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DYNAM C RADI O FREQUENCY POWER HARVESTI NG Backgr ound

This relates generally to harvesting power fromradio
wo ec@goessay signals. A nunber of radi o frequencpCTiEs2009884173

may be operated at renote |ocations. In addition, sone

of these devices may be nobile. Therefore, a readily

avai | ahyAIRCIR ABPOF RRQGUENOY FOWER TRARVESTIRG

possi ble. One way to power these devices is to power

themfromthe radi o frequency signal they receive

using a technique called radio frequency power

harvesting. One application for radio frequency power

harvesting is radio freddaskaspundentification (RFI D)

t echnol whi ch be..used in.publi.c.transportation,

| ogitby e it B S e POy LR B G Eeh R T S

I nvemirabet of edilié ftqishdy Hededsimgy bd srredted@ rg@oetSoédtions. In

supply chains, tracking parts, security, access )
addifigmtspBic of Hepsade vewmtmeaks Babile. ol aspforcop Tgaddy agaitablg, continuous

: [ ' Lo

souE AR mAafh BEbo SRR OFL ha01 B Efin - ERLRAF Yower them
fronptheesdd fieqhedd signai theypcoice asiag 8 tevhdigae rsldgdsradiOrfeequency

reason radi o frequency identification tags are a good
POWSHMIYEHBon for a radi o frequency power harvesting is

t h@netaBﬁliéatiBﬁWra&i%%qﬁ@&%%e@ hErvE&Indlit MRy frE%Qﬁé} -

However, radi o frequency power harvesting may be used
identificationd RIFED y teolinadedyewhigh plaiy datusohs adlivtlahsporagompd@stics,

..radio frequency identification system use, a r.eader, .
it e FORTRE ool Wk R R <O ST Pf Bk neing esods in
supplP¥Rdind, HEEHEH GMits, @éuuhf\y, laogeEorftios hidD & BhaRRhidiAtd MBStion just a

nmay use active tags. radi o frequency i dentification

few examptay deother dpptiexjioatferragiorfeqguenayi pawes hergstingsie i capnection
witha@irélg{sgyn%dv&]e%gdjQ&Q%id%a rﬂlgtlogl%rcg§sgg§ ahi rs%ﬁgof‘s. attached to
an an a. reader/witer S Oou e

sen ectronmagnetic
wame réddoh Relid fgqidhay identficRion togsrare€noddapphieaticiOdr a radio

freql?enntcg rf)g\?v'er harvesting is that their power requirements are relatively modest.
However, radio frequency power harvesting may be used in a variety of other applications
as well.

A simple radio frequency identification system may use a reader and passive tags
that work with shorter range and lower frequency, while longer distance applications may
use active tags. A radio frequency identification tag may be an integrated circuit with a
tag insert or an inlay including an integrated circuit attached to an antenna. A
reader/writer sends out electromagnetic waves to the tag that induce a current in the tags’
antenna.

The reader/writer may be a fixed or portable device. The tag modulates the wave
and may send information back to the reader/writer. Additional information about the
items the tag is attached to can be stored on the tag.

Passive tags typically have no power source and rely on the energy delivered by
the interrogation signal to transmit a stream of information. Active tags may have a power

source such as a direct current battery. Semi-passive tags may have a battery that is used

for only part of the tag’s power needs.
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The reader/witer may be a fixed or portable device.
The tag nodul ates the wave and may send i nformation
whawk/0t641 he reader/witer. Additional informaP¢DNS2007/084173
about the itens the tag is attached to can be stored
on the tag. Passive tags typically have no power
SoykfeAnAR ha) e %hﬁﬁ?d%@ﬁﬁ&ﬂ tetelab uBd aft BydctMRiter through
interrogation signal to transnmit a stream of
elthetrnmcbmtm@ p@rphng\@t yek-seater MMynyhdifiereat fequsncispmey e gtibited for

thes%%x/sge 1S, % os (ho mOSElllJIgee frfe§ enc1e|8% esallr\o/en(f f@&f’[ﬁﬁayB 56 MHz,

