238
bwer to ke out put fromthe system 10, but| because |of
ne 4A0%%herl p ouf put 2 r bf thd-08ul ses| tH&A4E 0.641
r qUi gesi d fo eiving RF ih room?2 are
amﬁgﬁﬁi to r'ecei ve poﬁ§® at useabﬂ@ﬁvoltage 1%l s 1.659
onplohe PTM gystem 10545t shoul d hegnot ed| t hgj g4 he 2088
seabl e vol tage | eyel may be defined as, bpt not 4
m1b@es t ¢, . t4oe0 M i murmowol t age requored tp opesate |a 3.600
rcuit in direct Eomering appl i cations ang/or as the
at 81056 o stBPAge el erf@dt vol tage'08r power stragg 4735
evice re¢harging. |It shoul d jal so be noted|that
Lyt t hat P notl codPRin a| power %8t orage delfe, 7.280
chdga)bEt NPho | 1 M tedst;o a patteryyor 172 8.965
iper - capacitor, arne considered to be diregtly” '
PVSI R, 2.00 50.0 1.00 2.4 17.455
1.60% 1.60 62.5 1.00 26 20.485
1.25% 1.25 80.0 1.00 2.71 22.255
1.00% 1.00 100.0 1.00 2.54 19.550
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[0084] A simlar exanple is that of powering devices

that are contained, inplanted, or inmmersed within a
woaomngiEn ani mal, other |iving things, or otheCT/US2007/000568

attenuating nedi unms. Many nedi cal devices are becom ng

smal l er and can be safely inplanted into the bodi es of

humans or ani mals. However, these nedi cal devices

still need power, whether it is battery or sone form

of wireless power transm ssion. Wrel ess power

transm ssion is an ideal solution, because devices

wWth batteries will eventually have to have the
batteries replaced. However, |ike the exanpl e above
with 2 roons separated by the attenuating wall, the

body has an attenuating effect on the transmtted

power signal al Tablels+ EgperiGithpahResullts a8 98VEEEZ,Period of 1000ms
system woul d require a high average out put power from
iPalseWidth | Reak Jrarsndt |Wseedge T rardnitjie ctio¥@ DClReceived DC
power the|l RF power-harvesting devjce or to
edms) ge é’%’&ﬁ\ﬂ?wétor Bowertn\WVie [aVeltaget(Me | Power (uW)

dangerous ta the hunmaf
i nP8PPed| beclle hilgh avePlge powver |evx29 0255

E5ognel aysyu b geneEEﬁe hgat in é?e body of tgqiﬁ . < 0500

human or pani nmal™ as| t he™RF pover entefs thel body

t amoat ef onoglh ss| pat edg Whijch wi | hgcausg cel |l s #
i ssue to| be heatef, altered,| damaged, or kill ed.
Usi ag0% PJTM p@ﬁ/@r [ ransa0ssi gn syst.em 10 gl i m nates 1.659
his prob ow ng nmuch | ower average power -
| lev&§- E/"of RF‘@?\;% gy tobeénter {the bbBY, whifl e at tdRS| 2.189
da penetraling the atitenuafing body to deliyer

F mF%Qé’r o t;? é6CI F Ui fi desilgned f8Y recdi ving HF2 3801
powgpoat Use vpltageslevels. [ 5] Anot her
be\r/:gfb(i)? of tﬁgb%ﬂv ist e |ncrease10'|8(§1; the |recei véef?| 8"
Vol s.age fpr so.govep tramem ttier 121 power llevel . Agghn 7758
gxanpl e, @ securitly sensor 4 may require |20
m c#-80%atts 4U9) of poXw® to|operateowith|a minimms 9.280
Useabl e vpltage of| 1.8 volts.f The sensor 46 nmay be
rleqtiP?®d fo 90P% af a ¥etande of BBOfeet.| The 231 16.170

t —=

0.819

~—+

—+

i M EhR9 16.00 62.5 1.00 261 20643
1.26% 12.50 80.0 1.00 . 283 24.269
1.00% 10.00 100.0 1.00 3.03] 27.821

[0088] Another example of freciuency bands that many be useful
when implementing this method includes the Industrial, Scientific, and Medical Band
(ISM). This band was established to regulate industrial, scientific, and medical
equipment that emits electromagnetic energy on frequencies within the radio frequency
spectrum in order to prevent harmful interference to authorized radio communication
services. These bands include the following: 6.78MHz +15KHz, 13.56MHz +7KHz,

27.12MHz *163KHz, 40.68MHz +20KHz, 915MHz +13MHz, 2450MHz +50MHz,
23



factor in this exanple will nost likely be the voltage

requi red by the sensor 46 rather than the anount of
woawevosnmgeded. More specifically, the sensor 48Cmag2007/000568

recei ve 2QuW of power at distance of 30 feet, however,

the voltage may be significantly lower than 1.8 volts.

To conpensate for the | ow voltage | evel at the

recei ver 32, a continuouswave transmtter nust

transmt nore power resulting in nore than 2QuWat 30

feet in order for the receiver 32 to supply 1.8 volts

to the sensor 46. However, in a PTM system 10, the

anpl i tude of the pulse or peak output power can be set

by 8eitImi HgSvite, mi2Ail 2| t-228Mibeded. 25GH e 1360801z, 122.5GHz

4 the dut c| f the pul sing waveform can be
s%%&h%@ng#ﬁéﬁmo#]%r required by the sensor 46. .
So, for the @EBIP| € WievePulséd O SYFhiSTOARS el e 580%(

at .a di stance o?pBO feet in order to1 get 1.ygtlevolts.T g PHmErons

Py ayages mSemagfihem gseliged baloWpower * | evel for the
pul ses 1t hat | Q o

gi ve thle sen??)ers_mzégﬁll?%ms% sﬁﬁ%\%‘%‘?{?bﬁ E}edcgela%(gégta}elrhmrease in the
10 woul d useregtien3s efficiencyf Thdwip Plistanithis 2C0aM&AOME)data in Table

to give the seh y t ensor .46
needs. The resufl?llgengQ e'sytle%:lgmé O%%?o(lrbrgg‘i a?ﬂ'ecycle was able to
r equi r ement sreofive kad sement 02550 uf poyed6iileaks 1.00% PTM captured

' than th t '
ot e’ i ey el BRI ah iitedsdn BN e PSRy b0

i nvent i2on V\dndfgemurﬁplﬂwduggep.lﬁmcb’ei @lf’tdin‘ﬁgt“hlearbgmparing the average to a
ant enna(s) ]éw su as, .but not lipited to,. dipole, .

