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transfer between the source and load. Traditional systems typically regulate the output
by virtue of their static design principles, which results in consistent, regulated power
transfer. Without proper design, traditional power transfer circuits are not well suited

for many system applications.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The following description includes discussion of figures having

illustrations given by way of example of implementations of embodiments of the
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| east one inplenentation of the invention. Thus,
phrases such as "in one enbodinent” or "in an
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[0014] FIG. 11 illustrates two examples of a saw tooth wave and a switching
control signal according to some embodiments.

[0015] FIGS. 12 and 13 are each a block diagram illustrating power slope
detection circuitry according to some embodiments.

[0016] FIG. 14 is a block diagram illustrating an example of an integrator circuit
that may be used in some embodiments.

[0017] FIG. 15 illustrates various connectors for connecting a power source and a

load to a power extractor and/or a circuit board according to some embodiments.



sonme enbodi nents. [0020] FIG 18 illustrates an

exanpl e of power transfer circuitry of FIG 8. [0021]
WO-R@B%097591 - 22 each illustrate an exanpl e of pPEEDS2008/001592

transfer circuitry according to sonme enbodi nents.

[0022] FIG 23 illustrates a battery where the
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[0023] FIG 24 illustrates conparison circuitry that
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enbodi nments. [0030] FIG 32 illustrates a side view of
a®mAp tSed circuit including a photovoltaic power

S a r :

R o e 2P o PR R 2o R xpactor, and
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38026] ustFl&t @7 ilhestratdsdwo glitengst atterclopdd copoeesed to an output node

BV Sl TS UBRRL o 2 2015, ouree

| [0029] r at B 2B ahd b ilgistrtapsvaRioud a¥Rils 6K pwérddxsravlor Becording to
each power extractor coupled to a power source

abBe gmpgdimensone enbodi nents. [0036] FIG 40
' [ddi% rat ez BEWRLs ﬁgraj)%w&%xéggo} (!O%IBFCW et & An'eQ)? Tnore
enpodadl nent's.

according to sone
batteries and a load according to some embodiments.

[0029] FIG. 31 illustrates a parallel configuration of batteries and power
extractors coupled to a load according to some embodiments.

[0030] FIG. 32 illustrates a side view of a integrated circuit including a
photovoltaic power source and a power extractor according to some embodiments.
[0031] FIG. 33 illustrates a top view of the integrated circuit of FIG. 32.
[0032] FIG. 34 illustrates a group of the integrated circuits of FIG. 32 in an array.
[0033] FIGS. 35 - 37 each illustrate a group of PV cells or panels with
corresponding power extractors according to some embodiments.

[0034] FIG. 38 illustrates parallel groups of serial power extractors with each
group coupled to a power source according to some embodiments.

[0035] FIG. 39 illustrates parallel groups of power extractors with each power
extractor coupled to a power source according to some embodiments.
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[0037] FIGS. 4 1 and 42 illustrate a power extractor

used in a device according to sonme enbodi nents. [0038]
wWO-R@s/0%B39i | | ustrates a systemw th a power extPEDUS2008/001592

coupl ed between a regenerative generator and a battery

according to sonme enbodi nents. [0039] FIG 44
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power "extract because it oper at es in a way to
oB?‘ﬁ?rrFxltrrBFth an a loa according to some embodiments.
[0046] FIG. 51 illustrates a system with multiple power sources, a power
extractor, and multiple AC loads according to some embodiments.
[0047] Descriptions of certain details and implementations follow, including a
description of the figures, which may depict some or all of the embodiments described
below, as well as discussing other potential embodiments or implementations of the
inventive concepts presented herein. An overview of embodiments of the invention is

provided below, followed by a more detailed description with reference to the

drawings.



power from a power source than typically would be
obt ai ned by the source wi thout the operation. In
we@x@spdms1 provided in this disclosure, the poweeT/US2008/001592

extractor operates to obtain inpedance matchi ng
bet ween the power source and the conbination of the
power extractor and the | oad, and between the | oad and
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aﬁ@&&ﬁ&ﬁg&gpeous power slope. Wen the detected power
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3%%3 1s(<fet&‘ted J:o%txgﬁ{)usly through digital circuitry. In some embodiments, the

detected power change includes a power slope, such as an instantaneous power slope.
When the detected power change is zero at a true power maximum (not merely a local
zero change), the power transferred is at a magnitude (level or amount) that the power
source provides a maximum power given conditions beyond the control of the power
extractor. In some embodiments, maximum available power is typically very closely

5



photovoltaic cells or |arger nunber of cells may
provide nore power). If the power extractor's
WO pedersee i s such that power is extracted at POIES2088/001592
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Wer ‘source
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44, and 46. Power units 52, 54, and 56 form a power

al0053b| y BE. 24llpwiates asystembingluding Baver seercanid dhand 36 coupled

t tU ﬁo%ver extractors 42, 44, and 46, respectively. Power source 32 and power extractor
42 form a power unit 52 and may be physically separated as shown in FIG. 2 and
adjacent as shown in other figures. Likewise, power sources 34 and 36 form power
units 54 and 56. The output of power extractors 42, 44, and 46 are joined at a node N2
and cumulatively provide power to node N2. Load 64 is also joined to node N2. Load
64 may include a single load or sub-loads such as a battery (or batteries), an inverter
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power units or nmerely two power units. A load line 62
is illustrated. Unidirectional protection devices
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PWEr ét'mﬁgéﬁﬁa@e ERERBe b BB weRRNAN O SHrIREE B ini&ihfm wet available

oser to perfect (or optimal) I npedance matchi ng an
s givenicaeditiohsbryosd ihre comirol efithe powpeekiractoribis widarstrad the power

e B aed e BUT R B g BRSO oaP CoHg! o the power
C extedcdr. I EaBREmRn®S] et MbLidiim w&iragleqw& id zﬁ)proached very
nﬁgdance mat chi ng conpared to what it would
we

bt Thepoveasreiragtor miap be ispiddosesk towipetate in a way to cause the

power source to provide a maximum available power. Approaching perfect
impedance matching or maximum power does not mean constantly moving closer and
closer to perfect matching or maximum power. Sometimes, changes in the input
impedance cause the impedance matching to be closer to perfect (or optimal)
impedance matching and sometimes changes in the input impedance (or changes in
the power source impedance) cause the impedance to be further from perfect
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appr oachi ng maxi mum power. [0055] In a protection node
(called a second node herein), power extractor 42
wop@sarmsli to protect itself and/or | oad 64 andP@r/US2008/001592
source 32. The protective node may be entered into in
response to a limting condition. Exanples of limting

caatthingd Bt (Vefal Ethe R6BtrNdodPLiiREEa sipAMfRAnt ifpré+Hiiedn in infhedance
the first node, power extractor, or second node; too

| Metching compgies] topihes it weild ba ritheut the contsollppptLikentise, with
p r . econd node; and a device limting
c%%ﬁﬁg}ﬁ%sﬁ%&éﬂéﬁg&ér{bodi ments, power extractor 42

dEsst s dnlaypré@Btordinot® eSifled b Bedond dnsdvtbgih), Posvet Extractor 42
determ ne whether to enter a protection node. There

neReTHEs termptachitsall anddudoad @t anboressonse e The peotediiyg megrle may be
t f. el e ... A
G LR 0009 G0 kA8 TR s e
peruessi sl tage Csuveet| oraduintent iietlie fiest Abd € pofed extédttor] vdecond

achj eve maxi num power. This may be the case, for
eReppfao little Vgﬁégep BOWET, b cyrEent i the fistnade, pqwaexipgor, or second

e ELG; . r

O afd 8 Hobikinthe, sor AR 1S BUORRAY p&fer oxpractor 42
ndetests dhlyasncheNd thesd linriting desiuctionsub detersainet whahérdadnted a
through a node, N2 and load.lipe 62. For conveni ence, of

i PiOREIPR IS, T SSeiaiogel Bl Ay Beamprehas one
OMBE loR BRIy 3BEGHN NincR8 dnderorb AR Wk ft%ﬂm?ﬁoﬂéhiamhoh@ For

may be considered as being at the boundary of power
estample,an atizastioue nmateepolversseesic@onsgervaioBInaBbamdrd aportant that

Load 64 h [ i Z3. .P t t 42 .
R BuET PR Tais RSl RF R o SERTp ealTdh DY sgree s a
e thy Suhis o PFIN4lIEhi ng circuitry control

P
siq%ga to control sw tching ci rcuitr¥ 78. Sw tching
cl0086] t r yPoreer gptnciond? ingludes pewen trangter icabtiyry J@rafifdG. 3 between

SR PROIED hRTBER: AL b PR o

Olihp62. Hopehasnienco bf ARiStratis powBaaaRStdr 32 RO ¥R wrRdEpartially
detected, power analysis circuitry 74 responds by

By ePPing nodes Vil nd §12 Elogreverynpgdesdy b ped Ngmayipe edisidgred as
Chéifillhi fn¥ b ndéi’bﬁ@&%&gex‘?ﬂa&%i’ 43 Mot E§te”6§%’cu§:li8;? of FRSS. 8 dhd 15.
a manner that seekS to nmaxim z€ energy transter
eLbadt64hasyart inpotigipeddrmee Z3x Ropkeextehangl igeladdsippaee agylysis
O B e DS BSOS S s
o L i ol 78 P il g oAbt partially
f congrol ihepeaeativn dfipoMeransferRomeitrye k2. Pasteo ex iR tdrak? includes an

| P PR et o SEpeginos A 235 WoeR Shetggs i power are
s g&redteld, FoeR aRAysid BitcuifiP 99 26:p8ndSb P &5 Bstihy tROWBInS QUE. Cluty

32 when | ooking at the power
cycle) of switching circuitry 78. Switching circuitry 78 may also react in a manner

that seeks to maximize energy transfer efficiency through, for example, changing a
frequency of switching of switching circuitry 78.
[0057] FIGS. 4 and 5 illustrate the impedance matching characteristics of power
extractor 42 of FIG. 3. In FIG. 4, power source 32 has impedance Z1, called a first
impedance in FIG. 4. Power extractor 42 has input impedance Z2 while load 64 has
the impedance Z3. In FIG. 4, the combination of Z2 and Z3 is called a second
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extractor 42 is equal to its own inpedance. In other
wor ds, power extractor 42 dynam cally nmatches the

w0 ppedersee of power source 32 (i.e., ZI = Z2 +pZBYSH08/001592
that the first and second i npedances equal each other.
[0058] FIG 5 illustrates that the inpedance as seen

binpedascebFhedinpedaokas@en by pOWer scixéd I when Bdking adkiseOpower

equal to its own jnpedance, In FIG 5, the first

i Pegtondd is equal tauitgiown impedaace dn pther Mol AAVEr Bitragiond?
AT fatn e bEB8EO L IRIIRES2 (Be 21 772PE 23T 0 that

merst%tlrsamrﬁnm@Edaaica@e@lmm amhaﬂhéry mat ches the
edance of the load (i.e = ZI + Z2*) so that

581 r stFlGnd ilbestiateg th%’é@éﬁﬁf‘é‘éﬂ@raé spen nlaad 6@‘%% looking at

dﬁf‘%er AptiFDEE RS, QuaE I o b Btfte, HPFIG. 4. 0B A Infpedance
| 8 Zteagiul 2d(tkd outhutdmpd@andev€ pb wpeeances 4(2¥2nd*th23§:coﬁhﬁ

seen by the power source and (Zl + Z2*) as seen by the
| waRredaBse ip&3; ket sess ontpul }mmﬁiapcq a %ﬂ%\@%r extrapioo 2. Thus,

! Bow Qs AR 420Bpd o grt%ghmﬁﬁsﬁgﬁ{atmwe ifpRAAR E%Z}]h ofEEIES 23 = 21

nce Wer source
wh@Rhigso thatitheGistcad seanel mtpeédtﬂces e mpatlerd. Gln‘adn thatvthe impedance

so rce 32 can ovi de. oad 4 c recei ve r
Vi GXEacten i&ﬁmﬁé\w didt er%é% 5532 D dgmdaeg g?l ﬁlﬁr the
ﬁﬁﬂ%ﬁaﬁ& i %Ye%sﬁrte& ai Rk NZ'rﬁféq wizzh g@n by the power
e 32 ut

out’put 1 npedance of power sour does not
nepeesand (41 435%12) ascetralre thetlead)mtap bt thqngd(aﬁass/mml dimpedances.

he 1 [ dan | oad 64.
FlloBol, o Tn S8 ePoR RS ol DoweL aptastos HRctecs f ffpecance
PRWERH veim p&wérourte 3P8depds di Wh@h&eR1 6P8&SicbE Ve all the power
protection node) in which it does not seek to have its

| thatipowensetraede aanpeovidg-tihload &4 san mwlwemdalmesowce 32 can

p r, SQUIC 2 Y ek to tch QuL P
e ith v erBdon BT e IS breRlC e g he

Géutpﬁnrﬂlﬁdaidée)f@&%f botirod 3B Bue dbdsalok Yec¥seily Yeehtahave its output

source 32 can provide, t hen power extractor 42 may

stepedanceragichwith the panut inﬁp@fhiaﬁ%@f lead 6 Hiaad Wéﬁ‘f%‘(ﬁ less than
f
ng@gﬁﬁfﬁq %t2h0%8\f@ v1?9 Yhé&f AR J:tf) %%)H’lég %BllhtmelﬂQ@&G)OSSIbly a

e inpu ance o
epitmmﬂutlrm mickle) frowhich eo«ldamboseel%% haye iopapatienpdddrfoe menth with the
edance matching at the_ o ut node (node. N2 in FIG

nﬁ&avna@ degpe @ﬁWﬁme%% gy seekrte %%}ﬁlh ig puiput impedance
t Q'%ttﬂ@fnglﬁl{ hnde! (ﬁl & SAUIP'S)%H Bl &an ?ec@i\feceﬂhét gﬁ(?r é%tl@lly

circuit separated by a no In power sfer
ccxactlytwlyat Surcd mwamoekieoﬂlen power ¢xgragr 4 dnzfyasenhyo have its

ol aisn  SUCRLIRG AL SL ot st Todl 3o 20

Lgﬁ}%éigﬂ%dzﬁaﬂliﬁt\ﬁf}%e tisgpuit B p&dHnBaIbf loAY 64 ARRh @ fenfddBhents, power
extractor 42 may operate different. Impedance matching at the output node (node N2
in FIG. 3) may occur when power extractors are connected together.
[0060] FIG. 6 illustrates a circuit 82 and a circuit 86 separated by a node N3 in
power transfer circuitry 72. Impedances of circuits 82 and 86 may be coadjutive
(rendering mutual aid) and are modulated so that the aggregate impedance of power
extractor 42 and load 64 is matched to the output impedance of power source 32. In

some embodiments and situations, the aggregate impedance of power source 32 and
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some enbodi nents and situations, the aggregate

i npedance of power source 32 andpower extractor 42 is
woredosigrdot o t he i nput i npedance of | oad 64. PORET/USR08/001592

continuously transferred from power source 32 through

circuit 82. The duty cycle of Sl is dynamcally

aphwistiekrattor 4RI thattiddetottheinput invRldahdesTdedares. Patwehisng
to the power source 32. Once the inpedances are

neanéinueusly wansfervrs fremipozer senree 3rthsowaly citwil&e Thodpty cycle of
?ﬁ; ns] rg%llljclzahyggjutstseﬁlt% @acfwgtﬂte tﬁ.ﬁ g(lﬁltai elzlﬁ}?é/e rhgt%fﬁ% % {h%ﬂ)ower

| $tudcd m@n@é thesimiPRudane eft mérehed, ite: pdmdaﬁmecbﬁom power source
circuit 86 is matched with the inpedance of |oad 64

A
chhismerximizsd. ikewirel pewer ip somtinughely yansferrd fiom FEUA6 to load
2%(’)131 a&xﬁc{ﬁglpgf C]goQ{'] dI‘H g ln(tS%ff d 64 1§ % IHIZ%& en th 1mCPedance of

i's par I npl €nmen

Wit duits8H ik wedtched SvitH thie nﬁbedleﬁlce ofitgad I6l4eA doyitreMiobgp 10 igeludes
control circuitry 80. Povver c ange analysis circuitry
7RO AR bySIS CHEHeS' 4 Fndsiich Pt 80 dB Selzlegmbodlments

n |

QoMo S BRI ?‘%S&é%ﬁn%v?‘a?%?%u??%@f?gﬁ i€eontrollpd by

f owitehtmgdngrol titeuithy 8). PywérachahgSinabysisasrcudry Mdaaﬂe changes in
power as descri bed eI OoW. Eﬁo FIG 7 IHUE

PR OTR HRYET IGULGHs ?e?t node erﬂﬁogaﬂwg%}fwr ﬁWftﬁ%epg control

n@ﬁ‘a@t‘f'y 46. %ﬂ&ﬁg’&%ﬂ"@ﬁ&h% @b%oﬁ{rolfs her bi‘éfﬁﬁl%' the duﬂyrbycle of S1

7, power transfer circuitry 72 includes a circui't
8810 tﬂetpmnascmowrasdﬁzn‘mdjbﬂw Wi th node N3 betvveen

o064, T a5, i S e R B O REbieE v G ohfiurstion it may

SHé L16ediin ok eRMb i entLo @B invehtiSNTh FIG S7, Powrh tramder diftuitry 72
sonme enbodi nents, the duty cycle of the swi t chi ng

singhues e sirgyit 84 bethgen mr@ntsé%?cﬁndt&ée withtnpde )\ ketween ¢iecuits 82
:&m{ §£51P(9nos’de%3|3et(v%er§ I'CUIPS r86e %??hl"? c%ﬁt’r cu%um{y 80

ching signalrs to <are St eneionar

| proevidesa sofitchiagRigial(eyto cbﬁtrslmmtcﬂaebsd hfid B2 Sin sbﬂﬁremhm;ments,
be additional switches. Circuits 82, 84, and 86 nay be
cBralut sxede phihe ayﬁelagg siemaktos Inig dha invege ai}th@ﬂuf)t%@ie afjthe

ag\gltéﬁng Qgg% th %9 ﬁl &Idll’?lyltg Ctﬁé &9it&aR El%l'uéls (t)? S1 and S2 are

circultry such t e aggregat e 1 npeda
powattionxliy acttioverddd crfmdc}i mtadr Gxﬂsasme embsdinteats) tHepelinay be

[ d f t
| Eha e B Botaruitot &8 51 sthaey bréra Bl e aingranegs and are
”ﬁfognﬁ&dtﬂiﬁs\%wﬂ% S| HR@9anngerthe Lot 6f sww,}ﬁﬂg E&ﬁrol circuitry 80

i npedance “of power source 32 Is matched wth
c surdhi thattthe mggr&gq@@ impedance efgioorer £2tragior 42zl lead 66 nragahies the

72 i s, abl tract max ower from r s

S Gutol Srpsfianel ot e R A R i ol el e St o er source
agg wb@&@;dexﬁ%tbagz niEIRS thedinpht idipedinde@f NWhdvd4 Wt the
interrupting the flow of power fromcircuit 82 to

cimpedanced, pomr source 83 inmaished with the eqrabinptigreefapnyeet eytractor 42
f Qﬁ:d 10a£1 %51 citdURY %gler{g %1]5(9 gna\%rglnm po%r ?r%m power source 32.

[0062] In some embodiments, circuit 84 transfers accumulated voltage potential
from N3 to N4 without interrupting the flow of power from circuit 82 to circuit 86.
Circuit 86 adapts its output impedance to facilitate impedance matching with load 64.
The duty cycle of S2 is dynamically adjusted to cause the impedance matching
between circuit 86 and load 64. Thus, circuit 86 is able to transfer maximum power
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The duty cycle of S2 is dynamcally adjusted to cause

t he i npedance nmatching between circuit 86 and | oad 64.
wabws/09msprcuit 86 is able to transfer naxi num pORES1008/@01592

| oad 64. While circuit 86 is transferring power to

| oad 64, circuit 82 continues to match its inpedance

Wintd1dab B41 Ve BNEERIt 86 iPRNRferHAY P6Resid 184d 6Wicirguii B2 icHhtiues to
power to be transferred from power source 32 t hrough

catehijits 18medamp avithr the &rgpedapeg Phprversouise 33 powngmaximum

n |
R AT R L L S (P
t behtiivked éHSIS&rﬂI 83 arefaltSnasdlyl ofehed agd cRed @ddoﬁﬂn@}b the duty cycle
swi tching control circuitry 80 which receives the

s the svghiag sienal Irs PR PmMppdmeptwiie sehigh gtatesnd|Sjind S2 are

CEifoleh Yy SiRARE 1!?01‘({‘% PO Rich T ARVE b EUPARAR Control
bsignal frone powbﬁflgtegahnay@i éiecitdy 14 badedn the dleanlgbs musdwer
as node I NSi power extractor 42. [0063] FIG,K 8

i PY%@P‘F:%‘ TN éét@marlgelmﬁ Paper rhange delgcter camhea power change at a
t
- PaPE e fian Bbac NFRucafiithe s B BOULPRARITRS, e
c63k artdlGy Siikustiatesidetaily tirat arermbhndezmmm emllsmiments of FIGS. 5
det ect { h
T LRI T T —
CERngh bifal s Cﬁé‘llltl’? Wq ifGuddsi JoGidk ERar3é d@ﬁgn&flcﬁ g@ and other

transtorner TI (1 hcluding inductors LI and
t clagwstry simaevn ifﬂotherrﬁgtuch ﬁgwenuamf@*rcsrcuar)ammw)ies c1rcu1ts 82, 84,

SeERRGirg R ahd SRR skl 17 el Pes g Ly
L4nd EMH&Q mq&d&hﬁ%ﬁhﬂh&@rstpz !nmjw @lirchit 8b hﬁ&&!&l@ capac1tors

conduct or 60 of node an interface connector
afd aad §8cndN node Nk separating ¢l and Ghanbeanoected & méyctbes I3 and

AP ERBLEE et O Rkt gy conloy SRR, an

r ﬁitaffacwbunml 110, &I{uemnédeayl Teys dieexafipid, @6ARdtd?190 may be a
node. O herw se, t he may be considered nore than one

nBle reqepiacis (See dlpe FlGiod: mzhe impsdpraetdifference betwgempydeconnector
N?lO Iaﬂg lILPlt*girl gél%tlivcé ﬁ%m qﬁem ﬁlayé)eﬁ?ﬁﬁgf%%gﬁ?ﬂgde Otherwise,

i nduct or et ween o
ctiepgeaydst @nsideredahsore uhdn ghedhodie L dladwdisawiibwede lean@mnector

of . po * and prowdsasvmtchln ntrol_.
ﬂbﬁ&%ﬁ&ﬁgﬁgﬁdﬂ@%ﬁor &4 13 betyigen p Branddihan deffpctor L2 is
Chétaiebd h¥dBN4 b Ro®E enbodi ments, power change
detection circuitry 94 detects a sl ope of the power

c tedk aerwm;chb@eatdtéoadn poesitryHaistecthet povérahange of power at

Pt dad el iee BiviebinedpRRe (e R Snpdit i S one frput of
pe&ﬁparﬁoﬁ Rerclii$ryd0. INSIERBEAHRNROPS erharss defe&@foh%ircumy 94

i nput of conparison circuitry 106 receives a waveform
sdethcta g skope oftheoprsiwerghangefandmay be called power slope detection circuitry