902mmMmﬁedmmerM| on may be exchanged bet ween the
tag and the reader/witer through either inductive
coupling or back-scatter. Many different frequencies
may be utilized for these systens, but the nbst common

current frequencBel%f%gcr%ﬁgfmgﬂ%@a%ﬁgg 13.56 MHz, 902
to 928 MHz, and m crowav rire scription of the
Dr avgung § i gusteen depiigtion wastDdierptiemt acomrdufg ta rmnREmBodlment-
ibtem ccordl ng .to o I’I%Edl nent ; ure 2.1s d h
LRE 2 i AgF A diggran OW \R/BYV%I%W\V/ Eﬁlj“&ﬁ Flca&F?r e wit
one&%@dlﬁﬁﬁﬁe w th one enbodinment; Figure 3 is a graph of
si mul ated vol tage over tine for three si gnal s
i nEltgm fngs agleph of elmu\lreaicﬁievqlt’aeﬁpmemm:fomtlyﬁg sighalsimg ludimg a
squa al s der,i ved t herefro )
carr BRSO B REPES e e B SaldE SR Pt P R ko
VeFsdise sﬁ@ plot 6fyinG RSed Wl taB@lMOSE duR@n PRVWEY harfb &efsugbthee
5 shows a graph of sinulated voltage versus tine for a
devigesfPEarvpiNS PAIVEBHEE bet ween a static power harvesting
no
Do LS e s AL B oP BN IR YRR o A Rh Bt pwitches
betwicde atstatic tpﬁbvbﬂ]lihr(zé%lﬁh@)ncﬁiy ahémdifdnicpoivgd Rervestingahale.
frequency identification reader/witer 102 having an

antenna 104 and a radio fr uencty identification

devi ce 106 having an y of a nunber of
di Rf-858RE to Figure 1, a radio frequency identification (RFID) system 100 includes

a radio frequency identification reader/writer 102 having an antenna 104 and a radio
frequency identification device 106 having an antenna 108. Any of a number of different
low profile antenna tags may be used for the antenna 104 and antenna 106, including, for
example, dipole, loop, patch, or other antennas.

The device 106 receives and processes a radio frequency signal 110 from the
reader/writer 102. The device 106 may include power harvesting and voltage processing
circuitry 112, a processor or state machine 114, a storage 116, and a modulator 118. The
power harvesting and voltage processing circuit 112 may include circuitry for harvesting
power to operate the device 106 from the radio frequency signal 110.

The storage 116 may contain a key for decryption, a device identification for signal
authentication, or other information. The modulator 118 may control the switch 122 and
may be used for upstream communications in some embodiments.

To access the device 106, an interrogation signal may be transmitted by the
reader/writer 102 in the vicinity of the device 106. Upon receipt of the interrogation

signal, the device 106 may respond by dynamically modulating the impedance of its
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|l ow profile antenna tags may be used for the antenna
104 and antenna 106, including, for exanple, dipole,

wO o@p/07g5at ch, or ot her antennas. The devi ce 10BCT/US2007/084173
recei ves and processes a radio frequency signal 110
fromthe reader/witer 102. The device 106 may i ncl ude

anteﬁ@é/\'ﬁl’S BNVYERE GBI RatiBHCTRE ARESRI 108 kdy Kcliuh&d/ fok %atever
processor or state machi ne 114, a storage 116, and

lmpfrﬁ@a@ﬁ atconveni@t frphearpenna asige Q@I'Sm}tlaﬂd vol t age
Pr @& ?e%fm%% lglg{lr%by %he powe%%rve%n[ﬁngucdeuﬁ IlﬁE,L{IBth(%IOI‘danC? I,\%wth one

har ves operate evi ce

embbdighicat fnﬁe@ﬂtil@ﬁ eymiicodl to tHdantdina 198 andgLerbdfd. MBlye signal from the
contain a key for decryptlon a device identification
antepiyy | & iw be Bissrbihroush ol mafchBiErstwoTkldp wiat iy, Inctade an

t
inclfBF e Spelibh, OB IR ehin A R BT o
delivkoy acthe disrviehtgoéncuitey dbdnayaimproeepavagabivestigy gidal  nmay
be transm he reader/wi 2 in the