di pol e-array; n‘f’?ﬁgeﬁ%l , Sp‘ét"@ﬁ?ed@@me IRECAYeAN TeRbiier 28 efficiency. It
di sh, cor neris fasol £LicRiT of P Blrge PoWBNYUISE, RBHiCRPEERARSs a large voltage
18. These antennas, 18 can be desi gned tg have any

pol ari zati orb® %euitﬁh%g? Bt thhe st Higurei3-ndhe large voltage pulse
hori zontal , war bé fatered bh@ Provide  ldrPér GéttageWRBhming the load 16 is
dual -circul ar, dual elliptical, or any other

pol ari zat i orf®8fhi s. met hod al so works with nulti pl e

ant ennas 18, TiRf ibdhst NRCsystctl A SR CINAIH ﬂﬁa 88 of less average
pol ari zation |isted above, connected td a single

transnitter tnamsmitted power to obtain the same received DC power. This leads to

the following advantages.

a. The human safety distance from the transmitter 12 is reduced due
to the reduction in’ the average transmitted power. (Human
Safety Distance is a term used to describe how far a person must
be from a transmitting source to ensure théy are not exposed to
RF field strengths higher than that allowed by the FCC’s human
safety regulations. As an example, the permitted field strength
for general population exposure at 915MHz is 0.61mW/cm?. )

b. Less average transmitter 12 power allows operation in an

increasing number of bands including those that do not require a
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[0087] Tests have been perforned in the FM radi o band

at 98MHz. The tests were perforned in a shielded room
woaoesidili nterference with radi o service. Theprdwtug2007/000568

cycle of the pulse was varied from 100 percent (CW to

1 percent with a constant period of 100 m I |iseconds

(ms) and 1 second, which are shown in Table 2 and

Tabl e 3, respectively. The anplitude of the pul se was

adjusted to obtain an average power of 1 milliwatt

(M. The tables show the various duty cycles tested,

and the DC vol tage and power converted by the receiver

" 32. The receivi ngl circuit_ is illustrated in Figure 2.

As can be seen fri¥fitNsaskeh 2s theeIndaseiakelciegifial aadjéMedical (ISM)

increases by a faggs. of approximately 10, and the

power increases by a factor of approximately 100 by

changi ng t hé- dut Q,fyléqeésﬂ bandsQabs tdecredseT ablie average transmitter 12

Experi mental Res riod of 100mT
Experi ment al Resu ts fat g%%b al-f’i%ﬁeg%e (5'fthi5’6’6’ﬁ§ %lﬂ%‘gfed power.
Anot hef exaﬂcﬂﬂlw @fP"fMegwm:yrabﬁnﬂsohf@tateﬁﬁmy DRwis ffrWecharging of
when i npl eng p%gygc d teho ncI udes the Industrial,
Sci entifi c 5 Eat ﬁ& %r AVEEAEE OBHHG PRRYEr than'a CW power
est abl i shedtltaosmsgmha;tyatenndust r| al, scientific, and

tronagnetlc energy on

medi cal5 eqwlﬁfrenst t hat1 ‘{E ts el

frequeRci es ‘wi T hi ROt R&Yr El%e?tf"re BEaness e digher Rqwer levels and DC
order to pr epe:mimrbnat %u&gdsﬁblﬁrcfaﬁrp%ﬁsﬁatﬁe %b?éé&é"@x%{ & &wate RF energy
radi o connunlc .ion servig These bands™ i ncl ude

fol | owi ng: PAWRGpV fS‘f SRAVRASING, K9, average NtuL power of the

163KHz, 40. &&Mﬂmtrez@.’a.(hizme%%mldlsw 2450VHz
SONFE,SSOONM?M—E 24125WHz 125MHz, 61. 25GHz 250MHz,
122.5GHz 50 angh ?&sﬁ%cuﬂmatemdﬁgq b¥ae aPrdsemblance to the

Tinamsmdegdrmcisu@w@mrlaﬂ P andiiER Y
of themare |]sted bel ow 1. The 0\1?/’ F? ?% Cl eﬁg{;ﬁg?radlffemm

tHEPLFs WPy f@tep&#ﬁ Re#44Q dasdsipena Sb'ﬁemefhg@usea atpudse modulated carrier
riegulchéeto g8wesf Elr&hgﬁCdIBVlc;EothQFL&ltélhg USHEADHE ttb%-DC) converter. A

statenment, the data in
DC-DC converter is used to transform the-level of the input DC voltage up or down

depending on the topology chosen. In this case, a boost converter is used to increase the
mput voltage. The device derives its power from the incoming field énd also uses the
modulation contained within the signal to switch a transistor (fundamental component
in a DC-DC converter) for the purpose of increasing the received voltage. The
waveform described within this document will have similar characteristics to the one
" described in the referenced patent. The system 10 described here has numerous
differences. The proposed receiver 32 does not contain a DC-DC converter. In fact,
this method was developed for the purpose of increasing the received DC voltage.
without the need for a- DC-DC converter. Also, the moduiation contain within the
proposed signal is not intended for use as a clock to drive a switching transistor. Its

purpose is to allow the use of a large peak power to increase the efficiency of the
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wi Il be exam ne. The CWsystem (100% duty cycle) was

gble to receive and convert 0.255uWof power while the
W . 200%8BTM capt ured 27.82IuW This is an i ncr eREE/USB07/000568

efficiency by over 10,000% 2. Larger output voltages
can be obtained when conparing the average to a CW
system This is caused by the increase in rectifier 28
efficiency. It is also a factor of the large power
pul se, which produces a large voltage pulse at the in
input to the filter 30 in Figure 2. The large vol tage
pulse will be filtered and provide a larger voltage

" . 3. The increase in
S0 O kb B e witon
RrIMCDE dopwerar Oﬁ‘deﬁbdtﬁirfbﬂahﬁoél@ﬂ%nf e %éé)%’ingguls?% si gnal
advant ages

the follow
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nedused doek signhhe If QdBetbeN b i tRe 43VE" #%8ed in tg? rﬁecelvmg circuit

Human Safety D stance IS a
ngg‘%{rg t‘i]t & b‘@WFééF‘F &ps aobmlg%mrndmedbaela%gmam@gh voltage increase
t(b nsamﬁdé f QAfi&end ase
F\(’Fgfl el d rs?rgéng?ﬁs b ﬁ‘her ﬁg%&t %%Vg[é I ovveélﬁg’g gemented using an

oard Fnrkssmer afeq @Q‘Gg &he purs, D@sm;uuteofah@ kextifit@8. The generation
Tt tIRR ih ingd f&céitv%? @ﬂgﬁ)\ff mrw gﬁ&forr? legp ng ggrggrgzll%%g extra circuitry

exposure at 915MHz
t?é}%‘r‘ﬁet thgrclagk ﬁf@merthqaincgmng) peatsiig mVefd)rﬁm heR€d BANVIdiHg a greater

gtlbk:fggg] S?g sﬁ%hqg% %111 H% 1% rt Qc()e lepatth i g?*g?qg?{:sr%hcr)\s this system 10
el be n(apsmermm(js : '

[0092] There have recently been successful tests performed by
Lucent Digital Radio, Inc., a venture of Lucent Technologies and Pequot Capital
Management, Inc., to integrate digital radio service into the existing analog radio
signals without interactions with the current service. With this being said, it is possible
to integrate a power transmission signal, such as the one described in this document,
into.existing RF facilities (Radio, TV, Cellular, etc.) if it is found to be advantageous.
This would allow the stations to provide content along with power to devices within a
specified area. '