94 and provide a power slope indication signal (as shown in FIG. 8). In some
embodiments, the power slope is an instantaneous power slope. Another input of
comparison circuitry 106 receives a waveform such as a saw tooth wave from
waveform generator circuit 102. Comparison circuitry 106 controls a duty cycle of
switches S1 and S2. In some embodiments, S1 and S2 are not both open or both
closed at the same time (with the possible exception of brief transitions when they are
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wavef orm generator circuit 102. Conparison circuitry
106 controls a duty cycle of swwtches SI and S2. In
wa@ oowe/0g1shodi nents, S| and S2 are not bot h openpP@r/UkIN$001592

closed at the sane tine (wWth the possible exception
of brief transitions when they areswitching). Waveform
gemedhad g)l Walve forintgeh Brdt ot RekcGi® M2 ah & &dinFariseH ictrEvitry A0 6 ake
exanples of circuitry in switching control circuitry
gexanfiered| cirgnisty igiswitshingsoato! drcatdty Yhagnetic fiel ds
c [ il .ect i c_pqtential ..
ABREE Whin ST sl el B E RS Sl B R T Pvhite he
seldetedtadid posentinbadrbd3ul EehECR 64 dl @Rt dneddyl fYorh o®ver bource 32 is
and T2, while electrostatically in C and C2. Wen S
opystibuted elegtrogagnetirally patofdgand: T2 whilgelgctrostatigally ink and C2.
d : t P Iy £

oA pet L0 o e Rk P T T bR S R hus, the
saregitoteddn Aneftgys theough N3 ®cdapacitors Ct ah? €12cb fasrcoit G4,
and C2, and sgne of the energy intqg T2 of circuit 86
t fenostine foms &@%@rsmm %?c%@&tatlvﬁgldr @Yp Gl andiG3;and some of

T, [ I: I j .
TR B TR R A SR BB L YL bl i
afj2ialsp bepms hadevetase, tdnsterting dherpe gite thetload 64 theausgh N2. When S1

ile t magneti ¢ fJux T2 al so jncreases as it .
ﬁ@ﬂgﬁﬁea%edwgnmgaemék%wal?%@a& incl lebrginsytoapereasgayehile the
PRa¥hQittuk B3 A6 thPddses & it Bbufrds sdlle Bf BloIYrostaRE ‘é‘lqergy that
in Circuit 84 i1s discharged and transferred to T2 and

| wasip@xiouSlyEstd MitotCl mich€2. Emmsragyretyrséored ar ciomtti4nis slischarged
t wo, or r sed,in s to produce a resultant flux
i?f‘datr?fﬁ_ itgq?&“g l%?q‘ﬁg‘i/al ent to the angul ar bisector
0f006BE | MAUfSphdsbieh& gy HanSeHtnbheLoST RbrePhasdadhputs o
known to be the |ocus of points equidistant fromthe

t Do dueg s reshlant flux he ¢ magmens peretehvivalegt to. the prgul4ribisector of the

e [ Cof ot .power extract. capagci faons. G cand
PR Tk ool PR of S Sl RS bGentog s
apqidietint RomlthRe 828 436 @ial f-Vihéy) if6reniAg thel anghdh Th2hislegabadiinent of
L4 respectively). Thus, nulti-phased inputs are

athsIPoBET eHrachy, eapagiiors (C Iand{pgarpysedripeshafl theephias obthe current
t i [ : t i
¢ L@E f?é&)éh@fi’)st e E%H&%’K%ﬁlﬁfnrg dt q‘leJnﬂ?Z: @gﬁ%‘fd\ﬁ Ifegé&ﬁlvlejl%). Thus,

sent during the Increase an tion
I multivphdsed igfuty are mpplped toethy covesdf Tiz)and 173 ATtk dudnrmitéon of the

result is the neutralization (wthin the bandw dth of
tﬂ)@ﬂw}@feawpaﬁéﬂelﬂﬁﬂs&iféﬁew&f/e tree S dpEpe Hio ingiease and

i aitet e giicteno 8t ‘
Rt TS DA R L PHE R he

s pentadizatinh (vothdn thedpedwidtklof theCiperatibng fBRuency @hepgwer
oS} B ROREEY S RSH b AR B P apecanc
| tHaBEIFAGR 82iahB 86idkAIbit to8He sdRESAA 1PMEres BlydrRit$82 and 86

_ gedtih
properties of circuit 82, power source 32 "sees" an
may be multiphase bisector energy transfer circuits to cause the multiphase bisector

energy transfer and to interface with circuit 84.

[0067] Due to the dynamic properties of circuit 82, power source 32 "sees" an
equivalent impedance at inductor L1 power extractor 42. Likewise, with inductor L2
and load 64. The input and output impedances of power extractor 42 are adjusted by
controlling the duty cycle of S1 and S2. Optimal matching of impedances to the
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equi val ent i npedance at inductor LI power extractor
42. Likewi se, with inductor L2 and | oad 64. The i nput
wa@easoeutsput | npedances of power extractor 42 aP@I/US2008/001592
adj usted by controlling the duty cycle of SI and S2.
Optimal matching of inpedances to thepower source 32
OFEWErSsoNAR B 2RSSR R MBI MRNT pAsdrl eRftadtiodNfrdrh €hddPOWRT source is
source i s achieved. [0068] Power sl ope detection
c@@é‘t}ieﬂry 94, power change indication signal, and

RBRL P RO Ol B o,

t GorApdtisoM €irtBikly MG aROP&T ofxX torafl I6Up that. d@ntrolaﬁ’ﬁ&hty c9dle of
from power source 32. The control [oop may al so

c @\mt%ng EiRRUIEY &aﬂ@emr@wm@ypwermrﬂ@mw@ee APAY £79) from

7 f
o N8 LR S 6L 0 engy o
ex\am:lh@g citdutr{ newmmynmme bﬁidléhcfyhff pbﬁBQ@a&ferlﬂ&u@Hﬂle power

to 250 KHz. dependi n]g on saturation limts of
i Ha%ﬁ&w@ult%??@ewre Y133 apteampientisdreauancy, meybe in the range of 100

! KEAHE NS) KB N8in WRLAR A tokiclb! hAEABE. HARBYS! fbther

her aspects o the 1 nductors an assocl
cembsdiaredtspthedrequengiesaay be substantially diffecérit oTlee smenadnle)ther
chosen t variqQus criterion including a desi
pBYRSFTS of desipdieraiian #ssocafad coresng othes gompapenth e hes capacitors

SPACKe coders R Red maﬁgwaﬂkﬁon Ideﬁldﬁﬂgew@sw g}a@er &&Sfer ability,

changed by changi ng the frequency of veformfrom
vvaﬁﬁefanpm adravnidabde spaccdm somtcembo@tmetts fthegfrcwnsyloam tze changed

of ,circuit 1 ome .enbodi nent s e . .
Pebfifhaie 6 FisSitencaiot Bie ivIBE RERTAYASo Béncilor cirouit 102
f @'ﬂiﬁr'ﬁ%ﬁ @fsh¥hatdatroPsf @Reulti 102, I s%ﬁme‘@‘m%d'irh&ﬁﬁ thé frequency is
between a m ni mum and nmaxi num current in a energy

t eemelled byiareontrol loppes g]fumélowé avhethee pmon-ties xwtqf current is

c wi ching circuitr is t erat
R R Rt B¢ i ol et of e B
dg069ry cl &s asedHerdiRhSAnty. cydleafduttghiay eireui U?|8Cis Y ratlo of the

defi ned fﬁ%lra different ratio associated wt and/ or
SQn'ltlﬁleoQ todhe intal paritmge ofRkand /2 (i) duly éxclgf %@HSZ» The

%%?ﬁl%?coﬁfadoé (féfi'i%e@ 6%% cﬁ‘ﬂ@r%ﬂprlratlg O'i:ﬁ?edg\yttléf S?%ﬁ!i/gr 5% in other

ere I's zero power transfer
exmbamhmnt%Whem tBonE taped oﬂpm&ﬁsaurdeBthnd lwanl dclazge eqodl and the

p wer source 32 and |oad 64 are different, a higher or
Wé(rcyal&tl§/g@%ﬁ@fﬁfﬁf@d{@@ff@ﬂaﬁbm&mFéﬁraq%?rr%@wome

per‘ﬁﬁ{)dlﬁi@hfsaﬁttﬁé viifagel Bf B&\b&r soWe% and 1684 64 &léld?ffergﬁ{t ¥ higher or

cycl e of svth|ngC|rC|try7 is not tied

plower dutyaeyctl mey tauwse zoro mwnnmttansﬂer {hoowsh nowmn smactor 42. In other
th h t ansf r C rc r not ed

¢ Reo nepiian JoOaSAet Seiibing sty Hos oot uelarpariatar

S WirécHone abfotht O powed tdhsfePthréudiower n%.nsféf‘@irclﬂﬁ'y g2n

be continuously updated. Using analog circuits i's one

wiB070b peds aoted.dhappwenchange canche eomtianenslipdete¢tedjand the
Ug\!vﬂgugé %&tﬁ)l signal (of FIGS. 7, 8, and 11) can be continuously updated. Using

analog circuits is one way to perform continuous detection and updating. Using digital
circuits (such as a processor) is another way to perform continuous detection and
switching control signal updating. Even though the updating from some digital
circuits may in some sense not be exactly continuous, it may be considered
continuous when for all practical purposes it produces the same result as truly
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circuits (such as a processor) is another way to

perform conti nuous detection and switching contro
wae@nad7sapdat i ng. Even though the updating fr oPCBUS®08/001592

digital circuits may in sone sense not be exactly

conti nuous, it may be consi dered conti nuous when for

atdntinnagd pdatin@ K Pase&niple, i@ GpiEag b theSMTRhEIohtroPsignal is

trul ycontinuous updating. As an exanple, the updating

oflse pensidgrede¢nntigueushe the ifigaugncy of gﬁweébﬂ%fﬁldé ithegicontrol loop

cNt4 u n eafr 2NC f i ut si t he

BRI By R e RHRRE 81 e sSANBRNE chindl Sl figh gfta be

t fsnsidatddoddintifuaBivtiedl the frgg@dncilos oha@y lidhwhRinahe soites] ®dndwidth.

conti nuous when the frequency of change is within the

cMerelpps paerampleHn spmesmplementatioas,dhe fentrol foopdraadwidth may be

[ [ t I ' -

LRGSR AR RGNS s Ry 0

bHapatiddephaps nhichhéghek ean 890Hzn stld dthee éxIﬁB@@irrmdst;‘I%he control

30, 0t o S e

dﬁﬂgﬂg% j ' ntati on and

perforﬁg%%g&wggfggﬁﬁ%ﬁg&nIﬂgtﬁggo Hz. [0071] FIG 9

[ E(]OG!;I r atld&. amlémmtqslaa eahmapletofp tgpicaloutreatrvoltage ( B¥9 curve and a
- curve. ny power, source

oo A SN R RoAE Ch; N, BONEE, SO S22 consan

ColirFéa bt difeflint {S1E42E. H&Ié@G,%hediﬁ}éﬁxﬁige rehleis %I(I@rtain threshold in

vol tage reaches a certain threshold in these power
sthgscpayertsharces) theetrrdne egins toodrdp gpicklyi. Tke yhreshiodd voltage

threshol d vol.tage corr s to knee region in.t

| SRrRQETYE O SRS LR DB Ry S e PR apSger point () also
CEIFRpHRIAS thekric@edibe th h8IiWwBuhve. the |-V curve.

[0072] FIG 10 is a table illustrating operationa

c97abt s Hlor 1pismetablodlipstratiog operationdregnerpts for pawenendractor 42
e [ ts.. EX le (1 h rrow (1 Fl

SFRBFUAER Varcus AR ofigtebl. EXART, 1 (B0RRES by 1D & Fic. o, shows
| that @hen pewert dhd voeg@irebdtidcrdasiag, thlep&aiss psint 6&E power

is on the left side of Pnax. When_operatin% on the

| @ftractqr o theppl sideof B mpy Whea orewting o8 thrslehgider tfiimat joo much
POYWER 4 .
DR RGOl A RONGbr £PHbAGroer it 32 ppd, pogordingly,
npowensousce 32| is proyidingss firanrm maxigruns swilable pdwel lem power

maxi nmu qﬁailable pomgr i s the npst anmount of pomeg

t MRS tul e FRAEHMAYBHARYP PR CRINIG BoREATReHNt OBRRH ¢ tBpfscould be
afchi Qe iven@nirbhRBStaPEHAR Dk R8d Gt E&Idiﬁ’(g sﬁ)%%ﬁ(}]the control of
extractor 42. In order to reduce current IIo 7 the
dpewergxttaetonf2.dniorddrito geduoe turnént dioms the duty ¢gcle of switching

d d.. This i I he. ith e I dn..
WFTT SPUD (39 UFSRSL NS (HEm BESEE BHCVBISG i dich
barrbw {Brsheasithd whel o et andlSitage Afe HOLE Re&rehdiRs) théB e also too
| ess than a maxi num avail abl e power from power source

3muclogwvent sad Jess fiaars mpemum aypilshlettoaver figm pewefeource 32.
OEEHI?@%SJ&’&%IQ%' 0%%1‘21({1%% o%rIﬁIe I‘l@lt) sidé 8foP,,I,a,I Eethal%ples (3) and (4)), too little

current is being drawn by the power extractor and less than a maximum available

power from power source 32. Thus, in order to increase the current flow, the duty
cycle of switching control circuitry 89 is increased. FIGS. 9 and 10 illustrate a

specification implementation under particular conditions. Other implementations may
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current is being drawn by the power extractor and |ess

than a maxi nrum avai |l abl e power from power source 32.
w(abews/ 0975 or der to increase the current flow, PEEUSDS001592

cycle of switching control circuitry 89 is increased.

FIGS. 9 and 10 illustrate a specification

| opdr@aRiffethtBnandiees1ve additiobalaact68N 4 diffesent hpRmentation, the

i mpl enent ati ons mayoperate differently and invol ve

a@mmtéwddbpamrgass by deereaing tealyty ¢¥ehs-enent ati on, the

’7?1“ [ 8%‘#%1]% %%ﬁé{ﬁﬁlg %gé:g, al:? the p%%\ig? %Sét g’gnag{k%f glljér%th of time, then

i fhe@bw@ffaxxd V6ltaga id aéigieh imteabingor kuﬁéasiﬂgefopﬂmlengﬂﬂof time.
voltage is neither increasing nor decreasing for that

| BaeArAIngtY, theduty axdle mayirgmpin the saraeily sege eabegimentsyihacontrol
t t
| 148p B m AR T P BB Sioed BEp B B PRl migium slope)
(thacBlnota muaumxsthmqjovtdﬂ dtom Belﬁginterptetethammmm(imm so the
frombeing i C%ler preted as_ a power maxi num so. the_ dut
cShety €y¢le inpet changrdePne appchanizm A themaiugalneaseihat i tend to cause
t I

PR M M leich Pl AR R D chiline, AQBther mechaniom i

nmtllﬁlaraillynndm:edt contfoldoay flyctiatitin ehhmmSﬁmoimﬂ)lempntatlons may result
atlon in_sone inplenentati.ons esult . .
s But R cf&@@ng RERGH H@Tlg\?l%?mawa&.f et e iﬁﬁ%ﬁe circuitry

oghot“usr;ﬁ) é}fan%é‘lﬁlﬂﬁ,&é%(&.lvgﬁa% rcuitry shows no change in

power or voltage. [0074] Power slope detection
c [(1066] t r yPver slopatdetectiome ciseuitry B wrpates the switchigmedntioh signal in
respons o the.sit ' El 0, FIG 11
| FRSRRGR b s b 98Pl e atustitesdis S soagrisen pirguitry 106
S¥brhpdtedthe GHHChA ? coh@IRdi gl Withtthe s Vb MabefoBi T1RS Mty cycle of

The duty cycle of switching control circuitry 78
chutejurg acylttorla elrgwitry 76fchah&esga\¢hq aea of thavewdpethevavigabove the

ARS8 SRRSO TR oy bl oo

sthgnalitchihgsosBirbkdigial ssrhallee filoth tlmettﬂtotm&ﬁnfﬂ‘dﬁmlfder’fﬁto t;. The
Uto t2. The snaller area above the switching control

sPPaler aresrgbeyp Hieaavitching qopliel signgl porgsnoads tpralogier dpiyrcycle. The
2%1??%&2%8% bli)gg g&%ﬁmﬂ%&%f §1g+al %bglﬁaJoEr%gﬁgnq to a higher duty
euﬁﬂ)ﬂlnmhémmmdhnmbt"ﬂ@e&)ltagewﬁ \ahahd 6 W1 ansed fergutmoses of

p oses of |IIustrat|o e ti.ng
Aﬂ[!fi@%‘i‘}dym PRt e P%é’htl% Oaﬁf 8 O%H\Péfsof’%f waveforms
( {tFihR818) sne, %icr)eooflﬁfl‘fe ﬁseﬁ‘?HGgﬁcPSfﬁl%%Qw'tB offlidie, of the

sawt oot h wave and 13 illustrate

ek07h] es WIGSHddend 48 @lqhe;tna@t exampbes ofippwer slope éetectttmutcucuitry 94
nﬁé be $sed4n sorre d ms\n%ﬁ_l of the i vent h

T F@aé{ & Wt o RE o™ elﬁ‘b‘f“é‘ﬁﬁ "trﬁére %ﬁ‘i‘é’“&f’t er ways

StoMmMpEméMIES sRMSor shﬂmlEll ﬁnctl@ns th EI4."12N4 chRéit lr'l'iéa@ﬁhn circuit
circuit 128 includes voltage neasuring circuitry 1

i i2@inghides yoltrprencashong cidatey: 1 39 nternaliainomer slope detectlon
n@@&U{r}e, 94 tt(? %e&&lrésatgs v%ftgg Sascr&ssarg%all 581§t|0§ hg at ﬁ% (or at another

location) to determine the current (I = V/R). Although a small resistor Rs is shown,

there are various other ways to measure current including through measuring a
magnetic field. The voltage-level signal from N1 (i.e., VN1) (or at another location)
and the current-level signal from N1 (i.e., IN1) (or at another location) are continuous
signals. (In other embodiments, the voltage is deduced indirectly.) Multiplier 134

15



| ocation) to determne the current (I = WR). Although

a small resistor Rs is shown, there are various other
woRNs/09B9Neasure current including through nmeaBCF/USPO&001592

magnetic field. The voltage-level signal fromN

(i.e., VN) (or at another |ocation) and the

Cedntianbusdl e uriltislieg tied vdliagiaMl cirrerft at Nil tb Hetefhin@tthe power at N1

anot her | ocation) are continuous signals. (In other

rmsnts the voltage is deduced indirectly.)

Nﬂiro:ﬂg 1f%? ﬁi%éﬁ?&?;@%e{%&i&a‘i lr&sﬁ) n 1Uﬂ Vc?%kﬁ%em%gq'er (AP)
[ Qﬁﬂﬁbrdﬁbisbe t mpnoatdus a]s@lapfe@ydn{iﬁd: ta chargeain V@lﬁd@@ aVY.€n some

to changes in S ile processor 13 rovi des
ae@b%menﬁseélﬁfsr@t@@rt 86 @W&ﬁg@%themowr slage 4&&5’ repgsents the

(s POV TBRL(P) S FAREIOANBE, MRIMEAIARS i Micyed when

NAP(AN =tth é“hetslmpe of degiowan ) or iveeclynpuowep eherige) sarabddetedtined in
when DP/DV = 0. The sl ope of the power (or nerely
pYREauS e’f?é(ﬁgE)e ROYYFTISIOPG AN bR Hetstaptapegus oy ehalpre detgnined

p
DAL AR FRAE A0ciAStTh PSRl oy hpnes o
pbtwécteetbd) _ﬂmomgh drgital| q{rcaltpcsmeh as h angessoaby bem;lemm $aamples. The

thro h digital CIrCUI ch as a processor b .
BiogPr (P e sGales hed BESar e dutapecomadrremgineshange

aﬁldvcﬂ@g@ Edpa%lt%gé L13ps). mfénﬁaueel I BRRPREsRE cSE’lﬁriﬁ@relyrHetermme
voltage (or a voltage sl ope). ternatively, th

pwhetbesibe powet ¢ ineesiing olrecﬂ@rfmsmg ande'tlweher thmcmmndurg voltage

Lgﬁ{rlgrg%su?gor eé:}'eé'lglilgg sg?neaeégdllz \gg ?\té dlhﬁl‘@gﬁor f T36Me merely growdes
e RAGhITedY & the Rafnfv@ﬂr eiahpetpdiwet Sﬁpeﬁaﬁﬂl i1 oﬂ[e@\éhf%ﬁm@ents it provides
magni t ude of t ower change (power slope) and

obotbre rapgivdieend 3 dlrr:@thyw 501 ersanpietthe ﬂomgmom}dé) mriHCa 9is
Sb(lgszt‘f%é ﬁrqlreg{%n ﬁ/ﬁg [;e % \Bﬁ 11? gf) Ehe%?fv@tm gl{rzctlon ({és&'te having

rve | |reC|on ope a

(2pimitar egaitude in direction despite haV| ng a sim | ar
rra nitude. [0077] Power s|ope detection circuitry

7dles Reover slppedsiestion elé%%y Panduges yoltage Mge dﬁp@wn

ey R RaPR Rty bo b LERYr, SPRIRARH bhekid g hrani
a(A81Q) corf athen dealtiyngCiasuitty 382 amgydlsol perfoamescaling as discussed. In

enbodi CIrCUItr 94 detects e .of voI age
PG SR TIoR o bR 08 SRS A oPesit oAb age and iiher

eghpsdifRAEsS and in JTREIMbIAGhERE St %Fetlﬁﬁéte&g‘ Y hé@lel 88 olt8ge is

i ncreasi ng’ or decreasing. It may detect the change

t Incoragingan db@gamg di xgay detecti the ghangg thriongls amadog or digital circuitry.
epbodi nent s,. onl re n_ (i

RO T <ER (e 1 BiemBghingdefof the voltage
Refl@igk idW@lcvam. RefePrifig &zaif to EMRMD eRarhplk (1mod>1w@§axaﬁ1creasmg
increasing volta &ﬂ (positive) whi | e exanpl e (2)

i MolsAgpdBosati v avhalesixampleo(2) inyolyes agigeicesing vaitags (negative). Thus,
in example (2) of FIG. 10, when differentiator 136 indicates a decrease in power,
voltage change detection circuitry 132 indicates a decrease in voltage. When there is a
decrease in voltage, controlled inverter 138 inverts the negative output of
differentiator 136, which results in a positive number corresponding to the positive
power slope at point (2). Thus, by combining the results of differentiator 136 and
voltage change detection circuitry 132, power slope detection circuitry 94 can
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in exanple (2) of FIG 10, when differentiator 136
i ndi cates a decrease in power, voltage change
wa@ledsneison circuitry 132 indicates a decrease PCI/US2008/001592
vol tage. When there is a decrease in voltage,
controlled inverter 138 inverts the negative output of

diéteehias Whathef toliabreatdhdrCdecteasehieTuirenta AB@Rbwh HEFIGI MO When the
corresponding to the positive gower sl ope at paint

( pgwerniepe is positi vertsxamplest( 0% the duty eyale ef svitdhingyircuitry
it
o PO M SRR AR B LBhEch (D BV s
| eyolenrsSfcresised eElrs‘bﬁfbeenﬁlhﬁhmHmt& ane ouvﬁ&t 6%1\{&011&1 fiverterliB8 is
when t he power sl O{Je is positive (texanpl es (1) and

(s9jed byrescalar yarmplifier Aok) 140 wishytethe signekip azgoper range to be
d
BRSSO DO G W imens,

eab odégrated 344 iy beudspdito adt as andw phiscfilter e smeothlodd otherwise
scal, cLby a scalar (amplifier Al) 140, which puts the
sTaPHat"d8% proper range to be conpared with the

rm haywe,
TP aonE WAl e i chibl Lot sigh i3 Wendent on the
| steepr@ssof the peweasidpcsmndfurm of povbrechahge andjn dther embodiments,

B GRics erRd ah ahoee bpirot G Rpmodel

PRYREr SIrPR Gt rﬁEreW%E‘ﬁGnd@ fo BAVGEd Qm%d Q:[hqeﬁtrl:hgﬁ 'to move
enbodi ment's, theé changes are i ncrenent al

etdyculd ﬂmmaxlrrmm pcmwcm wlmdutchmg awire mﬁ&émleraathp mrmum power on a

curve, s.to ted volta

e Tt ISt AsRRBOR R SRlp T hA o S ENd took k. Tn
%&epe&hb@(ﬁhféatsawlﬁtrpm%s&@r E:l'ﬂ&nﬁ“ﬁé\hdﬂ&‘p?@c\!@&rquz% FIG. 25
curve. | ndeed, IS not necessary to know what the

pmnéﬁIS@moy@rwemed | ook |ike hi ot her embodi ments,
ICdeIQPE 'Y gs%mgeﬁn%ola?merﬁ e tn A r gbo}%% ?ﬁg@re (‘E’}%Pernt) an% the

SR pEwer e Ul

e odraehl Moy may Hofnd thp Yituftiofl 11,m1V ﬂirteﬁ&ﬁoﬂhe iductor$ fnefiwer transfer
and the control |oop may define the saturation limt

f SirCWly 2o qther Wéﬁ»éh%ﬁ%uqaﬁ% bt ofi qaghy of the ipdyctars may be
7 h of
e bpLe B AL Rl Bl ©

0088t t orFlautipshows Howwhmog‘ds tng v itapgLoan by de{e@l@& Bl ahhlog detection
13. sho es.in volta e can be detected b

aﬁ‘é‘F‘BEYWé ég Lees E%Pegmt@mrt 75) 18 r@)odnar-mﬁ e?@ﬁtlvlﬁflar an external
eténtert RerRBFB46 BRPHEARN the aﬁﬂﬂl‘rﬁ bOARtNY beifif f@rrr&f‘ﬂ)y the power

current sensor 146 can neasure the anount o? current
bexu@:tqrrmdsbmmdcmthahmemnea powct shopeadatection circuitry 94.