t.ed 1
compuajcaipRs f‘é?m@w o%R&?Frc%‘atf L% BeEPpisek t he

in t I, ige
L 8 0 JOP i

capacgomrieodEaciesppocise li2hmmyratdoopled The dade d AhaTho Biodey 1 Hemay
edance .is convenient fr n
ve iR R e SeGh S EtesldRRrg o rR PGB e Bicsr]as
mayRRWBplBa kYL Go &1t E&Hic! galé—gontfdlle@@ﬁﬁﬁ@’t@ﬂﬁﬁltm 133, one
enbodi nent, may have connections to the antenna 108

trangister $veitar GSraay hﬁm@nﬁ‘pgﬁ@by f gathsignel Bheehhal hogngepjiopef
mgnglg%ﬁ Sagd tPE rbyu[g% %g}era?glr tcll% Nr %eV\P\[n?H %é %nglbg&{ na}f”@%tamép

€ an a capaci

circuiet 3811k ohd4nmBYinieax P aZhﬁ PQhﬁaﬁ@al\@dfnefméd fremthd @phhRF signal,
harvestlng C|rCU|tr and nprove ﬁﬁmer harvestlng

passgeh Hhreushnile; @agadeht §1Vélft?fr9 &9 @Wéyce oihkesholdad sign#d I pret SHYRIES
vvav%%n(?3 g ?r%&éﬁg qu-l;lljeew?{fegf@ de g eﬁ l(ﬁl'% & Iﬂﬂké e Rt ]yplrng§ gﬂ‘f}g ge

e coupled to ree capacitor
prodﬁg@dﬁbﬁﬁﬁh@eﬂ@bkd&ﬁooﬁ?m ocbyipDethyt lcocked Looke(I1BY). The

08 Al B TEr 6o THBB SO e 2
illusfrrgﬂgg El%gto %(Ptogﬁﬁl?ﬂ(l; h%%ﬂé@ b%ﬁg AGHH1¢E; fod Rk BnReN mRkd&Rtroller or
RFID tag.

A number of other transistors 138 can receive the signal P1 from the P1 and P2
generator circuit 145. The signals P1 and P2 are out of phase with one another. As shown
in Figure 3, a carrier wave C, provided in the signal 110, may be thresholded and buffered
or inverted to form the thresholded positive and negative signals P1 and P2. One of those
signals P1, P2 is produced by a first of two series connected inverters and the other of the
signals is provided by the second of two series connected inverters.

In the embodiment shown in Figure 2, a series of three voltage doubler circuits
130a, 130b, and 130C in cascade are provided. However, any number of voltage doubler
circuits may be utilized. In addition, while the depicted circuits are based on the so-called
Villard voltage doubler, also known as the Cockcroft-Walton voltage multipler, a Dickson

voltage multiplier may also be utilized. As used herein, a voltage doubler circuit may

double or multiply a voltage.
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transi stor swtch 138 may be controlled by a gate

signal P2 or Pl . The generation of signals Pl and P2
whyooslegssgenerator circuit 145 in Figure 2 may BPET/US2007/084173

enabl ed by a startup circuit 136. In one enbodi nent,

Pl and P2 may be generated fromthe input RF signal,

paghe dokdPeisablct W0 %@iﬁ:@ﬁ@q{dcl{lﬂ‘é’sﬁ i8F Saited dRSRABARNA a capacitor
t hr eshol ded si gnal square wave), and a second

132 éyisati ey apostivegacldediteeplied ragfo fierasacy Pinalpad Fb@nr@wycond

palr%le(? 8deb ? T(n%gcaﬁgcno?zf%@ re@tiglrtiei%ce:sl%(g%%l 111?[8% %&flﬁll‘% c¥/cl% bﬁma ng the

pos1ﬁwwwk§ thd %lﬁgmoﬁm(ihﬁe&ﬁa&torﬂ% ih @achapeisvesdyale il ﬂransferred
illustrates the |oad to which power is beingmfuppl

to the gppasitairpi euscd ifhemeeising Fxtle-el gy thrpoliagsep tha cApreier 42 used
8

in thg rpogﬂlbﬁ Eycg)% ﬁqaéciﬁléggfog‘g%g h g@gpolrt gf&lliﬁﬁpli%goﬁ E?%geﬂe 1g%g?sed by