[0093] - It should be noted that pulsing the output power from the
transmitter (OOK) also produces a pulsed output from the rectifier in the receiver
circuit. As an example, if the transmitted power is pulsed at 60Hz with a fifty percent
duty cycle, the ON time will be approximately 8.3ms and the OFF time will also be
approximately 8.3ms. This means that the rectifier will supply no current to the load -
during the OFF period. It may, therefore, be necessary to add a storage element to the
output of the rectifier to ensure that the output voltage or current does not drop by more

than a predetermined value during the OFF period of the pulse. As an example, a

storage capacitor could be included at the output of the rectifier. The storage capacitor
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' 0090] . There are current paten(s .
| 3—%1;%/ Q}Jsggbr% \ZX\%@ gl n% %e\'i‘?[': gse[dot]otﬁ,]['@r REt Wedrenmeney diidie pulsing power. This
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R i L R A——
faaggerency t o poviiquendyenot e deV|g%chattc?n}2%g:eg x areaily
LG { DS converter. A DC-DC converte
t‘ﬁgﬁrseflé M %?%erl@o &PawFing iffereputfil®Eng ot dnagisnetiy. s @RV¥kample, the
chaypyaun O i 5980 C l. IS case,,
d?ﬂﬁ?&??EFSES usg%g¥§ ?ﬁ??ggggg?ﬁgCWWEHPrVEEFé@%KDrmﬂovea
%ﬂgﬁ@% CEBigfreapnsaey tvsit}pmiaimaﬂrlom.tmdpm?lrﬁj ﬁe?fhégsi' %nay be 60Hz,
[ i ' ontained wthin .
Sk ik S5 Y LBLLAD, CORRLDed M UND TE e curig o
|%n3g“és BEF meried than thet ysedovithinehorcagse of _increasing
the recei veg, MO 8885 misdle ef orm described within
this docunEﬂTLmééﬁ;iggﬁggﬁﬁﬁaaﬂﬂiéaaracterkst|cstto age
[ ' ferenced patent. The system
gggcsszgglﬁ§§94p : %§r8ﬂgnﬂkff%@ﬁﬁé%@$ TRe greopoedd the pulse

trapehiveion 3 afbes potide NhaisBluBoRPCtPC.GRHYE rc%ﬁ{sriéorlb fn problem, phase
Eﬁﬁtellat“}l.s'[ﬁm gocgg\é\%acﬁ\é/gg%%lwg ggg gg)gé) ivgsespiﬂ:ee:ct with one another. If
I NCr easli ng er

one wave becomes 180 degrees out of phase with respect to the other, the opposite
phases will cancel and little or no power will be available and that area will be a null.
The pulse transmission method alleviates this problem due to its non-CW
characteristics. This allows multiple transmitters 12 to be used at the same time without
cancellation by assigning each transmitter 12 a timeslot‘so that only one pulse is active
at a given timé. For a low number of transmitters 12, timeslots may not be needed due
to the low probability of pulse collisions. The system 10 hardware is shown in Figure
6a while the signals are shown in Figure 6b. The contro] signal is used to activate each
transmitter 12 for its assigned timeslot. The timeslot selector 38 either enables or
disablés the transmitting block by providing a signal to the frequency generator 20
and/or the amplifier 22 and can be implemented in numerous ways including, but not
limited to, a microcontroller 48. .

[0095] The timeslot selector 38 could also be wireless in design,
allowing each transmitter 12 to operate independently. The timeslot selector 38 may be
implemented in numerous ways including, but not limited to, adding an RF power-
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i e
wach ds bevdliﬁgg ?E%Eﬁ(g?%’ c‘):{rl%ﬁ]z%?/‘l%ﬁ %ﬁ%\é‘g@{lf gi’ai@aé'r @, designated time

| .
?’ﬁgggiiw éh byt éobgnﬂt@ddnton'ée;ﬂhﬁmﬂﬁﬁt@ﬁ, anded EQL% Jower again, and

' mYRRE . o Lntegrate digital T: )
b b %éﬁhlseni(:“r?é"t%lﬁraif‘gg;m%&ail%bslpgﬁeansmagwpm, the output
| Peissempartis betove arthueBkoldR! Yhe Gontit d hRiRe DL, .
e g : Sh

: ; ; i t ower transm g

iiﬁll rﬁ?ll 'bksﬂﬁfﬁyprglgé't blé%be gola gtgg r %@3 a?m?q*mogm@deu#ﬁrih, communication

Wifho thex iRét ipnyeRFchani h6td€e§h§jﬁgﬁ%g€i§g¥3 80%%1:%3' %émodltput from the

S 8 o St ek s e
the statfons ot . s .

eablieor gein auintbl 06 difePRBichi £ Sﬁ(%\glg 6{}&9%{%% {iﬁlges presented herein.

| sing the out )
"Pl?e qgltc?odcoglprghelp 58 magr contain an analog to digital converter 36, a voltage

comparator, or a standard input pin for sensing the presence of an RF power pulse from
another RF power transmitter 12. The microprocessor may determine by the status of
the analog to digital converter 36, voltage comparator, or a standard input pin whether
to transmit an RF power pulse or whether to wait a predetermined time period before
transmitting the RF power pulse. Figure 9 shows an algorithm that may be used by the
microcontroller 48 to determine the timing of the transmitted RF power pulse.

' [0096] In certain applications the timeslot selector 38 may be an RF
power sensor 46, such'as but not limited to the one shown in Figure 7, with the purpose
of sensing the RF power available from the other RF power transmitters 12 and used to
adjust the output of the'corresponding RF power transmitter 12 in order to insure that
the equivalent field strength caused by any pulsing overlap, if any, does not exceed

regulatory limits. The equivalent field strength of other RF power transmitters 12 may
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approximately 8.3ns. This neans that the rectifier
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cc%rrlli U??g Wi t hlgit@hé filt er c%%ggé?fdgrﬁ{fg g ‘W’{l‘?ﬁtﬁc{ {hEhe enable or gain
r eGPt PRIV Righgteshoen iramumnenous fignresipeeddfiaauiepbih: AR example of
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requiring dl999&} entltfinayebe NglvanrRenaNts - ceif hpplications to “ha

xa & tHd®m u h ectifier may includée a ve

| ﬂ@ hi gh- Q ggggc%vthg{h é.°_r‘%?dp§’8 sl timesigiadector 38 with the
fhede andmenloy contrdiledi withah RDpswed BénsBHUS] Ae RE power sensor