CRPRRIEF 5% i PF PP 30 roBReer, ASICE, A5 R g0 fgicd on

aviriaERDaonéRcfudin bt Fﬁ@Ah&@@d ke $REtheINconditidddSand charge level of
conditions including but not Iimted to weat her

cthedpad @r&, batisay)char ge | evel of
[0081] FIG. 14 illustrates an example of the optional integrator 144 of FIGS. 12

and 13. Integrator 144 may be included in some embodiments of power slope

detection circuitry 94 to dampen the switching control signal from power slope

detection circuitry 94. Integrator 144 includes a resistor R1 at the input of an op amp

152 and a resistor R2 in parallel with a capacitor C. Charge stored in the capacitor is

"bled off" by resistor R2. The bleeding off of charge by resistor R2 causes the output
17



the load (e.g., battery). [0081] FIG 14 illustrates

an exanple of the optional integrator 144 of FIGS. 12
w@e@sA®591 nt egrat or 144 may be included i n sonBCT/US2008/001592

enbodi nents of power slope detection circuitry 94 to

dampen the switching control signal from power slope

def infdgrA6r P44 toWelloWeSdher tifdeatiahRling4ad 1@:@&10@&&0&1 power slope
resistor R at the input of an op anp 152 and

r éespeiiopreimpitiy). Hhis sadused wntpht rsdwpal@q mpacti. ecldan@ens) of

Thefitng Gt SERR B DubZovslF Feflchink bl B o
o[gose} of TH&@Qiéaffaﬂbus'IAtﬁeﬁ Waﬁecoldbwm tHesWitchingReohtalsi .

i nput (as received from power slope detection
cExaaples includerioing albihe apalysis pue prasessor Othpieexammdes; involve

(o HRTERRkgRln BULLSHISRIA kS8 #b08es
Vednrﬁbﬁorotvhﬁ IFI@IaX/& A phazbilackedtibep PMLY)eldyise Wedtd dbtect on and off
| es i nclude doing all the anal(?/sns in a

pP@@% g%wtch@s frd and 4 rbhig gnfommw%h%p@@r eddo thegprocessor
PP Ll Bl LS B Rscd TS AL 1R s may

| bopsedRh cpnmmtioh evithedtrollingehedity@pcland off ti mes of

. SW es Sl d S2. This informatiaon could be provided
mfﬁﬂ Fﬁ&égaho‘weaﬁr 9th§@% hé%r ht%orl dl&al%rang 124) for
V@éﬂlﬁb’@ﬂé)wwp&ssgﬁrce-g%g heRFod t%l p"\‘)"v@eg RS & e{@yorbaemrcult board

used in ctonnection wth controlling the duty cycle.
[ 0883 shem@. Cirsug hoard 1S6\meayabe marim&lsmgrléS( cnrmx badrd 156 and

6, .11 122, and nnect source 3

PR Sy be Fohaideedarichie CRMRS mghiiind. 1 breRil.f s1and alone
bB@)f %Iie?ﬁatﬁz%l}s RRvat b(grﬂ G995 Loll@eln 4 26ndiier Qféctrﬁni%s device (e.g.,
housi ng 158. Grcuit board 156 and housi ng 158 may be

i pelbplgingepersgriabdsta essistantrE DiAgL Pkl meompwer enxdirphichaase the

ternpative rcuit b
o B o Bl inBBoteOn B Ao sine bict fth b kY gh®F o
phnplemepRiis M As ddairibed Helow, AR bornEAplemehtalieng thOpGWraburce
card in which case the load coul d be integrated in the

heridd ke infegrated | withythe hquging Jf therspnpecter hasia substantially different
SR 54 B B SR A AP B OB e g 2y 1
wedrhbd tumstietesli separatefnodbe 1€ thereahatorias aaelatibat dinde impedance

P 5 A Sl e

C frvB4fler egs§p %F@\k? tlﬁPg Ritcuit i H@l%ﬁ&?f)ergéén Bower source 32

relatively little I npe ancet ant surroun
neatbsodet Mk m sdmee einbddiments. RiKildg sbaws Itteat a@lnmiedléaemin bdeeéncluded

. 0084 FI G t hat t 160 b
" REFisghEoNE: bt omerND s SmPoditreRBue N i n soms
e[us8) "ENtI%. 1B réprodulces M\ﬁé}fﬁan@feﬁ'bl?&ﬁtr}@i’lﬂ@m R convenience

i ncl uded between power source 32 and I n sone
epbeninparispr with alternative power transfer 01rcu1try illustrated in FIGS. 19-22. The

values of the resistors, capacitors and inductors (such as R1, R2 C1, C2, C3, C4, L1,

L2, L3, L4, LS, and L6) are not necessarily the same in FIGS. 18-22.

[0086] FIG. 23 illustrates a battery 164 of which the positive end of the battery is

connected to ground. N2 represents the node at the output of power extractor 42. In

some embodiments, a battery 164 is connected to N2 such that the negative end of

battery 164 is tied to N2 and the positive end is tied to ground. Referring to FIGS. 7
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[0085] FIG 18 reproduces the power transfer circuitry
of FIG 8 for conveni ence of conparison with

w@bkdoenympi ve power transfer circuitry ill ustrapedus1nos/ 001592
FI GS. 19-22. The values of the resistors, capacitors
and inductors (such as R, R d, C, C3, 4, LI, L2,
Lahd 8,%ne k&asoR fishdv@)th@aaripRineAe6EBIEARB iy tHaf) €n S&HE enBodiments,
FI GS. 18-22. [0086; FIG 23 illustrates a battery 164
othewmltegestah M4madiNg haveappogite piaritingt Ferraxample ifrthe volsage at N3
t . ts,:th f t t _of .
SR Y ol VIR SRRt TS el YN T Bt Ppbadigrents,

| Bateey DELEBchd onhectedl elicht thatthé pesifiegédd iy ¢ieé BsiNAfand the negative
battery 164 is tied to N2 and the positive end is tied
t endgjs igd & gRundFurhgr.iia spmegmbpdiments, thenoltage a4 aad N3 are not

h ngenent of FIG 23 is that, in sone
e%;%aﬁé‘%ﬁgeé‘

I'ments, the voltages at N4 and N3 have opposite

P[I087] t | EIG. Boilliskawphle exarthplelod combhag ddcultd, thetmi4be used in
are VN3 apd VM, respectively, VN3 may be -VN4. In |
otates erahesiarens of she pxertiany Copwpansen HEUBH Kt ey Fircuitry

U A 49,098 8 LU RO

t haltage r¢farpacatV.MlincordeiNd regwdatedhe dyp ogcle of thel smatghmg circuitry.
FI (i Ll ust I f. ari son .

CJURRY ¢ yPTon 38 isaigelBeto G 8 o SaibennadicRan ety luding a

| PR6BEbPRSIERRPBF 81ahrEikhmiidble/ ga]tﬁ Qng}a(F PREA R, (hereinafter

circuitry used to conpare power change indication
sprynedso9B/2)) schling cisdwirg e @imgnbienfars 484, 186y and bjfe Processor

Mref) in.ord t | ate the dut
of FEHERERS et lptePrgt PE I SrisT s e e weakes Yolighe B} fode N1,
t DetleréA £d B Wow BEdédBSnsAskivEdrofRtent bdnSst18Y ahd BEdhd Brocessor
al: rocessor/ ASlI C/ and/ or field progranmabl e gate array
( %GN}

_ ) same enhedigents; peacepond é3 8lse gathets, informptienyand/or provides
CLdnetdl {or %b%lz?gds fﬁ%rrteer%%-f' %%ﬁgll[ysﬂll%gand}o? %the‘r%l Ichadt 23 of load 64. The

Processor recéives signal’s icative o

S@Uiehtl infumiftivh caf bekkseéd fSindiehfeagéeh Bifordgtion Mk the dak) k@bant, and
A and B show connections between current sensors 184
affdicieney ahpowerdranstesr Onerreasqq toggther ghit bpmeatios is for processor

0 . _ . ) .
O S ey
athe/oodinatytuperdting dndide-(Sudf asl the fir dnod€p dn aprotection mode, there are

i nformat.ion can be ysed to indi.gate such i nfornmatian
aXariays CHREEPrOSeiSen /2 %ﬁlp(foetefnre‘fléﬁﬂy RO SHERten S igad 64. One
%@idﬁ@%&%éx&ﬁ?&h@. Ardditier LK (@b Iogéh h SwitO SRERAGS ggﬁe. 26.

to determne whether to be in the protection np
( Soctheneptidnds seponilerbie) signalith ecabingiciraniyrydyérvelticins combined

node uc s.the first node).. In.a protectjon npde,
s it dbobiet Rlge® Biitation Siehablo S ehie 1§ pfRRig contro
PSigNdl &8 doR@uAleed. FoX bXanple)if Ak Kiks digedll cBdkes BREvARIME tontrol
is to open switch S3. Another option is to open a

stz tio Ba verydugh,ithe gutw cyols woukd bebaw episingrthe sumrent to be small.
Pzﬁéé loe%}aﬁgg io?EO\%L:Igilﬂa{he bpoth?i%LliIH&iecéa;l%léité E:gm%lz:?el)%}ilu‘% r(])ff the
power or merely to reduce the power. In the protection mode, the goal is no longer to
maximize the power transferred. In some embodiments, the bias signal is asserted for
purposes other than merely protection mode.
[0089] FIG. 26 illustrates a processor control line to control a switch, S4, which
can be opened to shut off any power transfer from power extractor 42 to a load (e.g.,
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incircuitry 178 with a power slope indication signal

to create the switching control signal on conductor
wOnosegs9exanpl e, if the bias signal causes theCT/US2008/001592

switching control signal to be very high, the duty

cycle woul d be | ow causing the current to be small.

Tinwett@P4l Btbaasryd4-padroriother Ieadddos e BtdcessoMP TR als@ Bomtfols the
to conpletely shut off the power or nmerely to reduce

t Fating @E powerrpetween i fferat Flﬂhl%ﬂ@ 8-t inEergs -1, dattery 64-2, or
985 8094 BAE b RO rLARISES Eoberkfraifn 1001, 12

o3 hunid 19BeBareBh@Vly apbeihg conrmatedad dnffeir&&&&ddsFBﬁéedZﬁ the
i|lustrates a processor control line to contraol a
stEnReFRtursAe. gm%wuefahe%b theRIReesserragicauseovitchif taowen or close
t

BIa&ﬁér?{ﬁefe {egma{% cl t%é Pﬁ&éé@%&% ) ijort cH)emnIg swdtch S3.
6Ee\8¢r exfractoed2 oan dﬁeﬁ‘atalns a pmtecttrx@l Boddigasedoii amgdefice limiting

power . between differenf sub-Ioads ( i nverter
eaonfltl%%e(émyleé gt devigg gz comgsipng Ancg'adq e more of the

ef’é@l%%ﬁ@ r&éessﬁg 5%5165&H§ oe\/n‘@ &rbaﬁ%?msﬁ I 1 <X \l,gt%aél:or 42,

192- 3,7 and el ng connecte
dartcf/@rlémThewdmy bB@ﬁmd device hmlmnegmmdmomemep@ver extractor may

ovend (et of Prieial SETchey afclits B aeches gt Retapdies Bfighen 2
t BRmkABush Qi@lﬂaﬁf m@ﬁ’l%ﬂ*)rig déféhﬁﬁlié 1ot chPaPci@?énsﬁ&t thathey be

42 can operate in a protective node based on any
deorisilsrdd lmdepudglg:\@hv:j ¢ritoenteExoplpestedivedredece |imiting

SR Vi 27 NG RABuS RER b dfpdioht 1A 6412,

PeMRiected td 86thef ndHe NBPEA @lvithiz. SSTUEISQ:oHﬁgurQﬁo@Hhﬁfrates the
device limting conditions. The power extractor na

s@@@@oqaﬂa dlexibality of powst extragior $iin yaseussuRtpdigents. FGIVZH both the
Stcie 944 g)%%l Pd%qﬁ‘@%ﬁaﬁcgr alf&g gﬁﬁg& 1¥st1(c owe?%ﬁé%ctor 42

menor rmne aracteril S’t

nwoblencaolysaddptrsedthmwkemcﬂpmgldw powertotthe Rad elh dtidravatds, the
protectjve node. [0090] FIG 27 illustrates two
dPYEPRY fROVSA £XE35)0n 4214 Powsn=thejoutpyt voltage and the putpwt eiyrent that

t P(rrﬁgr:lé%%he EQ\?EreA}? nBYfiged ‘g"lhte ?)ngulséo taEta larid %Q%fui gtk Ialgt%matlcally

rate unction XI b|
exdapat:d the l@‘bZl withuatr redusng thequbivree, rih$the(awmds lpoWbr &lteactor 42 may

sour ce- Sj nd oad |de ance mat chin .
PR aE s apepdRaL of Fiuiegs iy UE ORUAAY GRS iy pyyegulated, with

ag@@(geﬁtgnt&%é}g@gcamngdgw des power to the load. In
ot her words, the output of power extractor 42 is power

- [009&] out b‘gnt exapiple ge seme embedimengtsy power gxéractor HAtmight extract 60

A5 o LR e e PRl U FPery o

w2 11higdt1 2nesitBattedy, ithéh PV exractof 42 iyt fpﬁl&vld@ §\VEHf current at 12
extractor 42 may operate independent of any voltage

TNaYs tq ﬂ@rgﬂﬁlp tattergw battery Gde2-uns eyiicheddel or wv@nped%@r' a 15 Volt
eﬁgt?e% 5/9 . ? hérﬁ?o»%r%&?r%top ) Wﬁ‘ij il provide 60 Watts of power to charge

the battery in the form of 4 A of current at 15 Volts. While this example illustrates the
adaptability/flexibility of power extractor 42, it should be noted that the output
voltage from power extractor 42 may need to be slightly higher than the battery

voltage in order to cause current to flow into the battery.
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[0091] For exanple, in sone enbodi nents, power

extractor 42 m ght extract 60 Watts of power from
WEowendsour ce 32 to be transferred to battery RGBUS2008/601592

battery 64- 2-1 is a 12 Volt battery, then power

extractor 42 mght provide 5 A of current at 12 Volts

t[@092jar gdn ticaboat trdriiple) dndiatsbeie ot edbddinSensd)itheciamer

to or swap Bed for a 15 Volt battery 64-2-2, then power
e@?‘tt’iaﬁ'@lf deedhack paint mey be based on putmih Powet tansferpiier thay

iQ6n tQR ﬁ£1¥: thd'tde ﬁaé( oM vak feflo fouﬁHft (lgl%geao chitent.
VRl dna ety whic o fesith b

USt

a@ﬂmaﬂnbbdhmehfslcmerm&hffeyemty power extractor 42, it
shoul d be not ed that the output voltage from power

B00P3Lt o Flp 28 Hipskates fyrthep detaliof pewgr ¢strpstor 42 1Rgepreing to other

b, I
oGkt CRaGYsfhPhe PR AR PAIRGBL SRR ihdelt BB Grren
othhrerghesieten®has] S2,hvehiplowersumnhedaiatsamniee edbabdqumh@t be related

may. be based on qut put po ansf er rather t ha
tttoaﬂﬂ? RYSSREA cuatrat B R 408 eﬂ%m&@ pevided .t%arbg%%awr 206

o0 40y MRS £ £ SERRSBEL oy i

f 2112 dmelr angjglifedd| byodmpldver 21 ¢ XY oltagewhard® (ac oltafiersippiep may be
ot her, e odleggnts Current sensors 222 and 224 provide

STUered; asnentionedaiver he current through switches S
a9, VGCH9 AMRLAEVERade te MBI 2 205hd B‘B"Wﬁlcﬂ?e)ke%regulated

related to the average current from sumrer 202. These
megitage frpnopowerntxtractan 42 andgravidsra gelated yoltogé akenceded (e.g., to

| d
R P0G kPR FRG 5vifin P h PG or 2h 5 hesBromiaied pastprig provided
afReizilaek 231 throMel 4 aaRfehaRTR (Ruckoed L8aRd 8 Gpsma) diBBY D1. The

be considered as nentioned above. [0094] FI

i prggulptgd pewenistagededipuegelatos 236 zhramh Qgensfnm Ti4(jeductors
uﬂ??ﬂ&'h@%‘%&’l {i e from power extractor 42 and

ovid regu d vol tage as needed (e.g., to power
VE0PSUs daviekSacbdii4D map bamsedinttradsiefing@gwer Fhgn one or more
unregulate is.provided to regul ator 232 through

2DatieRs 267 et I %elwmekmwgnwdwtf@spam 65 30 iystrates a
[REPLPI RS DOYBing ool 66Hcl 9) EAGHL B BE pR3r extractor 42

atrans or ner (rnductors and
dW(IH é)aﬁﬁ’les[zﬁ @l%s]ouﬁlms that Xl’(erlmttenes with ey ertpo wes add B lhower voltage

ansferrin fromone nore. batterie 272
<alFeili] SRR AT MGty B ATEFIyT OF e er 3pltoec” Given

' ilﬂaﬂﬁ&\fré}le%%aétop@i bREAtED IR 1 Fhardler Bfn ek 'agaﬂéﬂ)fe ﬁ .g., not at
power source. A reason to use power extractor

bsnecdid adixed vohegesanauereni) sind leatputsmoveatin ezrha@yewom needed by

I b d h
o3 e e o Aol BB & P iafreelor 2 i
vieiiBRaind @dyible habltma\&@fetﬁcxﬂ StBértressoftZb]8 Xiti&S therd ¥ee no

proe\é‘.vt?'lrctllorTs Z\éh t?)tvsﬁ/a? iypfeoorf r?01|1rtce Iagd/2¥ ?olald %grll le)e (cc?mgectedqg tpm?&l'ter extractor
42. For example, power extractor 42 can transfer the available power in a 9 Volt
battery to charge a 15 Volt battery. In another example, power extractor 42 can
transfer power from two 5 Volt batteries to a 12 Volt battery. The flexibility and
adaptability of power extractor 42 is in contrast to traditional charge controllers and
other power transfer systems where power transfer from input to output is a byproduct

of output voltage regulation. FIG. 31 illustrates parallel power extractors 42 and 44
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specific or fixed voltage or current) and outputs

power in whatever form needed by the load (e.g., not
w@roog/ospseci fic or fixed voltage or current), pRPEEDS2008/001592

extractor 42 is flexible and adaptable - within safety

or other reasonable Iimts, there are no restrictions

aectivingiver Yioth BitteBppower soleed 276 andi 278 redpectiviiyledti §foviding
to power extractor 42. For exanple, power extractor 42
ceavertaleadd?. t he available power in a 9 Volt battery

t rg : r | .
cfh0B8E 18,32 iNRlrheek Bl oy P Rt cd SEBGE L (RHMThctuding
baphatovaltid powerkdunéel284 aat pewvyr exthetdr|288ifibridated omtela substrate
aggﬁéfbility of power extractor 42 is in contrast to

t

K dnBpwenextigatos 386 may herthe sarae &t orsonsyhat difterent than

t f : . ' .
ISP TGRSR POUEE EADRICL AR DRYD i o

Fdiirce28H8, powearséxtates 2p6r faki ald secomel naebes aad b ohip id2rfacel288.