cascE’dilngladeﬂ?& ctsectoint ciodr rmhapberw Inhsonmeee nabudlithexts, c,éﬁlpisdmnmtary

n Fjgure 3, C rovided in the si I
mot félde?%ﬁvl%ad%?rﬁ%bgi@mﬁﬁ o5 1RE PR PTS i MBS S
diodt@r m t he threshol ded positive and negative signals Pl
and P2. One of those signals P, P2 is produced by a
f i Bytusolg dymmsceﬂrmmntgimxstoemn&mqméleswahd)r im&adtoﬁdre diodes

f ' | s ,i d h
124 ot R B PR a ot ST R i BEROR R Dk R g e
impedanée SRE), @@%ﬁf\fldefhrs@zﬁlc\@v&e@Q&r@@%@u@ﬁlyﬁioﬁxﬁéﬂ bﬁ‘tﬁ;eé&(ﬁﬁy to the
130b, and OC in cascade are provid However, any

tranﬁgﬁtselﬁSéhat\pmwtldﬂg@omffﬂcbve éyna@uc ﬁ\gltmlgé fhering 4 $acerdimofie,
SO A YRS 4 o A0 S S BB ek

usingelekdio@dst 134 \Whki embiasl| gteagen@mbit thpkes threshad@&s@ﬁammltaagez
multiplier may also be utilized. As used herei

whichore A& o1t @b PRAsectomoMict selejectionss & thsrtramyistor chlﬁs 138 during
T

e YEUERBATTR O SR RIEL Gt IEr LA S

contmlhmstﬂét thaesumhbea obltdgheo ﬂxegnlha&cgemmdtar 1#6 afiorethe yoBaggraatoss

ISR E W R TR e N
138 IR QSO YR fiah g 16 Qﬁlgﬁthp@%cg t@fed on the
capacitor 126 in the negative cycle Is transferred

Referring to Flgure 4, the effect of dynamic versus static operation is depicted.
The dynamic curve using the transistors rises much more quickly, in some embodiments,
than the static curve which uses diodes only. Thus, the dynamic switches can theoretically
generate additional power.

This enhancement is further illustrated in Figure 5 which shows one mode of the
operation of the circuit 112 shown in Figure 2. Initially, the circuit 112 is powered only
by the static diodes 124 and 134. In this mode, the transistors 138 are set to a high
impedance state. Then, when sufficient charge is accumulated, the startup circuit 136
enables dynamic operation using the transistors 138 controlled by the out-of-phase signals
P1 and P2 supplied by phase generator 145. In one embodiment, in the static mode, the
startup circuit 136 holds control signals P1 and P2 in the zero state until enough energy is

accumulated to operate in the dynamic harvesting phase using the transistors 138 driven

by the signals P1 and P2.
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to the capacitor 132 used in the positive cycle. Thus,

the voltage on the capacitor 132 used in the positive
wW@y®BM76587 | deal | y doubl ed. The vol tage mul ti pl PCHUSIIN7/084173

may be increased by cascading a series of such

inverter nultipliers. In sonme enbodi nents,

comph g MRt YcapRliRdhs P20 ARl IS2ThSORALLCH A b&tﬁm?tlc and dynamic

di ode-'connected transistors are used instead
opergiien ewslnleay difEireny tinpaand in @ﬁ«ete@hphﬁge& r Hnsshariog of cggciters may
redu?% cc?s %% cezlgcuit\lgfgg{%llnp Sts%%ld bod1 I?S ofjnteosne]éézpe o?rrlgeﬁﬁsa?l?]aétery may
lm1$&ﬁm%ugﬂ9@6wﬁﬁbrﬂ&cgmbmghnb&ﬂedance state), to provide

a static power source to_supply. pomer subsequent |y t

t h&efqreness Sropahonsbisspasifipation; to e onperabaskimert oy ean dmbodiment”
BT L08 SUTRD P FERTO DS L85, SHAELIR i
embbhmmdn&rsu&dhﬁd 1t1$t hagsttdne idpledestalidd endongrasedatities the present