B RAERC Y he. 6QHz. ich requires a vastly lTarge
capac! TormPOnsGr e e e ilrrlns wralizus o bmanigited o e
PRE sBowmin Bighrp @y whiththaycédiain 41388t Wid iy eg i
D@tcbﬁ*'ré?{er ful S%(Trﬁgsn'é&si on Method - 2 F%rﬁ) gﬁ, rﬁ{iﬁtlef}]ef 28 or RF to
mul r T ey 203 And/qr Gilter; ar@’%gé@yt viidhe RE @ower sensor 46 may be
epnurestrdstoiandevit o 2B) Birde BindicaQb U | 2 ! igi
g -REObl e gha e cancel | ati on. #ﬁ%g‘ix?%tr@%lﬁggdmalog to digital
Bﬁﬁenngptgt Lo a,g LV EF][%F 7ve£i él;l@gtlpg]p@quat;fo(;;\fh@ purpose @ﬁﬁﬁt&@xﬁinidgf whether an
epoweer eran@aiiing isléRr R tEESmAKL Iﬁh ) ' CLENE
58 e others e OPPOS 1o phases W BEgRCen s e he ampitude of
& Goprgsponding B rONRRY bpalicgotdy calmeetaang thbahable Q7 gain control 26
I\iﬁd | - . - 0 ’
S oTbﬂleéRFl Hle.lﬁer 22 in the RF power pulsing transmitter 12 or pulse generator
14, which are shown in numerous figures presented herein..

[0098] It should be noted that the RF power sensor 46 may use its
own antenna 18 or may share an antenna 18 with the RF power transmitter 12 as shown
in Figure 11 a) and b), respectively. The antenna 18 switching control may be
performed using the same microcontroller 48 in communication with the RF power
sensor 46 or the switch may be implement with a circulator or directional coupler. It
may be advantageous in certain applications to use the enable or pulse generator 14 to
control the operation of the antenna 18 switch to ensure that the output of the RF
amplifier 22 is never active while the RF power sensor 46 is connected to the antenna

18.

Pulse Transmission Method — 3
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| [0100] There are numerous extensions of the three methods
previously described in this document. These include, but are not limited to, the
following. ' .

[0101] Alt 1. Altemative of Technique 1 ~ The carrier
does not fully go to zero, yet keeps a finite value for supplying low power states such as
the device’s sleep mode. This method is shown by the block diagram in Figure 13a and
the pulsing waveform in Figure 13b. The blocks have been described in Table 1. The
Enable signal line has been replaced with a Gain control 26 line, which is used to adjust
the level of the output signal. The Gain control 26 line ca;n be implemented in
numerous ways. On the Frequency generator 20, the Gain control 26 line can be a serial
input to a Phase-Locked Loop (PLL) used to program internal registers that have
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i n nunerous. figures presente %e?gidn. ’ﬂH‘aé%(. Hepneedf quency
selector 39. This can be applied to all methods where multiple frequency generators 20

are needed.

[0103] Alt3.  Alternative of Technique 2 — Each
transmitter 12 and/or frequency may have different amplitudes. The block diagram in

Figure 15a adds a Gain control 26 to produce various output signal levels shown in
Figure 15b.

[0104] - Alt 4. Alternative of Technique 3 — A single

transmitter 12 could be used to transmit all the channel frequencies sequentially to

eliminate the need for multiple transmitting units. This would resemble a CW system
~employing frequency hopping although no data will be sent, and the purpose will be for
power harvesting. Each channel may have different amplitude. All of these frequencies
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transmi tter (didspr pul f:sgﬁttrbgga:]q&lt?l%hﬁ\ym% 'ecggg]arrggeggsigge 4 — This

- r eS . .

éﬂaa%?%%{) gﬁﬁgpieggrpwglehbcm bewatsed as ﬁeﬁcrf’o@g gﬁ)M%’tﬁ&ti r]fe The single

N shar tenna W .

oy AU IR BT Dty s e
ymgfrgg% be1ssipty. yEactiemestoeomohal ssaiffrdit BeqRaRY Bld MViitude. The

m crocontroller 487in

IBRabRI lfu% HEsdeeﬂ Q%detdhhtg) rrvg &%Fyséeépl sl togirgy the letput on and off for

tion wt :
g % %I %39 quén icoptreinh lineyi Eduble Ghé GHY qir@c%ueﬂ[:?l selecto{ 39 function as

ST e advant ageous 1n cer
gfppl i g’???ﬁ?%?% pl&g,‘;e“’?‘%éiag’f‘%b F%r tBis ethed cae he setroin Figure 17a while
ths rudsing otavefremapshath anFRhrd he, ant enna 18 switch toer

ensure that[giﬁ output of the RF anplifier 22 is nev

active whil e RF poweHt8ensoAl tivec oyfneTechdlidue 3 — Each

frirsnzttee hhandMBr frequency may have different amplitudes. A Gain control 26 line

has been added to allow the output signal level to be varied. A block diagram for this
method can be seen in Figure 18. '

[0107] Alt 7. Alternative of Technique 4 — Multiple
transmitters 12 could transmit all the channel frequencies sequentially with each
channel occurring at a different transmitter 12 in a different timeslot. In this method, a
Control signal is used to synchronize multiple transmitters 12 at multiple frequencies in

_a way that each transmitter 12 is always on a different channel with respect to the other
transmitters 12. This system 10 also includes a gain control 26 to change the level of
the output of each transmitter 12. The Control line could be driven by a microcontroller
48 that has been programmed with an algorithm for the purpose of assigning each
transmitter 12 a different frequency for the current timeslot. In the next timeslot, the
microcontroller 48 would change the frequency assignments while assuring that all

transmitters 12 are operating on separate channels. The Gain control 26 of each
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Pul se Transm ssion Method - 3[0099] A sonewhat easy

WO iﬁ@yostl%laccorrpl ish the multiple transmtter uy92007/000568
tiple frequency nmethod of pulse transmission iIs to

fabrlcate each transmtter 12 using the exact sane
conmponents and design. Anyone skilled in the art knows
that all conponents have tol erances based on slight
manuf acturi ng and tenperature changes from conponent
to conmponent. Therefore, the fabrication of nore than
one identical transmtter 12 will result in these
transmtters 12 having slight variations in frequency

bei ng gener by the u cy generator 20 and

té?ﬂ?mlftgﬂgg ‘Fo‘t‘ﬂé’es PRl eﬂe‘%ﬁ $RO BTGt Masfer Thersontroller 48 or by a
MErbESrtNRr AR Ubch] k& &idt trahdneidtet e qﬁgmaﬁfétﬁnb &l1B9s a transmitter 12
manuf actured differently or theé could be the result

tgrdigable tpelhifnfopnd to bo bpeaficinlp A blaski diagrapofor this mathed ean be seen
I'ntFlgl?xtesl o3l v ¥ Wl@%&'& Hvtléqﬁlogxtthﬁrﬁgu;g e slight

erences bet identical transmtt Wil

essentially pl aGﬂ:‘L‘ﬁ&BﬂﬁaL_transmtters 12 on

slightly different frequencies or channels to produce
the result [6H8In i & E}'nchhd éoel?xote‘ﬂhmaslmghpulslé fWidrtenard periods of

n frequ i nsures \Y oint in space,
%eﬂuennaq é‘}qse\éf r o%var}'t‘ﬁ“ é a?g%?’ @Sr(g %o'fleagh umesiot may be
dlmaadnaapdimzl_yevadymﬁﬂmrg_e.l n and out of phase nmeani ng at

e oL, b TR B e St sensor
drndthed dgvicehan 'tdjbgrﬁs liatacbsRk 39 @ Hae€ iavieal ap@ieifvaldl b bofkern is that the
1%:?6 sane .as . i.f .there was no interference. Pul se