44y ecei ving po frombatter ower sources_276 and .
2yaere lng)é/a@& 19&(}e %twgﬁta p%Y/Bt\ﬁ)%ﬂ'}éllﬁér \ég@\éq(? sQre . glzlpractlce, the
i[ ﬁ?&ﬁ] cofild®e sHtnewHat 8{{#@&? I%VCIFB ﬁio@@vo‘fﬂgl #OQJCI‘ ‘E‘ﬁurce 284 taking up
P

ntegrated circuit c I nclu g a photovoltaic
mees ordessrservi &Bateativin postewre Likexd s pod86extedstar @86 eduld take up

onto a.,substrate.282 of Power extr.actar 286
oore 8 5, 058 s TonBuRLS 3 FoMsam R T dies (1Y 1C2, .
er@z{ia&mar #HAC1 EJf@lIGg?Bzi BRYS3 Rikédby/d B9k The integrated circuit

i ncludi ng photovoltaic power source 284, power
exay alsp gontagoyarfous Sanctiny cyeeibdn additien émthegpowier pxtractor and the

[ f 2 h di ode. b
BTGB SR0. 2SR EE oY S udFiol BT pF SR yorysmater
csdalel CofiverserpViier @k irh@b 4 mak b oR Gy Rirgdcale) ik ample, in

source 284 taking up nore or less service area than is

shighwower rahpdimenisofilG. 4xmpayibe an exxgeple of perht higle poiyyer

S ' .
B o oyl Lndpr AP o b5 s IR Bopg e
| &kcuitry P4 cfay b2ipatoch saBstastid) @iktdnee droht Asde R9.Gn sbhe embodiments,
i %te% ated circuit may al so, contain _various function
C

taneg i lesaian ope mets, aein e embef ety it igmepre fran one
p r
DA aR@HHE b substaritally b A i B, AREBRVAY, the power slope
pdetectiomxdircattyoand4idwea yrabsfencirauitve may lbarcise sogettesr if tre same
examl e, i.n high.power enbodi ments. FlG,. 40 be . an .
SRR athoudal AP ST bl eciBeARE i QuPliag Ml hed oh various
PRt iAE1ulg HeBdenodb MAParRIUAE paw ePMREe SLERST.
detection circuitry 94 may be up to a Substanti al

d[099Fhce FIGSm3 hotbe and 37 iltustratesdi Hetgotconfigusations or connecting one
distance is |l ess than one neter nd, L, ot her .
MBI exfigctots Ry el HERIoE b Zrabd ) g antiar mgg phgrovoltaic
S{B) svitfded bbdordiBE o Viddus@bodBhéets. Por eRimigle] MEHG. 35BV power
power sl ope detection circuitry and power transfer

chquEeast(e-g-, Aay calls os IPyspanelsg arardirectly coprectaditegetbenamdrie power
°£xt¥h%kb§k 1% P3| fifueh WRAdCREs $50-TRIEL] $1dC0P3 1208 398K and 322-
be ‘used i h vari’ous
2, which may be glues, adhesives, mounting brackets, and/or other connectors in
various embodiments. In FIG. 36, PV sources 1, 2, and 3 and power extractors 1, 2,
and 3 are directly connected while the entire unit is supported by an external frame
320. In FIG. 37, PV sources are connected to each other and to power extractors 1, 2,
and 3 via frame elements 330, 334-1, 334-2, 338-1, 338-2, and 228-3.
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pl aces includi ng between node N and the power change

detector. [0097] FIGS. 35, 36, and 37 illustrate
walrdoBeymat configurati ons for connecting one OPCTDSI08/001592

power extractors (power extractors 1, 2, and 3) to one

or nore photovoltaic (PV) sources according to various

e[toog] MerRIGS. B®an® 39 Mlstratel ﬁnﬁh&orﬁ@ur&%npﬁw&fonﬁ@mg%@mple

(e.g., PV cells or PV panels) are directly connecte

t BYEeTfeprogh and mubinle powst exiraciorsacrordingiodvagious pmbogdjments. For

gg)[‘b\?\lﬁ)ﬁ%,%rlﬁia§ggﬁolwﬁ é’gvger exg%&grs% 1 PE?Q 2P?Eblj.’u i gglileszto increase

€SI'Ves, >nounti n

aneltape fﬂﬁlﬁleboﬁ/@ﬂﬂﬁﬁ?&dﬂﬁ PafalldpbwerSex@rabioes PEIT, PE2Dand PE23 in
FIG 36, PV sources 1, 2, and 3 and power extractors

15erigs v Hhcpoves seurge P8¢ angd Risi 8@6%@%’113@ ip fyeriesovyes source PS3
U e CB@%u?e‘dF%B A&l NrrdR. F{ﬁ gig'l@ lsmglga%,nﬁlt %&81 %dvger Rieactor is

sources are connec

pwfpledemtar;ame@rssurte (PS11atocPE 1y P812 toaIPEI:AeIPSrmm BEB3(®S21 to
1, 334-2 1, 338-2, and 228-3.[0098] FIGS. 38
aﬁE%d’S%ta?ﬁZat@d\}’aﬁweﬁ@éhf. gurations for

e&"or@@]éFi@.%d%h&&zﬁéﬁh??%&m%%tgﬁ%v ng@gnmrg l,,pl, &qwg{e

actors according to vario nment s.
etcamypdigsion-lifies. Gﬁcshnsw&h@m&gmﬁaietdfah:é pogerPhat rﬂay REt’céhsferred

a 13 in series t |nce Y e froma power
g‘&?‘tgg Rgwer gxfragtpss| 1, 30 68 BEepier t ?yﬁﬁaansferred

P%ehﬁe@%feﬁ%cmtBhFWZ §43Uf0€ PS2, and PE31, PE32,
and PE337in series power source PS3 are conbined to

| ﬂlﬂd@&ls e ”Ehcrp(mﬂr exﬁac@pr @he snventivn sray bb usedeimaionpestion with many

TaiefsRh Pings 398 Brsclor Pt TopR0 Ml S Guisithe v e bpyyer
P@a?act&@@8 Fi’§3 %e‘&i@e B5@ 3uch 4sAOPREmAk&E: A4fdcéhhités UEALE S used in this

t he placenent of power extractors I n one or nore
t example by vy qfuﬂrlves;t,rathn onlyu pther tymn%om:tymes mﬁe/ befsimHarly be used

p?n"‘@fle n%;qgini%gntgeP crt{rg e§5§ Qx(ratgat% ea 0 e%(a eg}(/: E)Iobasiterles
t BMﬁfr%%ﬂ fdria lohd3 mceeg;r thi @dcéihzﬂ&tl itﬁelf)f P(ﬁif&xt@&oﬁ 3458 includes

[ 00100] The govver extractor of the invention nay be
u3 BEPCERSOF Sl cariofier wirewtryae)) teideterniag battgryaisagsrand/or battery life

gﬁl\éﬂg\/\grﬁcerfaqger.eﬁéq}?épgxgaf érf"c 30610(1141&1?@1%&@& ﬂﬁo%@?aﬂjaﬁﬁerﬁfa 366.

extractor in a device suc
pBamdmmat iAfqraadomkeadocttdr eechinicians@hther petson caix aend @ntrol

|IIustraé @n only; other types of deV| ces
rrﬁnf Isét@m? PERAE§S0R 460 Eqebias Heqroner exirdsiefi sweh that bastsgy power is
e&ﬂs@ﬁegroﬁ%zgd(tef@% §e\99é’\ﬁ52 éé' d%girgf‘t”fthﬁf %, s ﬁlﬁl%%@ésbﬁ'ﬁy

for power | oad (e.g., the pacemm
| dwabbe to Elee\khe b@kcelryamﬂm theaﬁast iposiey dasragher conservation of power

Dy B e A R B Ot of Pk b e (B Bine witn

Tbgtdr%fc@,ﬁggwah@ﬁ can be communi cat ed through an ant enna
366. Based on that information, a doctor or technician
of00d0REr & 43 nllestnates dhgiuseHtarpsiwer extractor 388 in another device 382,

such as a cell phone. Again, a cell phone is used by way of example and illustration;

other devices may incorporate a power extractor in similar fashion. Power extractor

388 is included in device 382 to extract power from a power source 384. Example

sources of power can include light (including solar) power, heat (e.g., body heat),

energy from motion (e.g., walking, running, general body movement, etc.), wind,

battery, converting infrared to electrical energy, etc. Any electrical power that can be
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information to processor 360 to bias the power

extractor such that battery power is conserved,
wopisnysed, etc. in device 302 as desired. ThaPCT/B5$2008/001592

is not necessarily desirable to use the battery with

t he nost power, but rather conservation of power may

bgeneRital siﬁﬁéwamoarceﬂsa dah 88 ekiraii@l bPpowerextradorBys bed
useful for helf with batteri/ conservation. [00101]

Frasferped; tp lopask 392t te powge derdee 3§2. Rronsarar 38Q maydreotsed gentrol a

oSt A B B iR B iR pole e pr B pfr

ofhBfial dBuple PDWRR Yourds; OF pgirite c@nmyﬁﬁatt%i()t p@cérabhedthe battery
simlar fashion. Power extractor 388 is included in

dgsks low. Ide deyice govlddave awembinatian af pevierrsoyengs.cehuggip some

IR e
nedll lﬂfbn(a ®afiery withoat Agving toyplupdevige 382 lto b@ld&lltidiﬂﬁled‘lmﬁcal

etc. wi nd, battery, converting infrared to
e?‘ékettrlcal energy, etc. Any electrical power that can

r at 0 .
AR08 % ALl YR 20 bR L RIL AR50 i o
pmgemeratem lﬁ&ké@é’lerd?omhmh pEdVidss\pober tspalveraxtractor 418 to
d SI rab g for exa etting the Xi mum power
cliare @ Batisay 41 8 daer Girg %rr MEY RO BELIEF TIP3, pogier out of
éﬂepggmt‘;ogconverse battery power when the battery gets
w. The device could have a conbi nati on of power
smﬂdﬁé]s Fitu 44 11ilustrammraa$fondemmps S120ME2-2£X12- acandr512-4 that

388 b h th |1 full
S PR srboraaat S BF blafaning ot dids e Sref it inflystance
| B3Il G pumﬂﬁhﬁg&%erﬁi&ﬁkﬁﬁﬁgﬁboreysmﬁ 51408, 1502113 Al 514I -4 and E-

anot her exanpl e 43 iTlustrates a vehicle

4mres/\ﬁ t& 15 k&%}eﬂér%tﬁhd el Mep@f@@m printed girowit board (PCB)

49, RQ ract or 8 to
DB, S st R, ERs 7 Tub P pBiSy By ppachsiae of
rTﬁX(blHﬂdSBl]?@M@f padiel, oebtlﬁﬁ pewai .Qihrdh@@hp& 0024 03} bElnfade4# aluminum,
illustrates transforner clips 512-1, 512-2, 512-3, and

549RPaT, o semErRihep hemmatly eonduetive meatesigbiA thgralrhept pasteror other
OSBRSS PR S 006 Syl ysm of

5E¥G.344asdoﬁﬂe4us@damdlaﬁyeﬁ%dﬁﬂ&xtsl 518-2, 518-3, and

518-4 su rted hy.a r|nt d circuit board (PCB)

f éﬁhlpélat 0. 43¢5 %F‘é‘ééE’ XfeRidhat aﬁ%esmﬁél@wcates
MRYthRwat & s 99 4 Qﬁ&lﬁﬁ'ﬁ?e &fmrﬁurﬁ@ét?d'n rﬁsﬂ' Ee i n)glgta(;ne or in

panel’, or other power source. Clips 5
abQﬂﬂdimmiortsoEpanles pf ﬁmrthtamﬂoelnerumﬁemwldrycamndmcaued are

Sl bR TR 5 R3Sk Ll B ASS Sy

t (09185t EFNP U6 illustrates a system with a power source 550 to provide power to a
power extractor switching converter (PESC) 552 which may be the same as power
extractor 42. In addition to controlling PESC functions, a processor (such as a
microprocessor or digital signal processor) in PESC 552 may collect statistical
information about all stages of the power conversion and communicates real time
telemetry, power statistical data, and energy statistical data to a central station and
also receives real time data power control algorithms, administrative information,
sensor management commands, and new software images from the central station.
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FIG 44 is not be used in many enbodi nents. [00104]

FIG 45 is simlar to FIG 2 except that a processor
waShsoorsauni cates with power extractors 42, 44PCHNMN04$5001592

The communi cation may be in just one or in both

directions. Exanples of the data or other information

heérad Bfomiziopr(icl it SrafBR Wit folfoving: Isfatuss ftatistics,

Menory 488 can hold data for future anal ysis. t[900105]

Arawer £gtragtpyeaniigueation, @%t(glﬁb@h Rositipnefystesy infeematim, and

t

Skt gﬁ& %ang&% \Hg%ﬁé%gg E}L }%%»ﬁéssc?r‘g%n‘g%g,g‘%z to a processor

edata catral stéﬂ)n 364 tattiigh ivdfedt o v@1@¢”lésfs<(560)n@nﬁ’ﬁ§ﬁcatlon Processor
funct| ons, a‘{)rocessor (such as a m croprocessor
Y:

and) memeRA88R{ddEs 43 pye examplssof sempragntzof ¢aatel Pstation 564. A
Séd’i‘ﬁxhﬁﬁlc&t?dn @g@%&ﬁ fo QX@H i,e%]el-r&e HLAYER R cdriBuRRUin

conversi on an ni ca teIenE ry, power
Shatvieat the @Irocd:adoa andutitt @nealgyatiinad64s The procdabairt DE@C 552 may

cen tion and al so receives real tinme data power
{"FS Iml%illt 8¢ PiUR A%C V‘é‘éﬁﬁeﬁpgtckl‘é{?’ilt\ﬁ@nﬁoﬁ?’d’f’ﬁ‘&f ptage O‘étQH‘sYPrltage

centra: statw’mﬁ?ﬁere aﬁgg% t|on ?ﬁg%&g?‘r%@&nsors.

oj08166] noV ariowmb aﬂdhﬁoﬁz{lldomponglts staaltblesu,seé hﬁhe abowsillustrated

povver extr ctor c nfl urat.i I ob OSI tioni .
PG aR 2 TR A PR BtE i et b AgrelId with a
progal I‘f*ﬁﬂ: t"ﬁk’e {sowh BE&%§&fhe'dibd:’eﬁ§§>r§§?d Bi‘ﬁsél‘l Brrﬁé?ye%&’ied to

in a central station 564 through wired or wreless
( ﬁtemdeoofmmnm@athnabthereﬁwmsmve*smeamr yrdtage.yTheg8fagmation may

| G .45 I f f l.. st
RSO R € KD gt S 6L ERant PrOP eI IEPREPREL oo for
alate? \@PaghB&icCiaronmtieAtA %ebﬁéy’r’ﬁ@cﬂbé hesePieO bSO thRstab®r and
central station 564. The processor in PESC 552 may

i thelleate | nput | i ne side DC vol tage and current

@bs 0 r]§ IR% ic’hb%gﬁn%}g %H‘E:ul\{&l Suf95s ?ﬁl%rrﬁg&%lg)?ép%?w?ei may be

sensin

Sugtd tBﬁ:(ﬁpﬂlS@h&t ﬁ[oﬂﬁfhe@bwéaéxtmworaﬂdlcteawpdwamﬂﬁtent S
u}é be used in the above-illustrated corrponents For

8, In sprpsembodimenss thepPWFTaBeY hgeliyerqs ia disgrete packets.
SFF;OSle)be l?'l’g. 3;?’1 d).ls'ﬁ%fés a égrstlk{ﬁewn%}yﬁﬁ%ﬁ le gb@@psog?&@l"asgo&&e

bi ase dto provid
i etoacroaf amimthiple lohdy zeccmahngebotxeami em;otchmemmSystem 600 provides a

vol taq The infaor t| on na gi%l nedi at e us 1
pBEREEAL U C5§ SPRIFFHOLPRY Bt a0GE S, FBVGF CFACHELPI04S 3p example

USfa B&K'erl éi&x%&tog h@&)?&ﬁ% & aﬁj‘ér%é‘ﬁ%h‘e%es&ﬁé&%ré’[ﬁﬁl%ré thay be
be in series between The extractor and the | oad.

[ G0l @Tthotlerpostameow Rl 2761t equpbsidrto wowey extrastor3 0aNote that

R R e R AR S B

:j?%rg?gt&e@gggglgggm&rfaw euaﬁmrlatrwplleehaﬁipwﬁd\e& sblirces to power
extractor 630. In some embodiments, interface circuit 622 is different from interface
circuit 624. However, they may be the same.
[00110] Power sources 612-614 may be any type of DC power source (referred to
as a power source or an energy source). Examples of DC power sources that may be
used in accordance with embodiments of the invention include, but are not limited to,
photovoltaic cells or panels, a battery or batteries, and sources that derive power

through wind, water (e.g., hydro-electric), tidal forces, heat (e.g., thermal couple),
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[00109] FIG 47 illustrates a systemwith nultiple

power sources, a power extractor, and nultiple |oads
wa@ewsnelisng t o sone enbodi nents. System 600 pr oRCTIES2088/001592

general use case scenario for power extractor 630.

Power extractor 630 is an exanple of a power extractor

ahygdrbgengbwer gensratio)ds pewtr geredtioncAdivatteid) methafi€al

may_ be one or nobre power sources 612-614 coupled to

péetermatians H@?@ﬁlet?m? ang Metion 4¢-2q hpman a1ptiop suel aswelkings

e t
bR P Gl GBS, R AR AL By sOURB ang nqrpde
Cc pospéresotifves,| and uhaypisyeible gproeiding n @ewiallgXxbhagtit@owesbut
In sonme enbodi nents, interface circuit 622 is

dvarableimmagnitedelandrunstabledpreviding power thatueariss overtispe). Input
TR 0 AT B0V TG O B B o
Sﬂleroablebmraﬁamrthjg'cmcme’pm toxherpir@stry)f oﬂﬁn@@ﬂﬂfc]ude the

sour ces t hat sed.in, accorda ce w th
e ST ACREHEW Iy t?fﬁ%\?&ﬁtrrcw. THRY ingkide gpy typeof diserete

| Esthp&ifkntsQe gpgeglaml t ae &8 hauasrsné.aséoﬁne J%a%se k% Rg{s is
batteri es, source erive power t foug
\/\dtsenb¢cbhgem, arydasomey ethlerwmé be knaksth irf dmecaas heat

o 1y R Pons: i mbopmenB ORI Pl heiard o includes
pk\eﬁﬂfe@ (&8 pbwer RO ePRtt t%s{sﬁ)rg (FE”f‘k‘)‘th&tsirﬁﬂaﬁHE&aﬁﬁms that

king, running, etc.). Power sourcCes may I nclude
namabiwneeqrenw povier e@gcmq mﬁnlen@My gisewmestedoc degouphad from

VIdI ssentia const ant
R R Rs 874 e T R e T O
gmnﬂehafor‘éﬁéxhﬁfc Glﬁ%bnttrd)lrgi‘énald fomta MeMHREmeAt St VBT @ie power
O may be considered to include the entire interface

(éthaCtOTfrom the cable/wire/trace to the connector/pin

ﬁ)()tlti'f][ ci glﬁ%a}e [(?’ %]1? é ut §fdgpé1}ﬁe¥ E?\ngrd e%(tltagf‘:(‘)r 5? (t) cfhﬁﬁag or else there

rcul ace tircu

t ;smuplfeddd) power extaotop 68 vt Sysfetn GO0, dueput 36@’lﬁmg hardware 640.
capaci tors, |nductors/transfornErs di odes, etc.
o’i hﬁm; may be a

i Q“ER%% eounling heedvears 64Q insludes infortagarlsmpnde 64O h

t

“ b 1SRRI B b o e RE BB SVRH T 552-654, bus
pswahra rk:laabdsmf) fsemit strictlysies¢ssary. ORESs jupreoloadd éurbe coupled via the
simlar necha t hat enabl e o or. nore

S e SupiEopaag Fgh At Bt crEerisngin sEebinee coupling
f hAWRRVEI0 Snb &asﬁ&fshﬁ%r eléﬂ&tmwuf&g A bedRe Y Rnk Et some
of power sources can be perfornmed, for exanple, via

c other atios Wthed matib rothrer shaneoneetoramet thpr;rmasohe rﬁfStI‘tCItlen:pomlectlvely
t.ractor

h
bR iy bl oales” briondts ang Tl B8 el FesFie g g gesutt n
t fedposbéffiedehtpatah af 3deal Btheysise poRGallyoathRivhbiePiitinipedance

har dwar e 640.
matching, though group matching may not necessarily be less efficient. Thus, loads
and/or sources may be handled as groups, which can then be brought online or offline
as a group, and impedance matched as a group.
[00113] Loads 652-654 may also be selectively coupled to power extractor 630 via
output coupling hardware 640. One or more loads may be coupled or decoupled via a
control signal in accordance with a management strategy. Power transfer manager 634

generally represents any type of power transfer management circuit, and may include
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Qut put coupling hardware 640 includes interface
el ements 642-644. There may be a one-to-one

w0 edoanysashi p bet ween interface el enents 642- GEAT/ESIH08/001592
| oads 652-654, but such a relationship is not strictly
necessary. One or nore | oads can be coupled via the
SEHEOIaHbR ProdeRsiAg iteuiti§ etbiidns, shehSisthicedprécdlédrg e i on
can exi st in input coﬁgllng har dwar e 626)- t he

r Rlogramypate gatsfaray e i1 A), pppkestion éne%ﬁsn%%gr@iﬂé crepits{ASIC),
bR PR Ol AR VS el Bbh ot i Moy g he pover

biririvgiriig pérfistimed byepovee tirag efer fanageads4,00hicRbsh B¢ Eorlsideeed to
Such restrictions could result in reduced efficiency

(PREsRE ARCqrdiBg|to 8 PREENITaRS fifonaRSEBIENt StEatagY eV eEh astrategy controls

ARERBRErIPRE Epiered BY A RO VR R BRI operate o

Smidhggepowry tlagsten Gfeediondo @[amaQSpom tﬁdillsfea fdyliaclubesetting
brought online or offline as a group, and. i npedance
na'ftewweaéo an BEHEPT 1Pa5HY € SAA (Sebil OB MEEMIGHARFOGESEY 1 pin), or

30 via out put
o St On B R BB Ry Be
cojli¢ld drowtedmugpfeenhanager §34 aninitots the gipat power for power changes

accordance wth a genent strate Power tra

RS RSO ietnarel i %&%@é‘rﬂf@%ﬁg gl Greusbiere. Power

! T i IRAPIDTE REsFibed l:alb(‘ive #’fﬁ:\’ llynéHaHﬂ:ﬁ BO&ePLéxtractor 630 to
nmore processing circuitry el énen such

ncmpmws fromsthefspetices mtopowenta bilehvgao dlealpadg/ Note that with the

( %lgﬁég to s%ﬁggyej%%ﬁ% gﬁtgét:egghgpLsgi}e &4 al 85' rp%wer fansfer manager

N34 AGY Mdledd 185 to @Hﬁlst M%%ﬂﬁ‘ﬁﬁsfé}fac&&ﬂu@qu of a number of
transfer i s perforned power transfer nanager_ 634,

V\m\\zﬁf teangfop scanerias. fack @gthéy M%ﬁt@na@mydteﬁgcqrrﬁ@ratlon changes
Con L %)wgﬂoftl%ctoq%ga agls%{ I ans me% r1’0%&16%ttrag&‘glgl)ﬁanager 634

W power WI rre Oow power

t ﬁrimpéﬁér aXBaagL63®ih &ydafmwl@ra'mtie:ohﬁnmmjmwegystem
t ransfer, Operatjon to nanage power transfer nay
FRIMIEations £ asrielban @afmwmmpaﬂ%n&wm/@d&r qum;% {Ppyer curves.

g ?’ﬁée fo iEwlll acd gﬂﬂtgli& B el 6f BB 'i&l‘agsﬁt 1 o dslét ot %%IF Qburce(s). In

se sending configuration c
Csomel bmbodlirﬁﬁﬂs fhé|neBdnesfi the tads tat bﬁsnietelgmanedil‘Byﬂr rrmnnbhmg S

e.in r fo ower, es to e
Eﬂfi?” mﬁ)’ﬁféw\g IS §p lrpfi%@rpngwgq s of tﬁ% t?@%ﬂ'é%azis which
PGif6imd ﬁsmftﬁhsﬁf FriaHhder 3838w t8 cHRESN thDSEkpAPLRY PartRABr loads.

generally enabl es power extractor 630 to convert power
f Powet thanséeyumaregern 6&4o:apodmtlfy wvhiichl logds are present, anghtligs which

Bt B¢ atbiiabte. Brad ol oS oniieint, Siiaga Mdfession ofa

MRYadibyGEnUsteerhal Gbrck Q. 2JksTbad tSe1PLNESE a bigARISIuH a triggering a load
according to any of a nunber of power transfer

s@@rfm 3 BECTOIQEESSab OF B Systemamnagermgniantity wdicategnwhich loads are
ng %&Uéé |on changes whil e power extractor 630

al ns”’transfer efficiency. Power transfer manager
6P0115] One inefficiency of traditional systems is the "always on" aspect to the

switching supplies. That is, traditional power transfer technology consumed power
even when the loads did not require power, and/or even when a source was not
available. That is, some part of the power transfer circuitry was always consuming
power. In some embodiments, power transfer manager 634 can automatically turn
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and power extractor 630 can dynam cally and
conti nuously adjust to system configurations, as well

WwW@sgoosovspnuousl y nmonitoring i nput and/ or out puPCPpUSZNE/001592

curves. The logic will account for the needs of the

| oad(s), and the input of the source(s). In sone

epbwel iBater 630'6n ARE I Haked diPthle PRELSNEAIY Jofved 8h&bP1da8 That s,
by nonitoring hardware. A sinpler nethod is to include
pémxatppk@ﬁ power tegnsten enanagesrfdddnayoadematigallyrentenfasteep state if the
powe

f 634 h It h t put .
P R oA B AR NP e B i above
| gRithickholpditr taasgker ﬁ%ﬁa%ﬁ €3£ Rlay RAFmiMAShMRECdy loads are or

profiles are applicable, based on | oad

dehaadd be pgnnseated.olnithe absene of sources andir dead; pewerf transfeg aghnager
b al. source.(e.g...tthe load itself sends a

S?%‘ﬁ %a?éh)g ﬁﬂ&glc{erﬁoa{dgfﬁlé'lgal% \’Th(l)%h dreﬁlill 1 no_power transr}gr, of may

MpRIJAPE SIGRAS Y deaBfivale SitBleRMcIRRABEWeNfra®iférihdhager 634 can be
indicates which | oads are present, etc.). [0011I5] One

i prThisticated @pd abso o allemplbyly inpludeatimersmedhanisay thaienables the

a i.t.chi npl jes. [ t i tiona
SSRGS 4 G4k, Y OB 55 Mk S LU b s o
| deedbystdind not require power, and/or even when a source

was not avail able. That is, sone part of the power

t FEdPEr Taispgiembpdiments, thegancepis 96 RPIET panrgemenhassepodied by
e r . .