. eneration of the t t.hreshol de nal s Pl an
INVERRPTE h' HSe?PPS B 28RS Oéxﬁepﬂg 3¢, °to elﬁ‘gﬂ?\ém%gg’loéctlbﬂl gh %‘Fnt are
not ﬁée@ssaﬁg%fef»ﬁ@g’ totHé sﬁﬁ@énﬂé’&m&w 'Pfﬂlgth&l?ﬁoré ecﬁ@?ﬂ*tlmglefeatures

hus, the startup circuit 126 1 ncludes a voltage
strucmms,tom chdrd&casttbs maydmsting]thted 1mdthert vattbls dqrpisi cekserahan the

volta .0 the phas ter the vol tage
perciffiof 8950direb{ TR Lo RER T3 Fompdmnite SoopPluaet i Bitioa
Cbnh@ypﬁﬁpgmghbpbh@m090|nt NMVOS tranS|stors 138 receive

0 volts, setting themto a high inpedance state.

RefVékitq the preserfiigpneion has hren gescsded phithdgspart te adinisadsiumber of
ernb?#l dnfs, HRSL ?k 19({]111 the 91% Qvﬂ‘f éﬁﬁgc&'&%u%}’e%%%‘rﬁoa%'éa\{%ny gﬁc{]g

e transrstors rises muc re quickly, i n sone

varig{ope thorerirs, IttiHateridoe tigik el apendcd € lavak Ehvod S Such modiSications

only. Thus, the dynam c switches can theoretically
and @j@rr?é&oaﬁ @s %@Hd’ﬂfm@ﬂsﬂ TrUSREH ang BERPC HH h BESHRH N YC8LPRr t her

illustrated in Figure 5 which shows one node of the

operation of the circuit 112 shown in Figure 2.

Initially, the circuit 112 is powered only by the

static diodes 124 and 134. In this node, the

transi stors 138 are set to a high inpedance state.

Then, when sufficient charge is accunul ated, the

startup circuit 136
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enabl es dynam c operation using the transistors 138

controll ed by the out-of-phase signals Pl and P2
waapploresd? by phase generator 145. I n one enbodP@ENB2007/084173

the static node, the startup circuit 136 holds contro

signals Pl and P2 in the zero state until enough
Whe Red18ncdSs:accunul ated to operate in the dynamc

harvesti ng phase using the transistors 138 driven by

t hé. S|gﬁam§mpﬁcamﬁﬂPQgThus t he same capaC|tors 126

and 132 th.the st

oper at | SR iRy IaREFors B RERdab P oRE& s Pin Y R Bty
harvp§ta®e&r frohi Sradlvafidquendf sig@paci t ors may reduce cost and

circuit footprint In sone enbodinents. In one

enbodi ment, a battery may be used to supply power for

t hg dynaiqi r roughout this

speC|f|cat|on tofCBﬁngﬁﬁgﬁﬁhéﬂt" or "an enbodi nment"

mean t hatrvastpayrfovweu f@m the aidio &cquincysigualaysingrdiodes in a first

characteristic described in connection with the
modgiiWldi ment is included in at |east one inplenentation

enconpaggagd ﬂd@vé@ hﬁlh?%stgﬁ fhe tirdt W&féttb Qﬁcrafgrbldﬁi  transistors to

appear ances of the phrase "one enbodinent”™ or "in an
dynamicaltyi eemtst pawer fnon thegesd dnithya sebed niodg. t o t he sane

enbodi nent. Furthernore, the particular features,

structures, or characteristics may be instituted in

ot Ber suiht @Mtlﬁ)df IEMO efudindaRotibRgRafdltafd@Ibler circuit

enbodi ment illustrated and all such fornms may be
includiepipdesswedh pireHelpwitshediransipiordf t he present

application. Wiile the present invention has been

described with respect to a limted nunber of

enodi mmht snetliddaste i3 inelhding dohoking suitd Istvitalxpr temisBtoes using

nunmer ous nodi fications and variations therefrom It is
out-phphaseeigndlhat t he appended cl ai ms cover all such

nodi fications and variations as fall within the true

spirit and scope of this present invention.\Wat is

cl &i med Ths methodAfroilmcdinclodpigi contrglling pad atahsigtors using out-of-

phas RIS 50 KA B P ABEURA SRRy ai o 1 r equency
signal. 2. The nethod of claim 1 conprising:
6. The method of claim 5 including using one of a phase locked loop or a
delay locked loop to generate said out-of-phase signals.
7. The method of claim 3 including using a voltage doubler circuit including

capacitors, and using the same capacitors in the first and second modes.