TSR P YRG0 1§ PaPRaEy &vie PH(FParETes POReE storage device,

WHEREOAW ¥ PAM] &ifld Hteffhle Wik 8R: WRERAS AcHES YaAYRtdng its data. Tn
described in this document. These incl ude, but are not

the RTM gase, the Wireless fexitheculd be desiened tojsengg whemamiulsg is incoming,
: K:Qlfd Jﬁﬁﬂﬁt fi¥Qata (Ilg?xg%asref)éﬁfe (qos?éré?lo&nt&ﬂ{al with ‘?hév\go&gtr Krstem) during

keeps a finite value for supplying | ow po
gp ;ﬁfggaegggrpfagae pulse. This would effectively eliminate any inference with a

wireless device that transmits its. data periodically. This is another advantage that the
PTM has over a CW system. The CW system will always be on, and therefore the
chance for interference will be much greater.

[0110] Data could be included within the pulses for communications
purposes. This would be accomplished by the inclusion of a data line(s) into the
Frequency Generator(s) 20 depicted in the previous figures. This line would be used to
modulate the carrier frequency. The receiver 32 would contain an additional apparatus
to extract the data from the incoming signal. This is shown in Figure 20.

[0111] 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 where lambda is the wavelength of the RF wave. The proposed

-33-



the device's sleep node. This nethod is shown by the

bl ock diagramin Figure 13a and the pul sing waveform
wono#FEiogwre 13b. The bl ocks have been descri bedpCm/usaimrm00568
1. The Enable signal |ine has been replaced with a

Gain control 26 line, which is used to adjust the

| evel of the output signal. The Gain control 26 |ine

can be inplenented in numerous ways. On the Frequency
generator 20, the Gain control 26 line can be a seria

i nput to a Phase-Locked Loop (PLL) used to program
internal registers that havenunerous responsibilities

[ ' j.usting .t.he output power of the device.

Tﬁlgggérpn conwI %ﬁne ddn ﬂ?%’ée%ﬁﬂkf fsometinmesaeferedtplay ilfuctive) region
aas well gt ithee fagifidld egios € Ghb 926l i ate voltage on .
the.anpl ifier 22, whi ch inq%‘ﬁf?’én‘aiﬁ%%‘n’ggss%ﬁa@cmf@ dhan 0.16 times
22°galn. It should be noted that the Gain control 26

i ne can adjosizyt heprapapl i d 4 2 ave both positive

aﬂéd negat J'Levle, gtall n. Tﬁ’iwsPl %%%ﬁeééo?%gﬁﬁm? HledriadBe exj that while the
CRECERI deitrintian zetsi foreh vint Homilt piesoriar EHBimbAL 08} fhe present
Abtertion\ hSAREHNS, ddlEHIN! ME ool Mo LT 2DST LLET 12 presen
%ﬁ ul se different frequehcles “CEHTENTHEN Je tmadedherto without
t 8y throvinirit ot sophabf thednwnaltionFach frequency

and/ or pul se may have different anplitudes. In Figure

14a, each Frequency generator 20 produces a different
frequency. Al of these frequencies are fed into the

Frequency selector 39 which determ nes and routes the

correct frequency to the anplifier 22. This bl ock

could be inplenented with a mcrocontroller 48 and a

coaxi al switch. The mcrocontroller 48 would be

programed with an algorithmthat woul d activate the

correct coaxial switch in the appropriate tineslot to

produce the waveformin Figure 14b. Miltiple frequency
generators 20 can be inplenmented using a -single

conponent that can change the frequency that it

out puts, such as, but not limted to, a PLL, which

could elimnate the need for a frequency
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selector 39. This can be applied to all nethods where

mul tiple frequency generators 20 are needed. [0103]
walh0788195 t er nati ve of Techni que 2 - Each tranBaruusenn7/000568

12 and/or frequency may have different anplitudes. The

bl ock diagramin Figure 15a adds a Gain control 26 to

produce various output signal |evels shown in Figure

15b. [0104] At 4. Alternative of Technique 3 - A

single transmtter 12 could be used to transmt al

the channel frequencies sequentially to elimnate the

need for multiple transmtting units. This woul d

resenbl e a CWsystem enpl oyi ng frequency hoppi ng

al though no data will be senCLAIMSt he purpose will be

f BHEIDWENTEOMaSL ANIEDERch channel may have different

anplitude. Al of these frequenciesare fed into the

Frequency sel ector 39 which determ nes and routes the

correct frequen ; lLifi.er 22. This bl ock ]

coul d be inpl errgﬁ?genglt%mp ﬁ%rqgﬁf“‘nh‘é?‘% FRYED M’@fesals' tarfcregeiver to power

Fo 83 SPMRHF8h. The Enabl e has been rempved due to the

conti nuous out put. signal. A bl ock

diagran1forQ?E#é%ﬁ%%ﬁ%g%§éﬁ°§%“§%8 Sesofmqyuareandsa

whil e the pul sing waveformis shown in Figure 16b. [O1

05] At 5. ; i.ve of Technique 4 - This waveform
(nul tiple f%%ﬁéﬁ%t’%%r)w 5H1°q1 58N g5V BRvotisT temsmmittorschre transmitting

NEPFsE far. thy igenesatog keetrimsasit ieGyilses AP &l o}ﬁ‘ﬂ | Lude
pul se in Method 1 has been repl aced m???r ph%é%g'
containing tineslots. Each tineslot can have a

di fferent f2equensiinachsatabiibedds: cihhe IEQQFJﬁgn i ne has

bes d ta.allow the system 10 to turn tRRYfer sensor is in
on %r@ cga?lf’nf‘%Fh g PYlssgengRorGai n control 26 Iine,
Enabl e |ine and Frequency selector 39 function as

previ ously de%cri bed. A block diagramfor this method
can be seer?' [ "fi*r"@‘@ftéer PR aleggriied in Claim 1 wherein the power sensor is in

communication with a microcontroller controlling the pulse generator. ‘

4. A transmitter as described in Claim 1 wherein the power sensor is in
communication with an analog to digital converter in communication with a

microcontroller controlling the pulse generator.