SRR AR ol AP oA s By prts S

o ex dningl e rosse meamagémeriedy iacldde budinesd rul&hand eantrol,ovhere each rule
exanpl e, po transf er. manager. §34 nm tomatically

o R3S conra} el Sxperpt o poRver RppirolsehedPtal Bssame ey Sontrol

t hgreefial adiifrBredt madnd? Budhess Ydles WiLE o8 nPQWRimpfenRdPdEas

the threshol d, power transfer manager 634 may

d bardwiates eofiwateherr soarsycantzviatioar: #he business irdlepmay be broken down

connected. 1n t bsence of source and/ or | oad, power,.

© P Sl b of e A ond P bt Tu e SR o g Bitehing or
WhicaktoF @8 potver tiitveCORANRAtbHaR AfEShay BE tdPAYalHIRE ¥ determine
signals to deactivate active circuitry. Power transfer

nipwde ded vithcths nydtipleprpws prcmuliipdgreutaits Tl rules may provide

a ' ' [ i hat enabl.e

T RATLOBEL HEBhUS b MESARLBF oSN B
MextedoBsr) 6300 The editent kawiinplb@est ativhs 6f put o Yfettetiie business rules.
[00116] I n sonme enbodi nents, the concepts of power

i ARFEHRE 1B SOBABBIPLNeNS, Bnedancs BRhEE ManEGEh @by single
ngé{w ouPRS s HigER ﬁiQtChi%%l\ﬂr%?d gyhéﬂf&hﬁ:d%pﬁl%tirz%ut %8‘5rce that makes
exanpl e, power nmnagenefit may | hclude busine rules

atiet mostisersie to wiatehe each rul e may control a different

aspe of power control, or control the s ower

cHfiie) ©doene qﬂﬁDOﬁ}I&?fﬂf’ IERTITHR RRY. 10 S EREVST P die loads or
aQsteRRIMd0d | paRt tpﬁsfmﬁe%ﬁuin%ﬂld@ daa:mwgeor i&&i‘tfgm @nd

or some conbi nation. The Dusiness rul es may be broken

deslecting power distribution rules. The power transfer then occurs in accordance with

the selected power distribution rule. Power distribution rules can be simple or
complex, and may be generally classified as follows.

[00118] Hierarchical rules result in a simple precedence of one load over another.
As source power fluctuates up and down, the power transferred to the loads may be to

give preferential treatment to one load over the other. An example may be to favor the
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into planning rules, which are strategic rules that
may | ook at inpedance matching or nonitor the power

W@ 00809754x gani zati onal rules nay be tactical redBEES1008001592

determ ne how to deal with the multiple inputs and
mul tiple outputs. The rules may provide and/or
| opdratiaRal cipaniayer & hiisdiftdtrifca deviee, WigleRavini ¢l preference to a
functionality of power extractor 630. The control can
i ieshagiongfiserpsaldrackun batterigs.ef f ect the busi ness
n‘Ei 2;9%;0[%%&%%& 1Jnerules 1ns§?1ﬂga%%e%ﬁie%phi%mﬂu%g%%Q/%F For example,
Spbhweat dane)emi?dtﬁbllltﬁ@ tcwmﬁ Ibadd @rmqfe‘rmﬁrmﬁnfe; theh i@ ahother, then to
source that nakes the nost sense to match. [00117]
stnpthanbhes. alldeads wosidracpive sgme partion afidisigbiated p@Wérrmtaogwen
t r
P i AR s B T AL BRE K cach lond
pEmeeExathpﬁé fai sgstemanay all&ate 096 of alvdistrithaedspevertth ehargmg a main
]gcurs in ac ordance with the sel ected power

%tfqr}”ﬂﬁzt‘il% 0% ter OWOW atherileadsi on rul es can be

s or
dIlj}qog]rs T 0011 f‘f H er alroclgr’ﬁbﬁ I C gﬁs tl?ﬁlpg;snadrﬁg% i a’?ﬁé %{Sg? Oﬂ%he time of
pdaay; ed éneefofeenBor exathpbe arsystamatdasibe pﬁ(sgrmnnredemﬂoa\mnnse/sunset

fluyctuates.u nd down, the wer transferred to the
| eehoetiRapd s B G hrmmiiR Fip hetrSaltHeneor e DS expected to
| pak P&k R aQbRPpanelt FarABRLEHNRY oyt Baﬁé@lvcﬁlr the time of day,

t heoperational circuitry of a mssion-Critical device,
wthiel sefstgmmaug distnbaite prwéraaceording to oac seathgy gi axgntlmrelrxﬁnother
sever al batterj.es.. [,0011 Rqund ro
> S St Dmag e BiSrige ot Bt Pl sa Rk el B Power may
ey iRtrbutPHRErtSiaNink® dtidal abduiiRg té thekPetteddsd. Notdthat as
period of tinme, then to another, then to another.
THessribed belpwapenkiipputcpomes and peakdaad p?@ytbﬁ @ativaly determined and
di | [ .

PSSP ECBONER fdr TnObYER cREL 130 1Rl 4ok B4 frameworks for ofher

f arlest@de dppHel. FB@ExzﬁﬁplﬁpﬂL&mgaceStﬁﬁi @it 1eidag] 4 eamdeoBitdmay be
of all distributed power to charging a main battery,

| Bpdh w§1 ze%efr@fld éa@déﬁraﬁ%@w %fflhléb'ed eatacab,er tes1ofsiay Ti e
bmgl cﬁul:ﬁi%' BP&%&%&E %{r‘?‘#u& ﬂnfe%rkggervr\@g\%ﬁ[)fi%g pg\%er according to

etine'o
et&mﬂphdés ﬁmeﬂ(yxmhequarrpbse iprthgsyatame dFonlekdmple, in a pacemaker, the

nrlse/sunset schedul e and. have .| ogi c .t o .determ ne
tiepa} CHGHHY. cavhs&vea&ﬂ@ﬂtﬁaver@@ﬁgw@ef%% ety o

pﬁ%ééﬁ&ﬁl @quqr}?fh@ﬁt Iﬂm gidbn RPELfEeHi ATtrdatrB&] 096 OB lights in an

Based on the day, the systemnay distribute
pewemftaDemand baped mulos] ecarsadjadt dhypaverdransieeto bd conamendugate to

enar a,system nay, haye .hi storical data,.that )

> Enand Qg 1SR BRI b B RS Tedie sf i dtitil bt deggetion
C@i’rélﬁtrg (hdt¥BEWAY indAYPR CoapIh g Ihrd Ware TR0 EHPRE cCsmbSEments, power
Note that as descri bed bel ow, peak input power and

pestkactascs Ortagiusies laed balangingilagie (hardstara aeil/or software) to implement

demand based rules. In some embodiments, command based rules can also be applied.
That is, a central station or other control entity can provide a rule for how power
should be distributed, which may override any other rules or conditions already in the

system.
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dynam cal |y accounted for. Tinme based rules may then

act as a framework for other rules to be applied. For
we@x@spdr91 duri ng certain tines of day, a roundP€DDF2008/001592

may be used, while a demand based strategy is enpl oyed

at other tinmes of day. [00121] Functionality based

r [00a32)enakd glrdai® seygesed) the peliepdtrbupioneillefemtetippied O

the load' s functionality or purpose in_the system For

eSensisteatly; or mayhe adiunted forany of griwmbsnaf scenariesi (change am demand,

bﬁm%'o‘fﬁg%ﬁ{ e}/gt\fenor%ﬁ{)f ﬁ_cg%resro&c%paewing' Simlarly,

navi gatignal equi pren y be grvena preferenti al

t [093R3E NtPoR trafisler Maha@n 634 intaydnclade 61 ladve asdoeiméitimpedance
based rul es can adjust the power transfer to be

cetioh 689 dmwedancgsnatiel Gr mperaferdahardwase ard softygate that matches

(o mppEhe B b palifinB3 k28 62 aftPbESkhAPobb it hdiNare 640
ewithdissveitta] sonesss or toads,aespecti63). Tethhigdesfor pedance matching

bal anci ng .l ogi ¢ (hardware and/or software) to
i A5 Srarhied B ang 4 A0t b wpeatehbeigme. embodi ment s,

gfeurytiggf hﬁ%sﬂleremb%airﬁﬁgs,qdo% @g@?&'da@qmlw&t rés%mdago% logic

station or other ‘contr entity can provi
r 636 Presentation pugie63 6 naylinclisde Idirdw areland edftwatei to lgenaryte status

i d ot her r.ul diti Iready in.th
géﬁtﬁéﬁﬁ@ﬁil@%{lﬁ@g@@g@m&gg@&?o?tspﬂgze%ea tor 630 0F system

di60. Th Bbthé @MbbéinthtS PResBRtaBOP] eI 1608 bSS1601d YowQ'exFBtor 630,
be adjusted for any of a nunber of scenarios (change

i andismehtscessamby pirt dbgowenextrectos 63& Ay suchainpbementations, the block

sources tC. 00123] P r transfer manager 634 ma

R oo Bl O RSPt Tk etrNE SORBE Y CrsgBnec poser
| BReLBE3 066 Mo rkscatRionBygit SHresentRiol a6 S WEB 6 nfProvide
software that natches the inpedance of |n§ut coupl i ng

heperaienal satis £43 torn eufityout Wergxtagt Egamples telude a
?g?c’a?ﬁgrgttesz%ﬁg,g& ﬁrngcgq% Iﬁig{able,&) ﬁg‘&anz{tﬁ)%?agélgf %agélﬁ{eter-ge g%{%gfaﬁ§ns passed

cning are descr ove, an

ntat other lagdeare cPrebeitation[ 10Qit4Ab rhdy inolte divblgi doBfbiscapabilities that
power extractor 630 incl udesﬁi/or esentation | ogic 636.
PrI&aYe sYsiem S0 1o, generae extya) andver grphical ignessentatipns to present to a

S Qgéyﬁrs%n{e%n%ﬂ?ﬁé{tg p?&s%f‘nfé?lyﬁ ?‘(& o@é’ ES @quy PG fndd sh%e;s 6hat

user i1 nterface functiona ower “extractor

oindssasd imforifion lon heente opetatcithespstem. Poresantpdd, ia sysvemn eeliant
636 i.s coupled to power .extrac 630, ,.and .i s _not
8 SUBLPTVY SOUrCES SFORBIAN dSes 5o BaY gt Cate fhad g pser should find a

| TPht&BRREAS bRIEAt shiRIWCoihO hRSRIAE Ahé RINobO8H o3 THBKilled

represent tEe cou Ilng conponents to.cqnnect pomer
erdadercw Bk urgletstand thitempmyeetbert simiilenapipbigattonsRrepessibde.i on

[aToY 36, may prqvi.de eratiopal.status 662.to an .
RhEs o dPts sl eRb R sR s SEitist ddn A flgemngt i
hegpatdie abmsdyged] 600 'SutRae eﬁ'@tfy&h%ﬂ% 4 Maf4igWRidn®Bntah) @¥ tentral
paraneters and operations passe . .
station, or some other entity. Transceiver 638 provides power extractor 630 with the
ability to transmit and receive information. Transceiver 638 may transmit telemetry,
which indicates operational status 662, such as where system 600 is located, what
version of hardware/software is present, what memory is available, what
configuration is currently on the system, how much battery power is left, etc.
Transceiver 638 may receive algorithms, configuration parameters, power profiles,

updated firmware, or other control information. Transceiver 638 may communicate
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to other hardware. Presentation | ogic 636 may include

di splay control capabilities that all ow system 600 to
w@eoengnsel t ext ual and/ or graphi cal represent at PONES1008/001592

present to a user. In some enbodi nents, presentation

| ogic 636 may include nessages that indicate

| vih eviredtdr aviredess ligks, lovepp@vatle drhe sight ddvices;tind ©otaipibBy provide
in a systemreliant on solar power sources,
pﬁeég@rﬂoatm‘éiﬁcqt@@rc 636 may i ndi cate that the user

08341 el b ARG oL B SEA Bl i coupe
upmbeerrsek&ldot Gﬁa(l wrth rayy ofpesst 1sdalciratitrapplet mphit mechadists, or other

possi bl e. hi sonme enbodi nents, information is
etertaeg aet %Plllﬁltleerh%‘h‘ﬁ&‘e@)hef%&t i's separ at e from system

6@9 UC*FI@M@ﬂids{rXteE‘QXv&@wﬁt fﬁ) oWer sogregs, a
tr station, or sone other entlty |ver
ppovercasragonand extltiple ieads @3ébrdingfto térae abnbbdmentsn Watch 700
transmt and receive, informati on. Transcei ver_638
@sgnal

t FERFRSRLE 2 EISERRICH {hat Rps P POYET SQYReEs: SRF sQUTehAl 2 &
G%Cémh S8fir %1&5@7 £Y 2§ MARE: dodar &gﬁag 8H theaad oMEIE Hithe

har dwar e/ software 1s” present, at nenory 1s
awaichaWhen wematthe solarn cplis amll@mowée pewerdindrh yambment ight. Thermal

R bAar B8 ohadisBENEH abe it TBU hsa e thermal

P RAEEW BT 5o ndX® ¥¥the R¥abdris@sm anl dah géhefrété RHEY S froh héit Igﬁfen off by
control information. Transceiver

cthnwmarqraNewlm sounce ts dstablepeives sourcen [Iélereovﬁelrnq’q elwayslbs light

e _devi ces, .an ote i a rOV|d
et L 55 g iy B Ba e BF I BT B Buree
I @RSBSIARM rcdnflRhiiekdtulenheitliafer 4 idficieRyheaosquker) Ovve r
extractor 630 with any type of local circuitry,

i 194 28lne dtearsr sxisacteyr 720 negivesnasyar 4roan heth sewgses El% m}d 714, which
dl:a?h #é{? ?9 H'Qr?srfg & to[ \?1%1%@ IPFASGF.n eflgtch|7|0585r[eqsgc§ is?vatch mechanism
em W ources, a power
ex.m a&lewherm igbhitérpl740) Wactﬂn IﬁﬁGll@.ﬁﬂhf@(lI@p&@ﬁﬁs the inner

errbodl ment tch 700 represents i stwat ch that

haigchapgs %Q{@amheé&atcw keep S calcats daifd, PHERIopWatch

s 7 L
SRS e 0L Bl iy B MR S8 B0l Sonaiy
cusldvailatilé fropr watich 0p.ddwtery f/wrisemltebhmgedbﬂqyﬂiatterﬁ hﬁd irahce is a

S ce 714 ocat d on a distal de o

ol Pou s TaRE 720 BERIdeE REWeRiarHalFS BSGHEETP) tpm one or both
NEKthe pBwWehSoMEA! Fherd ﬂ@rﬂame doirees 46 ACAiRbR. ANEREY WHeRReither
heat given off by the wearer. Neither source is a

spewtresoprageil 2gwa i téis avadatde vbaltuerthO pawey watsh qucg)hmsm 730.

pL@éfﬁtnﬁggﬁeﬂeﬁw Al BEGuRmy 77 5 € Borty toad than

ALY J40Ehat RRepowetext@tton 730 fitdt 9t&ﬂdes|'1ﬁ>@¢er $OWaeh)mechanism
[0012@] Power extractor 720 receives power from both
or

s &3 befererdarging batiexy 74 laisertain operating conditions, power sources 712-
714 will provide more power than needed to operate watch mechanism 730, and

power extractor 720 will charge battery 740. In an implementation where impedance
matching is performed, power extractor 720 may select to impedance match to only a
single load. In some embodiments, the highest priority available load will be

impedance matched, and other loads will not be matched.
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can then be transferred to nultiple |oads. In watch
700, one load is watch nechani sm 730. The other |oad

w0 g00B@etsery 740. Wat ch nechani sm 730 repr esent BCT/0182008/001592
i nner mechani sns that allow the watch to keep tine,
cal cul ate dates, perform stopwatch functions, store
dpu0a30)genarnaine etbBindray, poey exthanstsT20ampadaice iitches to power
ot her functionality is available fromwatch 700.
Buressy/ 12471 4; Bower exagtog da® mayoady wateh asyingle sopree.ilg such an
I ' .
et Bk Elet ORI U irBedfiE Ty e source
Wvith thgreplesgonspiipi®s are avail able. At tines when
nei ther power source 712 nor 714 is available, battery

79130 e rBothbptiery 740 ad ivatsrmechanisoy 23] wilhhaygmgsociated power
R e VRS I TR L8R 0 Sl B 0 b

f inpat pgwerdapastyp Qoasidérahavasotdn somch dih2 pravids OBV arf@ower in good
chargi ng battery 740, In certain operating conditions,
pgglarcog%&lp%@é thermah spufeq 14p9reVHda§8ﬁ§’¢ ©rdRE of a0 ie wacch
NgReeMHiL? 799 gﬁl%tr@?ﬂiﬁ%% Wer,'Bo 8ext§'§b@orp@(ﬁﬁay elect to turn

I'T charg 740. In an

extractor 72 e tter
i offltkereninattiontovthemsl soqreel 2 whembattery 40 dogsardt oequind, charging

S ST A NSRRI ER G b
PEdREL 112 dréps hf(}?b?Wi qgiﬁs,‘ﬁolwler Qﬂra%m@%ﬁ dohéd brm@Néburce

other loads will not be matched.[00130] In sone
ebbthi meke ¢ theslierensa. 1ftbe compired isoprseafadldo meget themeeds of the

R B PRty dacloh B e S ahE R Y it watch

PAdeRaristh f ah@lcBanne? Qll it pelveeto dhargiid e ba OFRE BekiBility of
the source with the greatest power input. [00131] Both

bR Vel gxtragEr A prgyidas thedhilityi termpplyoryer any af@ number of different
a?zfe?l&ii@st ed power profiles. Along a simlar line, both

solar ‘source 712 and thermal source 714 will have

I [oaB2poviarfutth@andd of. th€dizsusdn dfirales slodval inSmiecc@nbokiments,
provi des 0. 3Wof power in ggod_ |ight conditions, and

t Wétheal00dpelndes é?ciwaw%wa@rgdietﬁkmrbftraée&y@i: 8y SXmRe.Agynamic
! Bie%&@hmﬁg%g "&Qécg %zﬁ)’gn BRb¥mehidtbh E5ul 'o?ya%as%ﬂﬁ&/s: when
xtr the

power ctor may elect to turn o
c oeitler sowmne 702 hwesomede Adls aeailable, whethe wait ¢hesff batddyy dd@swhen

nqQt require charaqgi e.g., it ower el. | eat er
e th&ha surre e pveilehit gl stateh Belopem T SE el S 114
S | l%ﬁ SolAd oL PR 4rfd Herdi\sourld 914 Ql%%&h getiviedinQlatéi hechanism

Wi connect thermal source 714 to nake up the

di7’39 effdhe thermél sohececanbihaegt batteryc &4 With solapsavses 712 Other
needs .of tuﬂi wat CE) ngchanism power extractor can
cREEER ¥ Q%e?lﬁ 6 ttery run the watch nmechani sm

aned 1I8BRNNEIG. ablillhdtRtds aPRitEless Oufel 8Y<Bém vithaultipld dwer sources, a
The flexibility of power extractor 720 provides the

aBPWEE gxtragtogmsidymplbinker logds acgerdingiiqrsnme etbodiments.cfystem 800

illustrates wireless router 810 with power extractor 812 coupled to two power sources,
wind turbine 832, and solar panel 834. Power extractor 812 selectively transfers
power from power sources 832-834 to the circuitry of wireless route 810, such as
routing circuitry 814, and to battery 816. Routing circuitry represents the functional

circuitry of wireless router 810. Functional circuitry converts power into useful work.

32



scenarios. [00132] In furtherance of the discussion of

rul es above, in sone enbodi nents, watch 700 includes a
walgwanysopower di stribution strategy. For exanptEBUSH08/001592

dynam ¢ hierarchy may be used. Such an inplenentation

coul d operate as follows: when neither source 712 nor

SSpécifecallyAwirsledd/iuter 8l 8 prodest dedw i Yuaédorafityt @ wWircless
740; when the thernmal source is available, run watch

nehmunicatigredeviges. t her mal source 714; when sol ar

h | bot h ' .
B £ oM IO bRy SEEEF £ 7 nefides § Bbl P BHIIE forrfling
béi ' i a in ici . That i
atdlﬁﬁYSY‘ﬂQAPto)t/vEr d;.sr@%”gro fgge]uérg%gﬁieg Ielhlhﬁés ?rﬂgl?iéhzﬁ:gﬁ@ﬁle That is,

coul d be ggﬁ { us )
wihegioags prajile Bay bg dependsnt wpomdertein eongisioas. Fnsgxample, wireless

p o) ' I [ t 0,

R O hore Bty pisSee 3P BERS Bris i, B B
8d¥knivgdsfop ex@hplexDudsg tHe milldlCathe fight, @r invthe@@idEle of the day,
squrces, w nd turbine 832, and solar E@nel 834. Power
ethereyaay pe gush dess dempnd fQF roptingseayisesH dat: the prefilomay specify
SR ' ' j 4 el t -
RES ne2To AR el vyt R 4t By IR OBl the device. In
8abimplementation imhete 1bad/ priexiti e estatilisked, de priiaritdds may be
circyitry of wireless router 810. Functional circuitry
c%‘ﬁ@é’reflémﬂwa}nrﬁl@u%@ﬁﬁs-mr k.Specifically, wreless

r [xmtllss] 8%r@&%k@?ﬁf)ﬂ%l%%ﬁt@%f%’%@%g%é% _txg@ﬁc dyring high

W rel ess communfcation devices. nsi der t
pswiighetineawhen tieiRost etficicesisaopslarpapelofid @utdiake place, the

SRR SE Yo e P RESHe 8o J538508 RBBociments,
Ph&tery 816MEIURs HRINENE BRlteryRAMNEREIR! A poed bid 8 for balEry 816
exanple, wreless router 810 may be nore frequentl

aney seadedcalgsdhat indigate e wimmwres exactorshohld teansfer pgwer to the

for exanpl rjng t.he m ddl f the, ni ght rod he
iR e bl ol M Bt el ambiigads, Fof

I exdniplg, Feak ¥t BSurs Taybe Bekter fr @hargtholl¢adBEidibaltery (e.g., a main
busi ness rules to use that vary wth the tinme of day
ahettesy), apdotepk hoyrs be berer @éogafsl.nng iafad battery (e.g., a backup

iﬁme&e?ient ation where load priorities are established,
the priorities may be switched under certain

c[00d36kt Bysesn 8()(?)&1113 ﬂlusﬁ?tese}m;ml of ,Vai‘if)us)#olu&dele&ﬁ(tl] KatidwBrloads. At
810 experi ence ess traffic durin i gh sunlight . .
¢ leaongg e IRads pay lS’%F?‘F‘B(eén‘Pr ‘i?é‘é‘stg)?P rogiigfe Igade Alspzilustrated is
caul QL . . .
0ok Bt pLUS rUEL TR o EnBlns, il
betutar8l 08dGudesatlenhetry BuBs which rémesentsydateaivno thegipesmtioAal status

B 0SB e 050 e e A,

t B&mmunicate telemetry 818 to a remote or separate entity. Communication controller
820 may also receive data from the separate entity. Communication controller 820
may operate via wireless transceiver 822 and/or wired connection 824. Wireless and
wired communication technologies are common, and understood by those skilled in
the art. Any suitable communication medium and technology can be employed.
[00137] FIG. 50 illustrates a pacemaker system with multiple power sources, a
power extractor, and a load according to some embodiments. Pacemaker 910
illustrates a system with multiple power sources and a single load. Any combination
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conmponents of the battery, which may each be

consi dered separate | oads. For exanple, peak sun hours
woreasiog7sbet t er for charging a | ead-aci d batt erpCl/ES108/001592

a main battery), and off-peak hours be better for

charging a N -Cad battery (e.g., a backup battery).