8. The method of claim 2 including setting said transistors into a high

impedance state during said first mode.

9. The method of claim 8 including dynamically switching said transistors in

said second mode.

10.  The method of claim 2 including monitoring the power developed during

said first mode and when a predetermined power level is developed, switching to said
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harvesting power fromthe radi o frequency signal using
diodes in a first node; and using the power harvested
WO noosloesshiir st node to operate said transi stor SPCDUS2007/084173
dynam cal ly harvest power fromthe signal during a
second node. 3. The nethod of claim 2 including
secorA@Ydadi ng a vol tage doubler circuit including diodes
with parallel switched transistors. 4. The nethod of
claim3 including controlling said swtched
transi stors_ usin ut -pf - phase signals. 5.. The. met hod
of 107 a i i R PRl S0 B o i B8y
identSitfipnout - of phase signals derived fromthe radio
frequency signal. 6. The method of claimb5 including
usi ng one of a phase |ocked | oop or a delay |ocked

298 SRR o R B

serigsichbankcted inedrtedld. ng capacitors, and using the sane
capacitors in the first and second nodes. 8. The
nmet hod of claim 2 including setting said transistors
into a high inpedance state during said first node. 9.
The met hod of claim8 including dynam cally sw tching
said transistors in said second node. 10. The net hod
of claim2 including nonitoring the power devel oped
during said first node and when a predetern ned power

| evel i %ﬁ@ibeﬂr&fh%ﬂey P dr&RRGdLciRAItdsBpARHghDde. 11,
The nmethod of claim2 including harvesting power for
radi o f regliegredoubliestredit;cati on. 12. The net hod of

claimb5_j.ncl ydin ner at.j ng, t.he out - aof ~phase, si gnal.s
by seri 8%18 g8ﬁaﬁ%ec élgFelr ﬁl\}‘cel%lt i lsu.dlng a pair oc?ff dl&bes and a pglr of
capacitors; and

a transistor coupled in parallel to each of said diodes.

14. The circuit of claim 13 including generating the out-of-phase signals by

series connected inverters.

15. The circuit of claim 13 including at least two cascaded voltage doubler

circuits.

16. The circuit of claim 13 to operate statically in a first mode using said

diodes and dynamically using said transistors in a second mode.

17.  The circuit of claim 16 including a device to switch the circuit between

static and dynamic modes.

18. The circuit of claim 17 wherein said device to initially operates said circuit

in a static mode and then switches said circuit to a dynamic mode.

19. The circuit of claim 18 wherein said device operates said circuit in said



13. A radio frequency power harvesting circuit
conprising: a voltage doubler circuit; said voltage
waolowBloags4Ti rcuit i ncluding a pair of di odes anPCHUPZN0T/084173
of capacitors; and a transistor coupled in parallel to
each of said diodes. 14. The circuit of claim13
statit Rfdd @hﬁgsugﬁél@ﬂtg}o!w%g hid®eRUbvQbpdaNadperaledn@iSi®Yin said
series connected inverters. 15. The circuit of claim
dynapgicinmsicua¢lnding saif ¢assistoo cascaded vol t age doubl er
circuits. 16. The circuit of claim 13 to operate
statically in a first node using said diodes and
dynam cght yirtsit oclsiai I tncRkdgigSde@ti®ping oat-5£pk3d s1vRA. from a
17. The circuit of claim16 including a device to
receiyighl gedio figueicy sighel bet ween static and dynani c nodes.
18. The circuit of claim17 wherein said device to
initially operates said circuit in a static node and
then switches said circuit to a dynam c node. 19. The
circuit of claim18 wherein said device operates said
circuit in saidstatic node until sufficient power has
been devel oped to operate the device in said dynam c
node including said transistors. 20. The circuit of
clai m 19 includi ng devel opi ng out - of - phase signal s
froma received radi o frequency signal.