5. A power sensor for a pulse generator of a transmitter which can sense
when other transmitters are transmitting in order for the generator to transmit the pulses
at the appropriate time comprising: ‘

an antenna; and

an analog to digital converter or a voltage comparator or an input pin
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the pul sing waveformis shown in Figure 17b. [0106]
Alt 6. Alternative of Technique 3 - Each transmtter
wa20@ndion frequency may have different anplitBdEAS2047/000568

Gain control 26 |ine has been added to allow the

out put signal level to be varied. A block diagramfor

this nethod can be seen in Figure 18. [0107] At 7.

Al ternative of Technique 4 - Miltiple transmtters 12

could transmt all the channel frequencies

sequentially with each channel occurring at a

different transmtter 12 in a different tinmeslot. In

this method,. a, Control signal is used to synchronize

mul tiple transhsYendon pover trasigsion ¢omeppising:i es in a

way that each transmtter 12 is always on a different

channel with respect to the other transmtters 12. ,

This syst em®1Genspuges W&%@@Smlyapmscmnf bowe?@nd Gvhich senses when
12.

céthag@anshettb@\Ré t1@hsrhi ach transnitter
The Control |ine coul d EéHl r vre%r F BNFAPLIOJFATSHIY e pulses at the

FPPLepriate Hepandh progr ammed with an al gorithm for the

pur pose of assigning each transmtter 12 a different

frequency for the current tineslot. I n the next

timeslot, tR&eerivarovitioh redeiess 48 pamidh 6f§>6®@9%a¥1§]ﬁitted by the power

fﬁ&gﬂﬁ@&% ts whil e assuring that al
transmtt g?’%wfggg(?e operating on separate channel S.

The Gain control 26 of eachtransmtter 12 could be

control I ed by tlsﬁetsarre mast er mcrocontroller 48 or by

a ni crocont tof } 2FIAE 25 deseribed in (aimy ¢ avherdin tley ret@ived hensmits data
Erhebl the Lnananalekm/m)tarahﬁlﬂﬂﬁﬂghg)ﬁfse.lz to disable itself

if found to be beneficial. | ock diagram for this

met hod can be seen in Figure 19a while the pulsing

wavef orm i s8. shAV\ﬂnet}ﬁdeog%ﬁl 19k i gnal Not es
L4 ELmIt shoul d_be noted t hat ’“ﬁAg%ﬁf"lsg% fRYen4g power a load

BePPEaLeske sepiefiti al pul ses may vary with time. Al so,
the duration of each tineslot may be

producing pulses of power with a pulse generator; and

transmitting the pulses based on a power sensor which can sense when

other transmitters are transmitting in order for the generator to transmit the pulses at the
appropriate time.

9. An apparatus for transmitting power to a receiver to power a load
comprising:

a plurality of transmitters, each of which produce pulses of power and

each of which having an associated sensor that can sense when the transmitters are
producing the pulses so the associated transmitter can “transmit the pulses at the

appropriate time which are received by the receiver to power the load.
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different and may vary with tine. [0109] If the device
being renotely powered is a wirel ess sensor 46 or
wobherostevi ce that reports data back to a baseprerasr®mmo000568
at intervals, a concern is that the RF power signal
bei ng used to power the device or charge a power
st orage device, whether CWor PTM could interfere
with the wireless device transnmitting its data. In the
PTM case, the wirel ess device could be designed to
sense when a pulse is incomng, and transmt its data
(using a separate or shared antenna with the power
system) during the off period of the pulse. This would
effectively elimnate any inference with a wirel ess

devi ce that 10r adsmidilod - tratdhd@nhf pbogdbcal Ly. This is
aﬁﬁﬁ%%in ﬁiéant agqef. that the PTM hgg ggg’%?’ CGYERMR Power a load
The s@s RN Y al ways be on, and therefore the

chance for interference will be much greater. [0110]

Data coul d 'b%gi ncl uded wthin the pul ses for .

communi cat i BIRSStHepRIYEss. ofirveervibemch phuraloty Wk ArzBHedYach having

tdmeask ot htd8 isérkop thA ' into the Frequency
Gener at (Er s)S 20 depiﬁ%?gecglsg3 nwﬁgﬁggep%rr%l?ﬁ%‘ Ersfarg Bragacingthg pulses so the

| PHREIABY FranBBities een trensmuitl tHeatdsdshie tietdgpr6ridis BHHEDEYR are received
s

'B'y&héeé&wé@&oﬁgwg\péﬂe?o ;entain an additional apparatu
to extract the data fromthe incomng signal. This is
shown in Figure 20. [0111] The invention should not be
confused wi{ph transfer by inductive coupling,

whi ch requi re'th% &2‘% et\r?lrggwfﬁtrﬁ%mfléﬁl‘é‘i‘ FBpIisipEose to
the power transm ssion source. The RFK) Handbook by

t he aut hor th%%% Ftitnkgﬂ{}]g%lcl er defines the inductive

coupl i ng region as di drPEDis culsere oft powad thaeing an average

gadsmidtedipower;afnd ess than 0. 16 tines | anbda where

| anbda i s the wavel ength of the RF wave. The

proposedi nvention can inplenented- in the near-field

(soneti nes areteneedhich @seibOQIHE! M ion as well as

%Qr? far- gol eld r e?g on. The far-f iﬂeﬁ %ergefgrg’%eri tgansmitted by the power
i st ances B¢t afp the mulses prodmsd by the transmitter yielding voltages at

the receiver which are higher than continuous

| -wave systems having the same average
transmitted power as the transmitter.

12. A system for power transmission comprising:’
a transmitter which transmits pulses of power; and

a recerver adapted to be disposed in a patient which receives the pulses

of power t@nsmitted by the power transmitter to power a load.

13. A system for power transmission comprising:
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| anbda. [01 12] It wll be understood by those skilled

in the art that while the foregoing description sets
woéaond7hsigaridet ai | preferred enbodi ments of the PCEISZE07/000568

i nvention, nodifications, additions, and changes m ght

be made thereto wi thout departing fromthe spirit and

scope of the invention. CLAIMS THE | NVENTI ON CLAI MED

IS 1. Atransmitter for transmtting power wrelessly

to a receiver to power a |oad conprising: a pulse

generator for producing pul ses of power; and a power

sensor whi ch can sense when other transmtters are
\transmtting in grger for the generator to transmt

the pul ses at fNa ApprBpichatransmite. pudses Aof rpavesri hh@hg an average

azangadtied peden; andl ai m 1 wherei n the power sensor is I'n

communi cation with the pul se generator. 3. A

transmitter as described in Caim1l wherein the power

SeNnsor i s i B reBRIGaL QR th a m cracontroller,
ontrolli '@(? the pul se é%él“?ogségé pﬂgeio PRWYShiengpitied by the power
n

I 1 . . .
ottt o et o PENEiced 09 O Schfmicer vilaig
n / . |
S’?ﬁ @ggs n I@é at i lgﬁp ‘vvil tﬂg AR gr oeoicr ’i?f:?lg PT ¥ty atel highert than continuous-
At BRVeRS U8 sangp ewengs easehitial ndvdy . .
GENER e ar Shodt gfe%@"&%sttt er which can spenseuA\/\sﬂswglﬁ GRgtter enabling

transmitters-arg transmtti ng in order for the
generator to transmt the pulses at the appropriate

time conprig NG...an tenna; and
COMprisy ng sy&em%r power transmission comprising:

a transmitter which transmits pulses of power havin
transmitted power; and

g an average

a recerver which receives the pulses of power transmitted by the power
transmitter to power a load, the pulses produced by the transmitter yielding
Instantaneous open circuit voltages at the receiver which are higher than continuous

W . .
.ave systems having the same average transmitted power as the transmitter enabling
direct powering at greater distance.