[ 0B erSySoantes AAd 1duds can beladadaiEentling onsehadinakes ks for a

sources and various | oads. At |east one of the | oads

n&lyehaPRlisadex, or consist of nultiple |oads. Al so

[ r at ' > 0 fil

A o B0 SARGER pofler ERTRAEIBP U B kb B

| suirced Slsattey ©20dridyth8ihtal cotiplidy 922 Basi@béssulbs nfayahdichte to use

the operatjonal status of wireless router 810.

chsrdicoupling 923 reh &y passiblexfl ussdt enstasily do frigkle charge battery

ZWS&%E%%!O%E& sBifrio? ?\géﬁ%@tgg 31% ﬁaﬂf@s ower from one

nication contro SO receive
dert oth sourceéste operasivaileirenitiyt 914, Ghivhperfoamns e functionality of
contro|ler 820 may operate via wireless transceiver
gpare ?ro‘ilowi red connection 824. Wreless and wi red

c gmtigoli C atdcOfiak AN D TAMRDpRfafiof PIFRbter@ O, UNHER RpPREnts data

ose ski Inthe art. Any suita
c thatrindi catess ithestate aif the pacdmalearhwbichgyaycianlulde cetipd] ayfednation about

[00137] FI.G 50 illustrate acenpker systemw t .
¥ s A R P B R R et A e depghgrvice,

_a@t@.od)?érﬁﬂoﬂ ﬁarﬁﬁﬁ%rsem%lgﬁﬁb $nclid®CiafBHRlioR? idg., configuration,

illustrates a systemw th nmultiple power sources and a

sfulepl) eelpted tio tharoperationiof aowenetractori9d? sThofs, powercatractnd912 may
| oads n.be used, dependin what makes sense, for a
oPei GERPE PRERonFab Ty RAR G REr BT it ko Bimefts, such
PRMEmeoh i §6hdmildd or £OLINES dialpdsyiDe RORSss SGHMEARations system
battery 922 and thermal coupling 924. Business rul es

gy fediociigaieney idsatifierd REEP) teshalpgy)- 924 as nuch as

p Wl e, it t ickle o
DR, © pSbrlie o1 FORSICHLY oo S b BB B g (comm
ekCY 2BOt IC 930 2oritralm aiterita B riclidi gz aieeatidg hiekizes ®oIbe nt via
to operational circuitry 914, which perfaorns the

. A per ] .
f ety ARG TeSEIVHIE AR RsesyNg S1gnals Tees] Vepdasa arikata YRo Typical
[ o : ' r t
o o PGl 1o RELRREL SR A, ot cd R0 antenna
32 iwouldubeasdbllowe aAn elaétos-maghetic @M)wvavoiy geherated dh close
is operating, and ether. it is_effectiye, whether it
nBGUnER I pitemaRered O -dpstiss Op febnd be FAT ake fainggeigtenna
| 09 URRcH theR 'oBRerhRY chf g and &RBHeS gh@r@% b&RntidlUI(©§30 stores the
related to the operation of power eXxtractor 912. Thus,

pengsgy petentad {og., 91 2 capagitodtaad drates en the poteopel tatpowser the IC. The
cution

R X Ty

paRsdage. MithelRsive eI 8ATdRIVEs a$ pRBesses a message and stores one
or more items in operation parameters 916 for use by power extractor 912.
[00141] FIG. 51 illustrates a system with multiple power sources, a power
extractor, and multiple AC loads according to some embodiments. System 1000
represents a power transfer system having an inverter. As understood in the art, an
inverter is an electronic device or system that produces alternating current (AC) from
direct current (DC). Generally the DC to AC conversion is accomplished as a

conversion of square-wave DC current to sinusoidal AC current. The inverter is
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(e.g., radio frequency identifier (RFID) technol ogy).
[ 00140] Pacenaker 910 includes RFI D communi cation

w0 nioggy@ved circuit (comm 1 C) 930. I C 930 contPOI/ES2008/001592
antenna 932, including generating nessages to be sent
via antenna 932, and receiving and processing signals
r @metall§dhe tiiticl @R pendiBih tradiforead phetoesiadic MV pindeother renewable
circuit such as shown with RFID comruni cation |1 C 930
ANETEINtYSIOMS So8ing oS resppEsible ferthe samtrolad electricity flow between

electro- ' . L r '

e ROl Mo VG ot Bl 36, Ty blir el g o
Eddnwanston dThhégaiabdeDEsdardd3a a clidan 0-60nHH sipassdatatdrnating
charge and creates energy potential. 1C 930 stores the

eftaTeg (4ol dmyarigrs glgo perforpymaxizym ppv e poiatiercing SMJnl)
t &?erﬁﬁ)tlf P); l'g%b gtr())g'reg g(\éﬁerraﬁ(nleasl Gl ciy?teaé Ifgs%% .n{\g ?ﬁ\eeﬁ'f%% gss décribed

nessage I on paramneters ansm

t ezein@sdagso have 4 duenmedieationsdaterfacd tC aSRAtralestationcfor thed
processes a nessage and stores one or nore itens in
olpansausson phstatisiceand Jesf or use by power extractor

g@léilfii%]oo%s]ihug&a@ed,?)o@ve} bk tiRtdralons n@a&% %ﬁ%ﬂﬁgﬁt of inverter 1020.

| e power sources, a power ext
niihatiigp Itkee Celteragstemanay ichgletapov@mmex eadtoadisitbaipewer transfer

stem 1000 r esents a power transfer havi n
-iemete Svarm B0 TS oBeBY Fiove BE Spurces M Zn G0 ek fan be
adyRhREd [yWdupledanl %@c&fgl&b’t@t&We} BRkadraA@99 &S provide the DC
alternating current (AC) fromdirect current (DC

Gamesng| The aplemtiog of power exdragtar 41032 may beddentishl totembodéments
cqnver sj on., of . squar.e- e DC.current si nusqi.dal AC
AT ReSRg AT 1B G enes 1%/ SPg0B bt WAR i€ Breviousty
COSBAP&IYs thdl the @ffistienat the Bafpay of P é eki¥dtoRNIR20% @rersion
renewabl e energy systens seei gaﬂi‘rtéf)l s responsi bl e for

t piEcuiten 1 024 Qure aznadltipliecA ¢ yoads Jemay b sslectiyly,glynamically
Y . | . a
;eo%‘&)?éﬁsan%{lﬁg @1&&%5111%&‘#1@@ %le recglﬁ‘zlg ?BY%F E&fng}é%rgﬁh circuitry

rTorns ONnversion o V ource to a
cl@&sn 50-60 Hz sinusoidal alternating current (AC).
Inverters al so perform maxi mum power point_trackin

(MOB43] o dpuersiop cironigryildep geawaily @@W@rtgfheo‘#ﬁ_a@nﬂy-tragsf_erred
ef)vfltbﬁti ;?d%l’reﬁg\f gB&éﬁéMa%to_r%zi %@E&ﬁeﬂ@?n@ ﬁﬁ&fs'd?@gmbéf ifi'al

may al so a conmmuni cations interface to a central
sefficienhnfaonert The tasak snarsimventeraff natchthigher effiaerdyahar systems

Pk b s B TS558 B3 e pover
SYRErfyMtiBR ¥trhtBgy, Wi FutRMIwee X6 bREbOMoASI0hE eROWBPlies equally
transfer elenent. System 1000 includes one or ‘nore e ‘
svel ¢tesystan 20Q@asit dogs tothe embodimentsanergiwineg abeneplThel difference is

ad&%ouledto wer extractor 22 toqpr.ovi.de th o
oL HETGHP Bl B SRR BRRDE B drasPuft 655 Mmonitoring
NBYBet pleditwillde dpplieladl eridh TirbitGaAdR4 38 S pdRimed in power
herein. The difference in system 1000 over what is )
pexivactnrd|0g2. The mechanisms for monitoring the power output may be different in
inversion circuitry 1024 than that of power extractor 1022.
[00144] Inversion circuitry 1024 is an algorithmically operated non-linear current
mode power converter. Inverter 1020, via inversion circuitry 1024, uses a geometric
structure or topology to perform its current switching from output provided by power
extractor 1022. The current switching topology technology converts DC power into
AC power under microprocessor control. The microprocessor may be a separate
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described is that the consuner of the output of power

extractor 1022 is inversion circuitry 1024. One or
woredosiogiser AC | oads 1042- 1044 may be sel ecti vel BCT/US2008/001592

dynam cal |y coupl ed and decoupled to inverter 1020 to

receive power frominversion circuitry 1024. [00143]

| AN@bpioesssot that ivihiay mhODé egpieyedlih powensraciortle2. The load

efficiently-transferred outpu ower of power

t
eladrgemsnts pH AL loads LR EQ44ston weltage; frequeney,cand(ordhasermay be
a il 1) ' [ r h
RS LS TSI SESHL S oo
t fragiienicp,ned/drephbseo AbgHesivelD, scatkisticiatly #fop¢gamplehas an override),
regards to power distribution strategy, distributing .
pgxﬁjPaCf saBisements fRyrvoltage drequerqy, andipmiphagse may bg|coptigwrption
t QorsiYoifc@m 1000 as it does to the embodi ments nentioned
above. The difference is that the |oads consune AC
p{00ddS) atlhead mhomtor D026 oeperesentSi oneloamdrs sor@pomxnts, whether

ni.toring,output power wl| be applied. in ipgversion
ChiRre SR e o arabipaten e bchariv st Bxialls fignware control),
1 s i 3 |- < t
e e TR L e B3 o e o Pl
of FRIZQk randfor phaseoBasbd 2. wiidd Gl det¢ctéd) wed/si basediongules by external

1024.i.s an al gorj.thm call.y operated non-I|inear. current
bt Eofifiviorbsrn bfavids cetybon 1 Iersiyisicugty 1024, Note
CtHa€ b-dn' WhekIé4d mibnfdr 05LIQ Mplehfenidd'iH BhtvairditsiRRRiREYnversion

to performits current switching from output provided
byirpue il 024 cambs emsidersd "sofiwarsupontral” iinputinting microprocessor of

t opal oqy .t echn converts 0 i.nt o, AC_power. .
ARG el SO LB L oS BB ST 1 OFR BN P e Rgetion
beormesER(rdt SHOW)QH) fOE lef el'@dﬁtr‘dhﬁhtidfﬁﬂ&ab@nﬂﬂ'@éﬂ%@?aﬁon
in power extractor 1022. e load requirenents of AC

| Bargmetanythat gg passsd t HIviersien cifquitgudPrd, and/ or phase
) | ]
TTOAS6E P ALRLS, o B NRL R 90 4B 128 Bl 020 ey

phehele dreermanatalt ebyfiguwati@ttiechanisadsl gudd @)"nlfglﬁﬁﬂiph@meoﬁSnjsms
an override), the |oad requirenents for voltage, o
 meyuRslege swidies ffop peareplpespriyBorly s edyepnfignpsiion "DIP" (dual in-line
C ?ﬁgkragé)l StchEO Ghter] S\J\}Eﬂg%gpﬁrﬁa&hb}@ ARCHFRLES M a5 Be used.

or no conponents, et her hardware, software, or a

c Db switthesrtypiealty haviear waofslidetstor roxkiees (oe evdn scravet e rotational

Lo 0 T F i R P e e
apsH fpur®h AfforertaRBtl of hebbalpdsite Q?ﬁl?ﬂfe%%itcﬁg)géi‘ﬁbnpéa%eﬁovide a

on rules or external input,” |oad nonitor 1026 can
pbwaryusdier'| igontioiagniareprpensesrs Frequenaycselectign 1032represents a

 Foer e bt o, B0 e Rl Fendeigi o FpitlPe PR3 Hese
C 8dlei®dnClOB8 icaR be Usedstofst1oar Be Gafpur Pbltagelof inRuer 1 X0 PRase

m cropr ocessor _of )
selection 1036 can be used to select the output phase of inverter 1020. The use of

frequency selection 1032, voltage selection 1034, and phase selection 1036 can enable
inverter 1020 to operate correctly even in cases where voltage, frequency, or phase
information is provided incorrectly from a grid on which inverter 1020 operates.
[00147] In one embodiment, as disclosed herein is an apparatus comprising: a first
node and a second node; and a power extractor to transfer power between the first and
second nodes, wherein when the power extractor operates in a first mode, the power
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inversion circuitry 1024. Load nonitor 1026 may al so

i ncl ude a conmuni cati on connection (not shown) to, for
wex@spdm91 a central station that sends confi gupPEl/Us2008/001592

paraneters that are passed to inversion circuitry

1024. [00146] Additionally, or alternatively, to | oad

mexttdctr islOptfated By thet a haghitudR\ofiticpoicke timmsRrredByutatast partially

configuration nechani sns. Such configuration,

nieneasen 9B areptinyeushidetesipd power qhapge, andimberein voltags@ng current

u N " [ ' .

o e AR ahihi Bage i unisiBled. T HERBKIB hanee may include

canlindtaataneousgomse dlopk)l Thesmuaftifurle of Y maddr Yransféfred nfagilso be
of sliders or rockers (or even screwtype rotationa
neeReAAFE 0B)voftags chagse pencyigient With fhe entiRpRishedetected power

pa?;fngéon. Each switch position nmay configure a
di rent item or the conposite of all the switch
poi148ondnean embodintkmt ahe apgarytul furtheeinchidepatpotver source coupled

M cr opr ocegsor reguency sel ection 1032 represents a |
_(:H’r#lf’%ﬂsrté‘f’ SAPubriEm Gy ot BYUracRl 13 FAnSTar PeyGe Al magnitude

I . . Q .

| DUEEASE 80l a0 28K pRALHES I 3RS bic sven
sedmslitionsrbey@Bbthe znntvel afsbelpowersaitractor,tand tirummpgritydiead ¢he power

of inverter 1020.. The use of frequency selection 1032,
hrasdtEed Epadiafsdenysish o e g gLt Ryflabbeadn o35
eaabbdimeny, #hd Fdwek Q4 Rabter RRE tAhSeLPMalhlnt o MR powWer provided by
cases where voltage, frequency, or phase information

i theypowver deutce given inefficipndiesoof the gewelr extragior.dn ongesbodiment, the
1020 operates. [00147] 4 n one enbodinent, as djsclosed

B R R F Riay io? [ daity BBy ROV AR e s PE ARG um

s pewadiréra dies }f)@Wéi‘ sBufteWavenaké tandifonsteybhidihelc@htroldyRhe power
between the first and second nodes, erein when the

pexteactayandmay potdyprically actpall naghigvettragsigaring aneabsolute maximum of

p : ' ictud

P REToSEL PAFAG HhAnO BLAL St S e 1R FedR N ME Bl giracton.
of0od4epnt Ilnaume lﬂ:ﬁib)bdiiﬁérﬁ,Cthﬁ @oifs'eﬂ\d’[angh dfst Egéhangg of derﬁh fthe one of
val tage and current, at the first and second nodes are
uﬁwef@ﬁ@%tn@athe%{ét I}P@Feé‘f’ SECPEIOe T AngEahin the ReWeHexteagtor. At

i : i f 1.t

¢ P MICTRAH BRI miy PCTatc 113 BRI bRy Bich i pRAUR e mode
conehich ¢ind pawdrhirankfer coegulatedus rgspoededo hitltagi@ne detected limiting

chaqﬂe. [00148] In one enbodi nent, the apparatus
f BRI i ncl udes a power source coupled to the first

ngstasend e hiboliferROWRIer Sothé 86ddiorsStheReddl Rt iAlolves

power at a magnitude that causes the power source to
aprsivertitg the power mepséerradtogethen pwndenather eopdgiogsvtbe regulation

conditions beyond the control of the power .extractor,

- Yol PR SRR WA R bRl by bRy Btpi Ele BRRE in one
pambbdihlent, de Rastdrietdetsdtdd 1 Bn it icOhdRi bR WlludkY dhé 8Phdre bfithe
one enbodi nent, the power extractor is to transfer a

,Tﬁ;uomng:chcqqsgzepf@\l,@ge, POVeT. @& gupgnt in the first node, power extractor, or

second node; too little voltage, power, or current in the first node, power extractor, or
second node; and a device limiting condition. In one embodiment, the apparatus
further includes a temperature sensor to sense a temperature of a load coupled to the
second node, wherein an excessive sensed temperature is an example of a device

limiting condition.

37



the power source given inefficiencies of the power

extractor. In one enbodi nent, the power extractor may
woedsoypdcal |y actual |y achi eve havi ng an absoPCt/&S2008/001592

maxi mum power from the power source given the

condi ti ons beyond the control of the power extractor,

a[0d15EY MAlonk ¥Mbodiment,actenthe poaemyaﬁaeto& opéates it tHedird mode,
absol ut e maxi num of the power provided P/ t he power

sthemeagnifndenf the @pwler:tr@rs&ré@ i partigtly slsprndentan malw of a bias
[ %g&eﬁ gﬂn 4[@ e%ﬁ?ﬁpﬁdﬁg%gﬁgr o)]a?atcgoq\'@ Qe? nglgtc'l‘l?snlén}?eld?rsl%es

nbaezeeﬁ h@oﬁ@ﬁﬂﬂ@cd@ﬁl&. coibihaticerdfahe pméﬁ&uam find a load.
extractor. At tines the power extractor may operate in

al09482hd [rone euthodnrnans, the pewerRxtiaglor mshudes g figf cugrgyHeanster
p&wt{ g&g& a t'hé &%hé‘{o &}Htlﬂu{)l?s?gg%%gﬁr dhe ?gghhﬁé‘c%‘hd energy

one ng condition

etrinssdernoireit cumi&tedstomme s000d hodus cohtiuousiyitankfepBnergy, and an
I nvol ves preventln? t he power transfer alto%ether and

uWéfé'meStaFFe?n%hHms qsr%rcmtt sennestrdibetwesh the iy gad second energy
gﬁ’ﬁ% b€t PAYEh RS & g & AU rbe%% eHE Fifst and second
avai | abl e anount | Oohne ‘e (0] |nen ast on

dedezgy trandfemditcuitg Inone embodimen|thel ﬁsst ambsaaondremﬁgy) transfer
t he foIIo sive vol tage ower, or current

t FECH S may %gltlpﬁa%lse&arreae&gﬁ ansfer QRO FENTE: the @Bitlphase
| bistdt6r URESPGESTRANE o m@érf&:@ i he ldiscbinudolus ﬂtexﬂ%?ate anergy

power extractor, or second node; and a device limt
ctrmhfcn adreutti Inome esntoditherdnthe pover eppatatindudas rswmehlng circuitry

iR et A R HB G S ER e Shray ransfer

e&e@tﬁ@ #R1 TS hedPBIAbed BelisteARed8 AR Sechd 3nélgy| Iu%ﬁsfer
[imti ntUt condi ti on.[00151] In one enbodi nent, when the

peHgtitse q@@mhodup@rtaﬂléfrqqnenqy@ffqpp@tlomﬂ the switshing circuitry may

ggg gkﬁoaﬁlr? ?alg}]'c a&gusft‘e ﬁ)\éﬁ%)flh‘nr ?%I aslegl Y ogﬁo eiz%:%rtagrs?{' t ¥etween the first

eafﬁbﬁbcaﬁmtxoddshﬁl dewaibodich e Cthe rﬁradmatsemknene@ty&mﬁer circuits

i npedances between a_power source and a conbi nation_of

t ﬁaechp;s%ésie ¥ indyetop andithg intermediate [eom SMansfir gjfuit may include
aGt

CERE o o AR KL 6L Aol S Sy e

cmmulmeaclsirycludleanhdaarommapgytpr a second energy transf er

a5l BRE Gy bodinmentelte RO WP EHTARI0E esyuleg e biAg ciuitry with
ChuaH! dyckanREs heda PaMBRY &P&léeh{ &b t}@ra@teégggﬁ%? BEAHP% and the

transfér circuits to di sconti nuousl Yy tran r ener
batageitudet dfahé transfersedobavear onat least payyiatly depdndentainrtbe dtltsy cycle.

I e odirret,.th I rst an con ner

¢ Pl 3L B b dinag ishe piver Bt ph Ll hHsrapagsr circuitry
t frinads@dr thé p&wrtb%t\b&nqay $iest ah@ séBsh il nBAGS endN/§86ikAlitry to provide
energy transfer and to interface with the

dr swehing genizol;signak rad iswitehiag sirgyitry to control a magnitude of the
transferred power in response to the switching control signal. In one embodiment, the

analysis circuitry includes power change detection circuitry to continuously determine
the power change and provide a power change indication signal indicative of the
power change, and the switching control signal is the same as the power change
indication signal. In one embodiment, the analysis circuitry further includes: power
change detection circuitry to determine the power change and provide a power change
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transfer circuit. In one enbodi nent, the power
extractor includes switching circuitry to nodul ate
woeisagmsl at a third node between the first anPCT/US2008/001592
intermedi ate energy transfer circuits, and at a fourth
node between the internedi ate and second energy
tihaRahied sighdl Ghdit&ivVel of SREp SHEVHAR; lbrodeéb@n%ﬁﬁﬂiﬂ@yl&ycr@ite a bias
operation of the switching circuitry m
owm@@nlpgst aa¢ mode af eperas; ﬁvd@g@mumetﬁcsyalsﬁhqo@mmgnal and
transher e d
oSO e sEbIRE0 b PBirlhE SeREN AT RRH 1R 8 pBjucf Bine
cmﬂrcunds:s sigAdiNo crvateutie saitching v6iite] siund] infthe aflegst rmel hide of
energy transfer circuit may include capacitors. In one
I9%ent, the first, second, and internedi ate energy
er (Gi S .
[%T% llﬁ ogl% gﬁﬁég 1 pth?ﬁ!)\»ﬁreex@%&%? ?Se%( %@%@Eft&r In one

| gifibodigents et aﬁpmgxscfuftheﬂ ih€lydey 4 ﬂsbveer&uhnce eyapled tdthe first node,

at least partially dep endent on the detected power

cWheIsE the aowrabsqva@qmsl@éés yrleashang pithe fllovage bmre P pawer

g3 RBSRL, nd FREEE 0k BoveRl, Sy, i

| eledtriddsydrpeleetric) thenadlasoupley mchamycaﬂ deformatsdre mand bther stable
power bet meensfog%rf irst. and second nodes; anal ysis

CP‘P‘?S‘EH SPREFes-Gn Bstable OWERSICSont r ol si gnal : and
Siolt Sy ngn%'né CHIbblndn®, SANAREd ﬁeﬂéﬁﬁ@ Iah ?Ear@ﬂcustcbﬁlpnsmF a first

transterred power in response to the sw tching contro
snapeadnd al secomkbnaiehat] apower etthc@nm tysisferqiomen between the first and

| u h det t
CBePA IR Y FereuRRPRE ST RESIta: EFNlse PRMET petygryibe st and
PQIBAI ﬁ@&d@gﬁut'd&é ﬁ&trb%ma@l Eﬁkﬁ'volt@@é &thuteeuﬁfent fehdAMe hode and
change, and the switc control signal is the sane

adoaset prgntate @mtantgvpliag@l oE awt’pghcmegh@ﬁ theypeconé node, wherein the

enbodi Clrcuift.r
"B Eitabor B Brol en i ith b ot BBt BEE Bhiween the
PAye and: baoge nawlnn{emd@toaarpmman@hafwﬁmmmumn
Slq%éﬁﬂl ndi cati ve of the power change; processing

r yingoge @rr@sd@nealtﬁhagowpgmacm lrzﬁludeé o¥opings detection
OEH&R&& & g&per és%d %' Iﬁ%%‘ilttuﬁg of Qlej)%we? tr. Ipécf"r?la bg at least

si gha Ing circurtry t nbl ne t sca
bpasialy ge;adndmttdm thé detpcres powbﬂct@agemm omd emb\odamgna khet 0
create the svm t chi ng ontrol Slsq in.the at. | east

o Qe pRy e T erieg sy Semendens S8ivRKRgS chapges
p%ﬂ%ﬁ{ Wik Uﬁ:rco'nﬁnéo By &&Eﬂté@ﬁw&vﬁﬁﬁ s: Il she@bodiment, the
I ment e appara

t'us furt includes a power
S eppracHus ﬁuﬂieemchmies h@otvier sturerochaiplegite itles first hedegp wibere the power
ourc?%rl .n¢ ol | .ow

o R Respowst B4 mopmingle thet Gt Wi poifer YRER S approach

ﬁﬁigﬁ"idlﬁg B efaAiRhm p%wké@b{'ﬁ[a‘ble Ve @oﬂlt@&{srﬂe ond the control of the
ydro-e

ectric, thermal cou mechani ca

dpowerettaoter, anddhomgnitulceitee poveirnstaredss partiallpdensndent on
[hsetrgg)lmenu oggvrversa%lallrlgﬁe In one embodiment, the power extractor operates to
transfer a maximum of the power provided by the power source given inefficiencies
of the power extractor, where the power extractor typically does not actually achieve
having an absolute maximum power from the power source given the conditions
beyond the control of the power extractor, and typically does not actually achieve
transferring an absolute maximum of the power provided by the power source given
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[00156] I n one enbodi nent, as disclosed herein is an
apparatus conprising: a first node and a second node;

w@anpasaopener extractor to transfer power betweRCI/UR®08/001592

first and second nodes, wherein the power extractor is

to transfer power between the first and second nodes,
biskffiloa i’ A theSsiW el tra¢tpt)In ¥AE Erdbediffent, i hovedt ek Gadtor

at the first node and does not regul ate output voltage
oepeseiepin diffgrontmodes, wheee e ERge that ppiEeTeXragtqe s to transfer a
p Iy incl j j i Lry.

P4 R oot HEBSesioR L plhopl Vel oty ument at the

NAEnbdde drRisquep a6t feguiate dutplitcalthgeiorodutput!cutfeit atghe second node,
condition. [00157] I n one enbodi nent, the power .
ed inc@ seondyapdeedighone Profretiganens iBcvhieh thenopsr tragsteris

t f1: :
DR PR ) B R R RIS DY Ao
ptheenput hzartg?s in;iug cmmmta:mmh' vobtage, ok getpllag.n‘rdntl ldmydfe refndated.
ower transterr my al sQ pe endent on voltage . .
cindisss dooos rerr@ﬁfhm%mwst%?%ssgggwﬁbﬁgwpa@?@éﬁe%pﬂsmgt a first
pﬁgﬁanﬁwgﬁéd ndde; MEa %H%hg%@ﬁverkhﬁ 2R ?B%r between the first
further ud Cc

I nc es a power source coupled to the first
naatbsecoinkneddshehgroinethe switchiog convestet & sensitivé ®rchaogesrin power as
at .a magni t ude that causes the power, source .to
215 G TR PG st RikrereR prdior SABF PRBRHNG pomgricr
CoARubRely oPEYRE % sk LARIKRIM 95w&hﬁrd@gwagteeﬁﬁg A&k & slopes and

and the nagni tude of the power transferred is
pelnanigig the deyendansfermad sortbatrthg powen sleneeappeasghésadsire h

0 odi nent, .t he wer extract.or operates.to,.

C RESPE? Yo R ermorraity ire ik S e PREG M S ppidgest

\?\Eéﬁftiﬁﬁy depeddent il the abebel owef slbp& ha\WRIvoRsbé edn@Es concurrent
ere the power extractor typically does not actually

avfithabe detactedgower dorsi i enerranbodimeothe apparafs fprgher includes a

R AT o R RS PR o D6 e

aektedtdrito aahsfer pow era afmeagnitnde tiat edised the owex sotiies tofapproach
the power provided by the ﬁ)ower source
gPURNIAS A IABHBHE] RV RVRIRDIGBiXER cenditiopsthsyond thegaatrol of the

. - . ; L ffap
P SRCHIE P HBE MR RS P RRIGH SR ABEAD depcnce
t on theamnagiaruna powei anaitalleain aieleentpdument ptht seritelsing converter

regul ate i nput voltage or input_current, at the first .
BB fidteeens Giodesgm avher ! ot iyl switclype soverter s to

C U pr8Rh @instdng § HAEmMURCE i1 e ﬁbﬁeﬁblﬁ%ei‘gotrfggﬁaﬁéﬂﬁﬁﬁ voltage

is a protective node in which the power transfer is
r eyiripat ewtrént at ths fiostgwde and lo¢soms regulate detpgtyathge or output current

[ipptin onditign and one o re.of the input, . .

V8l P geebaidie. doinp BneecHiin i VHish i SpprotvE Biigdn which the

C PbWwetrar¥Bf iPfeguRBed treshonbOd 1R &dast sheaittectdiRditi®Yondition and
as disclosed herein is an apparatus conprising: a

f ione pr motreofathel inpus seltans, ipUbcureany oatpiveliagen gr output current may

cQnver to transfer power between the first and
ggéef\%lﬁaﬁé%es, wherein the switching converter is

S §O0160] V elrt sheCnabtgidBentDaPdivelosedsherein is a system comprising: a power

source coupled to a first node; a load coupled to a second node; a power extractor to
transfer power between the first and second nodes, wherein when the power extractor
operates in a first mode, the power extractor is operated such that a magnitude of the
power transferred is at least partially dependent on continuously detected power
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it is transferred between first and second nodes, and

the switching converter continuously operates to seek
w@20809759m power t hrough detecting power sl opeRCHOS2008/001592

changi ng the power transferred so that the power slope

approaches zero. [00159] In one enbodinment, a

NEtgiRkés)ded Wheteteveleie and caneitat brdfidstandt scb@ahodes are

partlally dependent on the detected power slopes and

ovnrgghletsde changes concurrent with the detected power

r
i L(@I‘iﬁlzles Ig ogg \%rep?ﬂg%erng:tﬂ% go&Preed&lgie%{ Er{agl%nélﬁl{ié Qgtg)cessor to detect

whercharides afitmd ddstagstiahailysiy off datdghered. 18%he atibodinient, the
transfer power at a magnitude that causes the

ower

SPRIVESOBtsE ApPRera SHO PRYET BRuTeesandehle Inarhinsdudas saﬁé@qdabﬁnéme

ct iRl SRR RHRRE ke B b o Res biF b DS

| extpaetdrs, ahuynaieﬁuﬁhekeintluda alchetratawation 1o poviee isfoahhtédil fom the

In one enbodi ment, the swi tching converter operates in

dPeWErBfEciRbies, and where in a first node that

SfHo16 ”%%ﬂ? \éﬁ%ﬁfméfﬁ aIth L@AERi 520 Eﬁéﬂé&u@ Qoﬂlgrlsmg a first
Xi avai I abl’'e power oes not regufate i

vobddesad aorecompnrides amd aepbwa:t exttaetof incduding: d;mmhmgdmemtry,

not uIate out put. yol t or. qQut put Curr t at the
s%%ﬁ’g M contref %“Htcg ‘@e‘ggﬁ%l %En fEHry;ang power transfer
PEiR&E G% b/ Rarl¥BdSolwer Bhtinieln Eﬁlﬂ?ﬁlﬁpw seebRRddRs uh&er control of the
regulated in response to at | east one detected

I S\mtxthm@cm@nmy,tandrwlmn@in ovhendhe power axtrattoeoperphes in a first mode,
ent t ut voltag r _out

oL iafP bentFatt e it RtheBureatit i insRE pRBH tinefer circuitry

afo WAnSEdr @Wfb\b&ra@b@nd 1tﬁd§t65éa@§’é £ PONEL UG to ApPOREH providing a
source coupled to a rst node; aﬁload coup Iedﬂg P 8

S BIESHRUIA Ggwer avq@bw@rglm qoaditions beyandhe ﬁ@rtrqi@ﬁére power
bg%ﬁ&gg the first and second nodes, wherein when the

power extractor operates in a flrst node, the power

eji0168} orlniohe@pboding¢ht SHe Boithsitlosp felides pkdﬁerm‘haﬁéteanalysis
power transferred is at least partially endent on

c BiFeuitRY Hudstoct powst changsvard mardgégntcma cméelélalals in response
v

¥ ﬁlre%gg’l aﬂqg t}fé[“%r%ﬁ@g??@}t%é g«ﬁ'letlt&é 2%(%0 [ﬂq'oﬁqﬁg E\gltaﬁf\?\% §1r3f1§*y in
exdsparcedo theesyvitchigusbatral §ipnad ekisore dmbodﬁtlaﬁt thb keentrol loop further

cha s and to do statistical analysji.s of
H%F% GOMPHIORSISHTY LR Ferpare the SWéG@Pg §%‘Eﬂ“g s1gnakyithas

S i’@e@ﬁ(‘!@%lﬁ%&' he&® prodide I&%\&llmgnéqﬁal}' HeSontidPa Idﬁe)dc:yclel dF the
one enbodi nent, the system further i ncludes powe

seowitdeng an@SIamSc thenetal Inpmeembedimerd the powanchamgy analysis
further clude a central station to ceive

| Sreirindiier pawet HEPs Setestan T REPLPdelechn pawpr sippegfithe power
e BhgesI8A bne 8mbodistng SRS pHRERI Gpe cﬁet@ﬁoa RR&i &y YSrther detects an

conprising: a first
instantaneous power slope. In one embodiment, the control loop includes circuitry to

detect voltage changes corresponding to the power changes and the control loop
considers both the power changes and the voltage changes in determining the
switching control signal. In one embodiment, the power changes may be changes of
power in the one of the following: the first node, the second node, or internal to the

power extractor.
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node and a second node; and a power extractor
including: switching circuitry; a control loop to
w@0vB0wis9swi t chi ng of the sw tching circuitry;PErnus2008/001592
power transfer circuitry to transfer power between the
first and second nodes under control of the sw tching
ClODE64]t I ¥n oA EmBbdERfht) thd&htioh Bop@HBIroR Xt fdfibAdy of the switching
operates in a first node, the control |oop controls
tHecuiny anshiba dreanensyiinflyences effigicacy pbths paier trangferraircuitry. In
CldeSetiddambR. e %%%vfe? E)ft}en:?orqg m&ﬁéﬁmg OB et 5!19(? thte.%ontrol loop
cause a powet source to approach providi hg a naxi mum
Pevnerblsavdiity abdle oftheamvirhingi ditcaits). Reyinembidment) tiedowadr source
t he power extractor. [00163] |In one enbodinent, the
csertof theppparatis) whets ip gnetherihs Pew ensmIrgais outsidetiie apgaratus. In
t 3 r . i i i ey
o mBit B SRR T A RO TPk BPa B b Phaiional
t ieledenvdenl thé 680 nodeiridothe pbiver sxidctdd) 4@ éecond tdnnettor and a
responpse to the switching control signal. In

X one
eienoRd addional pedecbtyeen the sespndutods apd a fead rgupled to the second

Cﬁ’d&%&’?‘{d the %ﬂa%&ﬁ&@ b ihe @&EP@&E& mg s fef RiQ i8Rt the power
signal wth a reference voltage and to provide a

sprovicled by tlsd ppvedr sborce @itenahefficitutigs of/thegoofer txteactor.

s%g ing in regg nse t heret Ql} In one enbodi nent, the

p chdngae smapgEeat.af Hpigs e Pawet e HadlonRiEtes Ingecond
A@bEE Wh i§ b prdtedtvE hIARNRRED heRRWRE trah FBSis Pecuidt&d in response
power changes. In one enbodi nent, the power sl0ope

dietat dastorneadetestridtlinyitingrephditiod einene snio dimett antdan sous

power,. sl ope. 1 n one enbodi nent., the control.lo

PR Tings B el To bl ReEveRyipe LS et arpstet Sether and under
CohérsRaMInEGhé fegulifioR MRSl vENBAESSs MR PoWRE trafiTér Rllow an

| oop considers both the power changes and the voltage

cotheryase dvaildele ameunt. dig onembodiment, tlag eamtiol opgnahiaciude a
I n_aone embodi t, Jt.he. r_chan nmay. be changes, of.
RS BRSBTS RBES plHy PErEB G R e

seeoidimddeahe filaghifid dfahe pOwerteanBfeefRd is at least partially dependent on
extractor.[00164] I.n one enbodi nent, the control | oop

cdMilpe pEthg bigssignah dy oae embadigygnt.dhe eepteal leap ipghrdegyiprocessor
LG ée{n%fhlﬂ@srhclyiaé §bnd© h&I {h'e 'og/.'élc ¥xtfgct&r'6§e&?é@qﬁ the first mode,
transfer circurtrfy.’ I'n one enbodi nent, the power

ethe meaphindé of the poivectransferccains pattiatly deperddert @omtalaé of the bias

| qop .controls a duty cycle of the switching circuitry.

| i¥he enbodi nent, the power source is part of the

afBRbE! Uin ol %ﬁﬁohi%@iﬂqligﬁéw&h@anlﬂg@g’%{rcﬁtﬁ'yrﬁgﬁg&é a first energy

out si de the apparatus.” I n one enbodi nent;
appwfertdarsuit gonrestedito theafiist nadef to contimmmskydtansfeanergy, a second
ddi.ti onal node

oiteEsy Rt ot Mol nede i coBiou S dptnnfer enerey,
aghli 4rl iR RdmediatteeneRiVPRR T RE it CorHécrRAMRtvwdd tRe fi8nd second

coupl ed to the second node. In the enbodi nent, the
pewBgy Bsasfercirguits to discontinweifsty transivnenengmbstweendhe G and

second energy transfer circuits. In one embodiment, the switching circuitry is to
modulate voltages at a third node between the first and intermediate energy transfer
circuits, and at a fourth node between the intermediate and second energy transfer
circuits.

[00167] In one embodiment, during the first mode of operation, the magnitude of
the power transfer is typically such that the power source provides very close to a
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provi ded by the power source given inefficiencies of
the power extractor. [00165] In one enbodi nent, at
WO 20vee9ItShe power extractor operates in a seconPCTOS®08/001592
which is a protective node in which the power transfer
is regulated in response to at | east one detected

| inBk i upg a ¢AR81e power. InfbrRenbARAEt B kwitdhiEe kiré@fs, control loop,
conditions, the regul ation involves preventing t e

pmdenowqr Arassfer cis¢uitey arerrupperted tineiprinted iseuit bortd thas isenclosed in
ﬁ re ul ation involves reducing the power transfer
ot herwi se avail abl e anount. I n one

Elowds]rre Th ont BEbE@iNiend) as|dRose@ Yereficis 4 @ Eﬁar@fu@ eempeking: a first
t t generates a bi as S|gnal and when the power

od grseepnst nadesandha powersexiresiar insiuding: ﬁeltﬁh@guqrsw@y a
oéon%?l&)?)% %on&ﬁ%wlﬁfx{n%q}f ltive %zfltéh%? &r&?ﬁ'}g d g\gwer transfer

dependent on a

eﬂhﬁﬁhryrﬁnﬁransfdi Podenbétdlech c}mpﬁrsmidwée@ndanqﬁe@ QR&G @ontrbladf the
generates a. bias signal, and when the power extractor
oIt NRE CiFqhitr) and wherelpgdhen th%eo‘ﬁ%rgeﬁrr@%raéowat@h@ pHHwemode,
t r Y

{hggﬁrslﬁglnlg?p b%%?%gﬂe%wﬁ%gﬂgréﬁ%ngﬁgﬂto QBelto c%hyeethméo%gletransfer
t cienstheto transfarithe yowercdt adeapnitude tosdzauesne powyet sroam:fte tprovide a
circuit connect ed to.the first pode to conti nyqusly
t AR PRWET ypilable givenronditiops Eean&ﬁé? £9mtEq! pE thepower
conpRidred to the second node to continuously transfer
energy, and an internediate energy transfer circuit
c9i62} ednivat warbodinhet fthe scbntmi doapeinolndeepmvenchangemsifabysis

circuit i scont.i nuous nsf er. er b t.ween

CHESHD Ty 8dr @ BB RR AR prbl AR afsB Bt al S fresponse
efiRMb, MR whek &R i Melfirbd A8AE 'tH&éUn&rbl/ldo? cbﬁtr@l@%@ #¥ikching circuitry
voltages at a third node between the first and

| trerpange tot the ewetply}agtcpam@fswnab iln one ﬁglboexmnattheccfrmnl igop

n bet en the i nt er e te and ener
i MR et oBh SRy b o8 SR Chfe gt with o
t f&’erfahdes\tolﬁgéi @n(Dfo M eideta siitching&idiad v dontiel @Huttyhfsrcle of the
ower tran is typically such that the power source

p?‘ﬁW‘E’e&lf\F@ﬂipf’éP wtednmm’mmra% the ppweneiaage apalysis

0 0
aﬁgc%%g:'h{ﬂ:eg ho Epﬁoﬁér/\%él}lg{uro@%g‘;cgft@ip rgfg?’e{ct %BE\R’&DAIOILG $Hhe power
pchanized I bne embodiarnt thdpdwérslopecietezdadn mcuatry a1l degect an
[00168] In one eggodlnent as dlsclosed greln s an,
aPPRnENGRUSROTST S PRgln opermbodimecths santroldaer gludsygircuitry to
a I |

S8 R ehe Bt ?E%ﬁ%ﬁﬁﬁ%ﬁ%ﬁ pRYe ARl SL B cbAdl loop
ccafrmdetsr oth drcbqyoaseshangeansd éhe wiltageichanges m datemshiag the

m$ between the first and second nodes under contro
ofw Hing GeRteohS1gaki r cui try, and wherein when the power

e§00180f OrInQReleAtRdirhéht fasidi§cidseBERin is a system comprising; a first

node and a second node; power transfer circuitry to transfer power between the first

and second nodes; switching circuitry to control power transfer between the first and
second nodes, and a control loop including circuitry to detect power changes and to
control a duty cycle of the switching circuitry in response to the detected power
changes to thereby control the power transfer circuitry.

[00171] In one embodiment, the circuitry to detect power changes is at distance of
more than one meter from the power transfer circuitry. In one embodiment, the
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the control loop controls the switching circuitry to
seek to cause the power transfer circuitry to transfer
W bh@sporser at a nmagnitude to cause a power SOUPCEUSI08/001592
provi de a maxi num power avail abl e given conditions
beyond the control of the power extractor. [00169] In

OF1EcuRtYP fld €1EdR 'powbh&)a(ﬁgéﬁ arfd thk POWet RadsEdsrcRiOMire GhaB&Bmon
analysis circuitr é o detect power changes and provide

aca\inethImenecankadiment, geapowen changss aesedefermiradghrongh
V@%ﬁs%ré}{lérﬁ otfg%ngl ttlmi-)s‘ii Sne PF Foll%%nltéé ?(LSI (hn%pm t?l? r?ql éde in the

cpowératansieg eﬂbmtry,noan eh@meﬂu figdy. In bicerfBottiment, tHeQidntrol loop
further includes conparison circuitry to conpare the

siicludrs & §igpalrgeneratasitg gameraietarpignat f g wsed én thelqoatelliag@f the

t | | t

PR B RO, B 308k GRSt sk Soupia
etheditstmaidt., Intdhe eptbodimahathg syaaalfushe icdludasiatloyd coupled to the

i nclu ges power sl ope detection circuitry . to detect a

peskand 8pdsy dn gne eROGimRRY theRewsa dransler giruitgyHisdndes afirst energy
t G&s}f'&v@ﬂ'cuﬁ lcgﬁ‘raec%tts (flltlé At ﬁ!f({ectﬂ'c%ﬂﬁ%(ﬁlafﬁrﬂﬁfe? %ﬁer@ﬂ a second

i nst ant aneous power n one e
cerrdrgyotraxhaﬁmp:mcnit Icudmez:tadl tbd;hn $acygnd nocbhelbe:ohtlmouslytteagsfer energy,

c S correspondin t he power c d_t
i IS HiatoTsT 4 asfisctront sorm@ﬂ 2B i anchgecond
gg a&éifél‘lﬁh%ﬁlté B (ﬁ?&(ﬁﬁlﬁh&éﬂﬁﬁ&lﬁ%ﬁéﬂb meﬂgeéﬁQHE fifdt and
S|gn [00170] In one enbodinent, I'scl osed herein

| secamé ymrgyrtramfpr digduitg.: Inaone |errﬂmdmﬂm, theswHcleng oinchitry is to

o\ Tt 8 a0 el tadhest Ao B REAE encrey ranstr

cw&mst dnd 4tQ 6@ hede RWeEn ﬁkaﬁ%ﬁﬁéma@w s&oha Rnérigy $ansfer
and second nodes, and a contr ol | oop i ncl uding

CPIFQ}mStry to detect power changes and to control a

788 IF ot st Mt . S Gf UL T POPREshE

prigsferting @aﬁvef atCd ﬁfSUh(EdeYthr({L@ﬂ:bBMer {rﬁnsffé}&nfhﬂh%dﬂorﬁ%ond node;
the circuitry to detect {)ovver changes is at distance

ofletRging ROuER Cbﬁlgeﬁ;elflé‘r 5t BAde abonssIlon, erealing @pwitching control
t
CHREHhipoh 936 FHRALL B0k B, LAtk ol S B g

acamrorewitclosstia Irefspbnsel to tlmafmvmﬁmgjwmm sighdleambmedulating the

changes a deter ed throu asure nt of signals
iﬂo‘ﬁg é“tr CHﬁ‘é‘tréff SMRFIHQ B‘Efge FloPIgg oLt er?“tli?éeffu r st

NAA73] N hife F&%leﬁ&ﬁ Rk @5v1t€fu'h§ 'éir%]ﬁl)ﬁs 01Q=."atédrbyt J?)?nparmg the

second node. In one enbodi nent contr ol
i seitchdes centwil gigakl wihemrefictance mggdn br mesermbcxingmatl, theanétbod

Tt Mthides ERmFria afifs Sepidfed i biedl Ectipt s ishingecontrol
COIgRAIETh drfe drhWodihEst tHRQASs sigrihl Y\Re8 iP&dhtiRthe sitehing control

system further |ncludes a |l oad coupled to the
signal in the first mode and in a protection mode. In one embodiment, the modulating

of the power transfer circuitry is power provided from a power supply coupled to the
first node approaches a maximum available amount given conditions beyond the
control of the power transfer circuitry.