15. A system for power transmission comprising:

a transmitter which transmits pulses of power; and |

a receiver which receives the pulses of power &ansmi&ed by the power

transmitter to power a load and transmits data'when the transmitter is not transmitting a
pulse.
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an analog to digital converter or a voltage conparator

or an input pin.6. A systemfor power transm ssion
woaogrossi7ng: a transmtter which transmts pul 8es/Us2007/000568

power and which senses when other transmtters are

transmtting in order for the generator to transmt

the pul ses at the appropriate tine; and a receiver

whi ch receives the pul ses of power transmtted by the

power transmtter to power a load. 7. A system as

described in Claim6 wherein the receiver transmts

data when the transmtter is not transmtting a pul se.

8. A net hod %o%trf@%{?tting power to a receiver to

power a | oad cOMPIFFOCHGT FARSTRitigPOyFer Wirddssly hoa pedefies comprising

dhepepeofwi th a pul se generator; and transmitting the

pul ses based on a power sensor which can sense when ‘

other transmtters are transmtting in order for the

generator to transmt the pul ses at the approppate

time. 9. Anseélﬁﬁ’ﬁrpé’ﬁ‘(%wé‘ﬂl&aﬁ‘mﬂsmbmapdmer to a

receiver to power a load conprising: a plurality of

transmtters, each of which produce pul ses of power

and each of which having an associ ated sensor that can

sense when THEMiitmspewer evisclessly by o daabmfitck MEHR YRS sensed by the

so the associated transmtter can transnmt the pul ses

SEUSPR s bgdovathtesheldt i ne which are received by the

receiver to power the load.10. A nethod for

transmtting power to a receiver to power a |oad

conprising the steps of: producing pul ses of power

from a pl urld. i Aynehod a8 dsssribbe s C@ﬁﬁhl@ﬂYJIMng the step of waiting to

transmit power wirelessly by the transmitter if the power sénsed by the sensor is above

the threshold.

18. A transmitter as described in Claim 1 wherein the pulse generator

includes a frequency generator having an output, and an amplifier in communication

with the frequency generator.

19. A transmitter as described in Claim 18 including an enabler which

controls the frequency generator or the amplifier to form the pulses.

20. A transmitter as described in Claim 19 wherein the enabler defines a

time duration between pulses.
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an associ ated sensor that can sense when the
transmtters are producing the pul ses so the
wazsose7ed transmtter can transmt the pul seBCaUSRINE000568
appropriate tinme which are received by the receiver to

power the load. 11. A systemfor power transm ssion
conprising: a transmtter which transmts pul ses of

power having an average transmitted power; and a

recei ver which receives the pul ses of power

transmtted by the power transmtter to power a | oad,

t he pul ses produced by the transmtter vyielding

vol tages at 4he A ceiver i ch_are higher than

cont i nuous- wave systent’ 3 desrgibed dn {daim 30 avhegein the time duration is
t ' ower.as the transmtter. 12. A systemfor
p%agl?mﬂragﬁ%r%&sas | %%orl@di%‘%i ofjthgyfrequency gen¢ratos pu%/mmit.c h

transmts pul ses of power; and a receiver adapted to

be di sposed in a patient which receives the pul ses of

power . trans 'tgﬁg b%/%t he power transmtter to power a

| oad. 13. A“SystEnfsmileasrdeserbrshins€laim Towbeiesh B fower of the
tt;a%gsngé‘{ er whi.ch transmts pulses of power having an :
aver 25ed PHISERTs equvialsng o andvarage pemeeroflli itinuous wave power
rtecei ves the pul ses of power transmtted by the power

PRSI eYsted power a | oad, the pul ses produced by
the transmtter yielding instantaneous open circuit
vol tages at the receiver which are higher than
conti nuouswave systens having the same average
transmitt ecﬁi’pom&?mmtthxleai desesibed i€ CIARADD VAR -BALHLE b¥erage power
rechargi ng at greater distance. 14. A systemftor power
P?&é&gﬁf%@snws(mdmmmcgby

P T
Py = peak (Tpyse )

T PERIOD

24. A tr.ansmitter as described in Claim 1 wherein the pﬁlse ‘generator

- produces a continuous amount of power between pulses

25. A transmitter as described in Claim 1 wherein the pulse generator

produces pulses at different output frequencies sequentially.

26. A transmitter as described in Claim 1 wherein the pulse generator

produces pulses at different amplitudes.
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atransmtter which transmts pul ses of power having
an average transmtted power; and a receiver which
woeewigegit he pul ses of power transmtted by tReTS®7/000568
transmtter to power a |l oad, the pul ses produced by
the transmtter yielding instantaneous open circuit
vol tages at the receiver which are higher than
conti nuouswave systens havi ng the sane average
transmtted power as the transmitter enabling direct
powering at greater distance. 15. A systemfor power
transm ssion conprising: a transmtter which transmts
pul ses of power; and a receiver which receives the
pul ses of power transmitted by the power transmtter
to power a I29ad and transmts data when the
transnitter %’s ‘hSRNPMHEHS 5 deseribed ipTiaim 6. wiersit the ulse generator
H%E tgans 'thing power wirelessly to a receiver
CORFPS P idUeHE Sf Egguertcy esamsitors; mowsipliter amdRE HRGNEIoy selector in
Sc%ﬁ%ﬁﬁ%ﬁg?&?n t“;ltal{lagl tﬁtl ng pome;dv(\lnhr el ;SSl y by a “
t [ SENCY ggasedtony ah. &hé%ﬁg}f S .
a threshold. 17. A nethod as described in z?ierﬁ t{lgtehgéé’mmes and
i"RBtea dheprEact fregegneytfromite equoncy amsioks BAUE hmplifier
wirelessly by the transmtter if the power sensel gy'
the sensor is above the threshold. 18. A transmtter
-as described in Claim1l wherein the pul se generator
i ncl udes a 2%.eduemnsmigenas @%@fﬁﬂ@@‘ﬁhr@laﬂ? 1004,
an anplifier in comunication wth the frequency
J@nanys data between the pulses.

and
the pulse generator

29. A transmitter as described in Claim I wherein the pulse generator

transmits data in the pulses.

30. A transmitter as described in Claim 18 including a gain control

which controls the frequency generator or the amplifier to form the pulses.

31. A transmitter as described in Claim 30 wherein the gain control

defines a time duration between pulses.

32. A system for power transmission comprising:

a transmitter that produces: pulses of power; and
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19. Atransmtter as described in Caim 18 including

an enabl er which controls the frequency generator or
woOher7aspl7ifier to formthe pul ses. 20. A transRCTUSRO0AB00568

described in Caim19 wherein the enabler defines a

time duration between pul ses.21. Atransmtter as

described in Caim20 wherein the tine duration is

greater than one-half of one cycle of the frequency

generator output. 22. The transmtter as described in

G aim 21 wherein the power of the transmtted pul ses

is equivalent to an average power of a continuous wave

power transm ssion system 23. Atransnmitter as

described in Caim22 wherein the average power Pavg

of the pulses is determ ned by 24. A transmtter as

described i A "EfAYh '2oHifd irside pnbeliodse geneadimedium, wherein the

lef%ig&er% a conti nPous amount of power between pul ses.

SR PEHYR PF @1lsgs ofipawey iseddérto Gosierms loadher ei n t he

pul se generator produces pul ses at different output

frequencies sequentially. 26. Atransmtter as

described in daim3l1 wherein the pul se generator

produces puPded systenl for gowet ranghissiva esmadsing:

transmtter as described in Claim26 whereinthe pul se

generator includes a plurality of frequency

gener at or s; ;n anplifier; and a frequency selector in

conmuni cat i dWangimitter thet prodgess Nt} ps - .

anplifier, that determ nes anmu?g?etﬂhlgwg%?ﬁgg%ggeValue’ and

frequency fromthe frequency generators to the

anplifier. 28. Atransmtter as described in Caiml

wherein t he p&deberghaef@bmestth@r&@ S . bet ween t he
pul ses. 29. A transmtter as descri‘%e%g‘?%raa é)lr#e}lg power a load,

Wwhetes the lvad psipseeg@ng! @t@hces greater than those obtained by a cc;ntinuous-

wave system at an average power level that is the same as the average value

34. A system as described in Claim 33 wherein the load is a battery, a

circuit, or an LED.

35. A system for power transmission comprising;:

a transmitter which transmits pulses of power; and

a receiver which receives the pulses of power transmitted by the

transmitter to power a load, wherein the load has predetermined power requirements
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transmts data in the pulses. 30. Atransnmtter as
described in Caim18 including a gain control which
woani7rsiwit he frequency generator or the anpli PCEUSE®D7/000568
formthe pulses. 31. Atransnmitter as described in
Cl aim 30 wherein the gain control defines a tine
duration between pul ses. 32. A system for power
transm ssion conprising: a transmtter that produces
pul ses of power; anda receiver |ocated inside or
behi nd an attenuating nedium wherein the receiver
recei ves the pul ses of power in order to power a | oad.
S or Wer transm ssion conprising: a
%}}r gn@r% %‘?‘%‘f‘%’af“%%o c@g'dgEﬂWedeWcr heauira@ea using less average

g alue: and a receiver that receives the output
pové‘?t%?ﬁy e(SlrﬂLlj a?ﬁ“%%@fm&pw&aa,a fikedrapicunt bepbwad i s
powered at di stances greater than those obtained by a
conti nuouswave system at an average power |evel that
is the sanE%gEﬁFhe.avihggﬁ value. 34. A system as .

descri bed i 1O-CRdPHRIBS Wikich avirel¢ssly reogides sulishatbek .
circuit, or an LED. 35. A system for power . b ech%pnmng

transm ssion conprising: a transmtter which transmts

pul ses of pomea%'and a receiver which receives the

pul ses of powestiiiarawbivht tedivey thbeplsangp .
ovverelsa | oad, wherein the |oad has predet eﬁrm rﬁ’egﬁepé)\}\%sfes yielding

&l Epcaingr whizhtarahsghet tiei dBRRhSoHNE ;

gr e-determ ned power requirements usi n(g)] Bas” R¥FLlaying the same
BR PYBenas thépulses;t ransnitter outputting a fixed

anmount of power. 36. A receiver which wirelessly

recei ves pul ses of power conprising: a rectifier which

recei ves the pul ses of power, the pul ses yielding

a . . .
storage device in electrical communication with the rectifier which is

powered by the rectifier and provides a predetermined continuous level of power; and
2

a load in -electrical communication with the storage device and receiving

power from the storage device.

37. A receiver which wirelessly receives pulses of power comprisiﬁg'

a rectifier which receives the pulses of power, the pulses yielding
Instantaneous open circuit voltages at the receiver which are higher than continuous

wave power having the same average power as the pulses enabling battery recharging at

greater distance; and
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vol tages at the receiver which are higher than

conti nuous-wave power having the sane average power as
woOher7msiwes; a storage device in electrical PCT/US2007/000568

communi cation with the rectifier which is powered by

the rectifier and provides a predeterm ned conti nuous

| evel of power; and a load in electrical conmrunication

with the storage device and receiving power fromthe

storage device. 37. A receiver which wirelessly

recei ves pul ses of power conprising: a rectifier which

recei ves the pul ses of power, the pul ses yielding

i nst ant aneous open circuit voltages at the receiver

whi ch are hi gher than conti nuouswave power having the

same average power _as the pul ses enabling battery

rechar gi ng -étbag‘j‘te@ét"é relefitiead rrosymuemidatidia gy hel Pectifier

el ectrjcal, communication with the rectifier and

RS hsokRetitiet om t he rectifier. 38. A receiver

which wirel essly receives pul ses of power conprising:

a rectifier which receives the pul ses of power, the

pul ses yiel ding i nstantaneous open circuit voltages at

t he recei velS.whireteiverevich hareléstBite6Q0Ld ﬂHQééa‘Q’?eég,er comprising:

and receiving

power having the same average power as the p

enabl ing direct powering at greater distance; a
storage device in electrical communication with the
rectifier whirettifies whivhr esteh¥stie QL kel and o
provi des a predet erni ned continuoug Fevgrlﬁ?w%bJﬁﬁ;pu“eS?Wekhng

divéhngaricons| open eireGit VoliagesCANIH M AL ith th .
st orage devi ce and rece%ving power ??%ﬁ% H%eé?éFﬁdBm‘cm“““mU&

Wave peweBBavife thé Bage T [ ' s _of power. X
recei ved wir elg essly g ;9%ra§§ 'pBeP b BRS palsed’ eﬂ%‘l’mg direct powering at

greater distance;

a storage device in electrical communication with the rectifier which is

powered by the rectifier and provides a predetermined continuous level of power; and

a load in electrical communication with the storage device and receiving

power from the storage device,

39. A method for using pulses of power received wirelessly by a

receiver comprising the steps of:

receiving the pulses of power by a rectifier of the receiver,
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receiver conprising the steps of: receiving the pul ses

of power by a rectifier of the receiver; providing by
woOherrosca7ifi er energy fromthe pul ses of power PCa82007/000568

powering a load with the energy fromthe rectifier.

providing by the rectifier energy from the pulses of pov;'er' and

powering a load with the energy from the rectifier.
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