[00174] In one embodiment, as disclosed herein is an apparatus comprising: a first
node and a second node; a photovoltaic power source; and a power extractor to
transfer power from the photovoltaic power source between the first and second
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second node. In one enbodi nent, the power transfer

circuitry includes a first energy transfer circuit
weorseersed to the first node to continuously tPERESM®NS/001592

energy, a second energy transfer circuit connected to

t he second node to continuously transfer energy, and

afodes] whéreiai thé Bowaedx@actor,aRs figst nbdd, thé pove&@BaEeEshd the second

between the first and second energy transfer circuits

t Bodej ase eaahi paotonf4l sjngle integrated sirevigyy bet ween the first

a 0 ener transfer circuits. | ne .
o o oRE R R AR aF L SteR P peke B Mgty agy oo
Viphpedgfce dfith@pdher ¢k traode wadtanesiiput ieipédansé offh@d power source. In
internedjiate energy transfer circuits, and at_a fourth
nefeerpladiment, thecrawer eximeaioris epenatedde serkdodraapligy a magnitude of

t f [ ' i . .
PODRIRE Bk Lired QRATE o0 SIRRHORIL: o Bl avaia
ppoveer giveracdniditiins begshdithe oorgtfol RO\WRY pdwerRsfredto il 6h¢ t Iy

to a(gecond node; detecting power changes; in a first

nefaRodmenp drcanparntuscieher ipgludesuihindiods ané adewth sedgaasecond

i 3 : r

PhGERARRS onh s e IS LB PAYGE: SRABPR ARAS AP fom the

t seeosdphathiolgicpow eralousiedrealeenahe thirkindabimly nd des, pheein the
transfer circuitry through opening and closing of the
sRPYEHfE&aciops ezéqm% nolrige BRYBETARECR and the foysth Beie e cach part of
Sh gaahd 's_ﬁltgFer if ePYir GATRAE NP tHeRBc sl 4nThidh HOAYs R j[$ined to
signal wth a reference signal. In one enbodi nent, the
meachadhdrur t her i ncl udes generating a bias signal that

TSR s 0 R b
t REdeS Wiskond M8 de,Athir@nodé, 3nala folirth A8ad: 'a{lﬁ g ﬂnfg wh €xtrdttor to

a protection node. In one enbodinent, t odul ati ng
ofransfer fpsirawer batvedenthe first and sgeond npdasanclpdiog ipodding arfirst

S0y ARG g 5 b PR R o pover

C ctiiniz@ landl¥sit bieciWes déte@tibtgiovedr lcharides,Yand [VEteidkthd first power
one enbodi nent, as disclosed herein Is an apparat us

cFRctaytrRgstess the fisst PRBGRatinagnitidet batir atlsastppartially dependent
b {}%V&kéc?édcﬁrgf)#@’('er ?ﬁﬁeé:e(g’ s PR(? @@\;/ere&tt{a@t%} & trhffer second
rom photovoltai €t p

transfer power OWer source
bpdwerchetw e the ktdtd anidfoash aodexideladingtpesddingtdvecpad@irrent to the
extractor, the first node, the power source, and the

s ofcndaphereindhe 12PRd Bpwsr SiPiglos tchudeg seqoad power change
Chldtiid cirduft®y] fordetdd? sQBRd PBRR Eﬁlﬁl:gk ahd% f d

ext r%gcl:t cc:)l}r seeﬁs et 0 rsrat ch™an |gnpu T’mgdé]%gégﬁol}e Steﬁ%n power
pexteactattansfetsthe wédond powenatpnagritdesitiatare af leastepapoallyrdependent
sour.ce, . In one enbodi t he power extractor is

t
o g deteeted <8 EW?EF@G& a magni tude of power from
a[mael SlAWnemibdaindnd A fifshRal Q\ESuphdto GRe RIcONd H6& #hd the

maxi num avai | abl e
second node is coupled to the fourth node. In one embodiment, the second and fourth
nodes are connected to each other, and a load is coupled to the first and fourth nodes.
In one embodiment, the apparatus further includes a first power source coupled to the
first node and a second power source coupled to the third node. In one embodiment,
the apparatus further includes a frame to hold the first and second power sources and
the first and second power extractors. In one embodiment, the first power source is

adjacent to the first power extractor and the second power source is adjacent to the
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power given conditions beyond the control of the power
extractor. In one enbodi nent, the apparatus further

WO pBoeEs1t a third node and a fourth node; a sePORUS2008/001592
phot ovol tai ¢ power source; and a second power
extractor to transfer power fromthe second

PdRbRY poWér e traeor Tn A e odigiontahe filke ﬁbh'blr &ktrltdr iPserdted so
nodes, wherein the power extractor, the third node,

t fhat igahdgasisengrede, fefinshpowes aximctapereks feimpedangsanatclpvith the
Lhal g .i.n r i j ; rein the second

“SPRA RS i B AR RS BRI B EERRe moce,

othe sedtind Por bxtratgordield to S@Pedidice mutdtswih tlaiNeast ptSwer source.

con?rising: a first node, a second node, a third node,
209178 o R oRe prbedimany the appasatupBukhier weludse 8 gentrad station to

t .S f. LI j .
SR oo EORBE SR SHE SRl Bollt Sl 368 mbodiment
sthe eantral athtion dnglsovieprevidetifdrrhatici topthevirst and sevohd power

i ncludes first power change analysis circuitry to
detECtors.i r st power changes, and wherein the first

p ext . . i . t < e
AT AT LA TR S B Sl B9 Geflcompripg i
t pevetsberct add hisesindpomer salraggeirst aodt, a saoad nddganda third

extractor to transfer secqond power between the thir
PRI B ErSt PONSE BEIactRY) °88P1ﬁ§ %mﬁr@ﬁ RRYYSL SQWEE Hough she%trst node

1@ thdhSfel BHWENTORAN st FerWDEIcE itlﬁoﬁ%?tlé%@t‘%d@ Ve second node;
extractor includes second power change anal ysis
candeauseconyd poweretxdmttos ecuplet] fpathe seand pgwst samce thiharghithe third

th t t t f th

e A8 AP0 SR nowaE PousE il PR HERAERS B second
t Aeied @herieal fiss coRehtIRME thelfdNgiRPer dxBBdtErds othbM with a second
enbodinent, a first load is coupled to the second node

afiTenk Fogeidhe second dewes extmpirad theghird@ofeurt h node. In

R S R T

f forretei egitht @umbihed dlistsandlsBecordecuehedindztemBdd@ment, the system
agﬁar atus further includes a first power source o
cButherichudes afraperte whighyhe fixet and secandpopsrsoursesare eigidly

. ; ' .

DAt e et 1 bl PG FERAEL F Bl 1b Wiy he first

amd secahpbwpeaweurcsoandthe fasthndisecdndrmiwen ritracoms ek rigidly

power extractors. In one enbodi nent, the first power

sHPCE- i s adjacent to the first power extractor and

t {1918 5CONH 0RO WRIbodENE Ghé BirR b RELBtrdeRr idIFGRFR aBAEH: to th

e!??r a?t or. 0I n ong errtl)lodi rreﬁt fﬂbt he flrrstr power i othe

efitst pewen souscep et thesccand polar extnacher ib pasitiomsdadjaneat to the

the first power extractor,.seeks to inpedance nat

V\ie(cRn(i B%W?IP sou cep e lﬂﬂ'd&ré‘?ntt ﬁréaxggglg pﬁ&f\%pmwdceg by the first
WéGxBhctop déRadSAEEast t pdHBbn tRarddterli RRS bf MIREirSDstRver source,

the second power extractor seeks to inpedance natch _

witidan gieows ©6 new ponterided by dle sqcond payen extraptor depends at least in

gﬁ%f Iglj&) ?}R{}%ctertigl%s BPRA LR }Io%etr Iggﬁrcie.%lolﬁg Ehbddihteh ,rtﬁ!a first and

second power extractors selectively transfer power from the first and second power

sources, and at times the first and second power extractors do not transfer power from
the first and second power sources. In one embodiment, the system further includes
additional power extractors to provide current to the second node from additional
power sources. In one embodiment, the power source includes at least one of the
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obtain information fromthe first and second power
extractors. I n one enbodi nent, the central station is

W@k@e/0939provi de i nformation to the first and BEDUSH08/001592

power extractors. [00179] In one enbodi nent, as
di scl osed herein is a systemconprising: a first power

SRloG/engd PpHlo B VERE O NWind Poier, S de€gendpower BendtHAE, a Battery, piezo-
second node, and a third node a first power extractor

C@Gﬁﬁfléd‘}tdéo'@hétrfcb thermpennple povgrseurchs andyothenwalile vatiable power
n 1% wer fr mfirst power source through
Oq&fets OE{H%e%ftaBF HEVEEE %raesnode and a second power

emnm;]t 0rn ©ad pndddintent,tRe SRE@N GurfienerichsdRy hGenfrdllsGi#dh to obtain
the third node to transfer power from second power

sifieraation fepay thetfiat andi seepnsoppaver exirpdosselnone anehpgiment, the
V\&%l’h%l at"ilorf fsrafs{o t8 %{6&&‘& n g&%&ﬁ? t}# rfsl;IISt %@%Eof&éﬁd&%‘\ft&{raaors.
i S co I ned h second curren rom the sec

P@oeE83Jex tih @at embadinidhg, dsldigctbsed dereir] 9Q@LYEEml don®iBing: a node; a
enbodi rrent t he systemfurther includes a_ |l oad at the
SEOBR QT ROWEr Y0yTGeE AERYERY infdTaReINA @ETPYR R PoAYRE e Bagipr to each

t
SRR el BE RO, Mg 1\ PUSLEIIS B aode,
S[0184}s dnentiegbdtiynenythé power erxtmnmrsem’e &d¢h‘rpcmuortehadj acent to

system further includes a _frane which the first and .
é&‘o@lﬁ BORET 0PIeE R %lﬁ&nth?élm?r}tst?le RAYCEIGERT 2poRkgtovoltaic

ef%v(/&cstoﬁfc%s Gh%nk 'eﬂfbghﬁ‘néh? Ut gﬂoto{/&% BowlisolRRs are Cjmels each

nmbodi ment, the first power extractor |Is position
anlqcmdmg mublpllmphdtowﬂtalqmnl\lsr Insmgreodbodament} the phetowolthic power
power extra 03| t.i oned, adj acent to the second

p%q}dé?esféﬁ?aé’g atﬁm%ﬁg ARKIRGESE . an ampunt of power
Proeyssied 1R¥%nk Rebbiintdnt AR¥EYst& tﬁ‘itﬂfér PiclelRRaB8Ri0RAl poRAs Sources

in part on characteristics of the first power source,
aprtanged amtherfraned, apdwéditipnal potked extyactore elostsisally poupded between

CHATTRL o 5L R St

f additiordi gowecONcRPYEe ¥l pexificted adpicemitb \oﬁé )sz theadaft®hal
power fromthe first and second power sources, and at

t PONEF SoHEces- Inopne sapodiseanidthe awerpr estiaptpey Fidscagesspeiding ones of

hlh%g% n@ﬁé@sraré %éy%eﬁ ihﬁvﬁ}tl urt eeﬁglﬂg og@;errﬁ)%ld{rﬁ&ﬁ, the

i'nclu
apiekivér extrattopoaercoeveb paaling sower spuiees aie joined egetten Ihloae
secg%(?l node from addi ti onal, power sources hi one

ISRt ¢ %ww\maa@mﬂéémﬁ&%% POIver souIces e jgjned

E&Efﬂ%ﬁ@laﬂ&ﬂeﬁ\é@hﬁaﬁﬂé&l wi nd power, a hydrogen

po r generator, a battery, piezo electric,
hj#i86k| dotonk cmbbklemm,dha pysterp duwther sSmiludes s @ntialogdtim to obtain

Bl SE e BoSty SOMLESS e A0 el ML ARLE

f bdritfA btalibhe |sUdkRStoHréAAE rdFbmedtdhite thd SrsPRPdeBond power extractors.
[00187] In one embodiment, as disclosed herein is a system including: first,
second, and third nodes; a power source to provide power to the first node; a first
power extractor to transfer power from the first node to the second node; and a second
power extractor to transfer power from the second node to the third node and increase
the voltage of the power at the second node.
[00188] In one embodiment, the power source is a photovoltaic cell. In one
embodiment, the system further includes a transmission line between the second and
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information fromthe first and second power

extractors. In one enbodi nent, the central station is
W@k@e/0939provi de i nformation to the first and BEDUSH08/001592

power extractors. [00183] In one enbodi nent, as

di scl osed herein is a system conprising: a node; a

Othixdmhodés. PRVEE enbodiaRAt, Mid ARGRE furtheRinkc[vle®; foarfill afd fifth nodes; a

group of power extractors to each provide electrical

ptsrenrd pewen sonrop to peovide pheergo e foyghnedes atbird pewsberdractor to

LB ool BB PR R g B 0 850 BTG AL BpPlcractor o

| fartfie poRiee offethk fiftthede Quvitie thifd h6 86 aril cR¥ASY thé FbltageCof the
power sources. |n_one enbodi nent, the photovoltaic

pRAREST a e f¢fdls nedes Ipbarmeprgbedinent, th first angl seaend paveer extractors
pﬁ%‘fﬁi‘é‘?ﬁ%&cg ?rutcsnin nQHE e%%g&%eﬂﬁ %e sssfsns?rlx further includes a
phot power ch "a single

ovoltal C urces are ea

péedital sthtied © obedih infofdtedn] frém thefrse amDsicoBMpowbhetractors.
system further includes additional power sources, .
ahﬂéﬁ%]e d Ingne gmbpdiment, agdisclosed hetsituis asyHem @RnTishig, AR energy

SIS thAbbYideO P L NG AREH BYERe Y arldBuAL Utk Bload: a power
power sources, respeciively, an e ™o €, erern the
aebdractorna trapeferepoveer bearadenrtke eneege smintcqoari the toadgdwherein the power
adj acent to.one of the additional power sources. In

OFfETACHIS SPRRE RO e & g@ﬂdﬁ&éif&?@ﬁéﬁ*&ﬁ%@%@%ﬁa Png
S@iﬁgs?glp BeROVE hoRer ifRBe AhA vARAGH gb%ér BraRt R JultguP Yoltage and

rame. I n one enb power extractors
aogiputorurespaedinnggupdeder sources are j oi ned toget her.

D88, o TS SFbhiin b, 1he BStray s0uES tnclidedfdessgpne of  stable
t &[e@%‘)?gbtﬁ‘& SasisB 1 @Helsy @urcd BPIROIMbIUIRREL, the energy source

enbodi ment, the system further includes a central_ .
singlidgs onoonors of 4 selas pewer spures, artidahpowérrsourcgnalpiezoelectric
second wer extractors. In o enmbodi nent. th
CBAPRSORREE v PO Rorer, ¥ R HET BRM BT Rt A Bt coupled
f héad bowaroe] asfaelodell, P BXEdry fontd laER énerdydébLPlihg! N one
enmbodi nent, as disclosed herein is a system i ncludi ng:
f [00d91] s daorg embrdineatthe gRIEY sOHCHAlirsEengrgesqusce, and the
PLAV iqr : [ . 100
et P Blchldds b Aol lr ) o iR W prequlargg source
secltapd and deyrcanvirent Slamednfimdanert xthe aedond eherglyrsamst ¢y a

r fromthe second node tq the third node and

8] 0) )

i @éﬁ‘a&é‘/ﬁe ey sgurcs thandhe pergy spyse.da opg gmbgdinent, the
[ . . .

ARy ORI Ik ) RONE] ARYERE o er o

f mordef the ficst adéd secntl reaergyisssicen [h onecinbodiemnt, tthelogic

second andthird nodes. I n ope di nent, .the system

r P el FAS T PR GO the HiShaRGE ths Eeeiirmaerey sources
PBAVRH aBRUSGE phi? oRAPOwER pRIVE bf tHe 164 If 64¢ ERbEMARNL, Fhe logic
third power extractor to transfer power fromthe

f dynanticalboadiusts theendgnituge abprwerdragsteried fironhthsdietrand/or the
CLdchRE Er%rggl Qources based at least in part on a power profile of the load.

[00192] In one embodiment, the load comprises one or more of an energy storage
element or 2 component that converts power into useful work. In one embodiment, the
load comprises one or more batteries. In one embodiment, the battery is one of a lead-
acid battery, a nickel-metal hydride battery, a lithium ion battery, a lithium ion
polymer battery, or a nickel-cadmium battery. In one embodiment, the load comprises
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transfer power fromthe fifth node to the third node

and increase the voltage of the power at the fifth
woo@e/09715m one enbodi ment, the first and secondP@DuE2008/001592

extractors provi de i npedance nmatching. In one

enbodi nent, the systemfurther includes a centra

sbid dfodcdpaci®dt! @hipekdabaditor! branfukl &N, 1h6nd émBddiMest, the power

second power extractors. [00189] In one enbodi nent, as

dexfeactss darthes dynamically majelres impestapes of thg energy spencgyin one

S th rQvi de n_ spnregul at ed .source v.oltage a

S Bb At ey B0 AR B b AR i B e 1oae
PhVGie distotasnt the spstemmBirtheiheladéysh éd&e%l utce ddeXiOh Rircuit to
the power extractor transfers power with a magnitude
atdepidfynosgihlerangray\soyrgse aeremed torthe pewar exttastes! y

d d [ i r. .
ofIBF JRAAE e, AP it S PN BB Glircuicry

[ Osuipbed with ties vestleRethdtento, mirnage eiet g fes off howet RGMUHE Energy
at | east_one of a stabl e energy source or an unstable
ePReR todBe faad. Inygnegmbadiment; theprocessing eireiyy cawprises one of a

| > r . .
BiCrBERC R0 ool Bt By1B B larUFDGRY, rfdCan ol specific
pintegrated circdt (A£SITH clhaomecatbodiment, the system farthdrancraddsy
coupl ed. heat source,. fuel cell, ﬁ batngﬁﬁ, or a
kPWé?f}t%“%’rf‘é%‘v%@&b‘lhﬁﬂéys GPOrafiong stites o BP e fxtractor. In

t ' « £ : t :

Lo EMBedincRO WeielehRioh drEkig MR AN ROWHECond it SHpgestions for
pthe\system banedion thgudpatationslotateeofitbe payer ewtchctoouiname embodiment,

cyrrent. one .enbodj nent.,, the second ener sourc )

el i b e GBS gy L o Een R P 4 Santr station, the
e BRhANInFAH6E Rrclddih OighsRITRASH 6@€km&x?%n§¥§ée§ﬂbﬁ Bf tdifiguration
includes logic to dynamcally selecf to transfer power

f managesant ofomationof the first and second energy

S . 4.n _one.enbodi. nent, the l.ogi.c.dynam.cal .
SERAGEE YR R BERAH TR oot R IR G proceive he
S powarckxiactod Yupplied dasctasdt &id dpekite 4 BinBVidal Qltedating current
power profile of the load. In one enbodi nent, the

I

ggmcthgdiraet cugnenty Imene emBodimentyihyriny erés setsep anpertput frequency
t t ' . .
RRALELAES it O U et T SRSy
t Hertk baskd dndfid 8aiput frequeacye rdyaitenent of thé bbaldoldbne embodiment, the
cgg}ér i ses one gé am)r e.of an energy. storage el ement  or
a

RfofraRTates At alaneing wrpspiwithiafretugast i Hety hased pn one or
ORRr& PP FEBRE conthfl #Dapﬁﬁetm dwifch c%ﬂﬁg@rrati&‘ﬂrlﬁ one e?lbodiment,
odi ry 1s one of a

batteries. In one e ment, the batt
| dwdavérter paividasythe sinnsaidad laltametatihg byrderit dea woltager In ore

lithiumion battery, a lithiumion pol ynmer battery,, or

- clabudend S yierienss ph ontpibx kel HEhant Of e sk ghd

C gBIrAte SR Rfeiatifg C@PE Wi the BufuP 616 MasddWn thelbufbut voltage
fuel cell. In one enbodi nent, the power extractor

f taquirementyofzhe toad] In angtepthodimendetiannverisf gerteratenbe glternating

S Q& at !h% v%ﬂgge based on one or more of a software control parameter or a
switch configuration. In one embodiment, the inverter provides the sinusoidal
alternating current at a voltage and at one or more phases. In one embodiment, the
inverter senses a phase requirement of the load, and generates the alternating current

at the voltage with the phase based on the phase requirement of the load. In one
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enbodi nent, the power extractor further dynam cally

mat ches i npedance of the |load. In one enbodi nent, the
way®Bemspurt her includes an energy source det eR€T/0U82008/001592

circuit to identify possible energy sources coupled to

the power extractor. [00193] In one enbodinent, the

syrabediinkts, tHieinvérte Igenl@atep tcARemdtigg Cufrent dt the sHaEPbaEd on one

with the power extractor to manage the transfer of

pereererafgrrofinareerantig) Pafametes of @ switeh configuratipione

e ment., [ . of .

SRR = oo BRGSO Ml SRTBELSES oBBriShe:

( &deiphing haritvaadhaning intatice hafiyese to seléctivelgroatipld t6 bne bt fnore

(ASIC). In one enbodinent, the system further includes

prrsEHated cnereyispwigrs thpt ¢achpreNidest inpat nomeT ahsaureFHarent at a

/ . ' t :
LA L S Wl DR SEDRAMTR e
scggpbstol aeor nture 1dads sy piogidemamgeguated eutppepatdram te loads as an

status of the power eEtractor. In one enbodi nent, the
SPLPRIRUTFAT M QURY! YHAZS OF RH#sUPYeYoliage at an output current; or in

c > at. i .
COTRRAGH oA pBb bt oRERl bty Th 3cehty ik Wb power, contimyously

r deteqital porwen changef arglpravidetheeutpyteposver withf omapgtitusle.at least
[00194£ I n 8ne en‘Eodi nent , tgg@sly tem further includes
aPerfiRl e Aerenden; andpe FRAUINUARSIY GGlerted POMSEERANES uppI i ed

d{00896] CUhloRR enModindeRahatful coipling HaflflaréhhEmt@tacd Hardware to
current fromthe direct current. In one enbodi nent,

t $ededtivelyrqouplesmargyssoarees thap providecsat leastone efglifferenesouresf current

t he,lwad, and erates th lternating current . with a .
£ PEQiEERRY sfties gFEe o pfboRisnSisy b mp et Hitrireuttry ftovides
I @}WuERAPBIePlvith ABlcafiashe of diffdientuBAM iRt or [dferent output
inverter generates the alternat |tn&1 current with a

0

f veltpgere ditferentdoads. aanenehpdimentothe gpparatys fertkesinaludes a power
S AP O Bted S0 TP AHEOHRRipdfy Bt votae

ahideoutpht du@reatifor eadh lohd awivet tigmwdr frafster eirdudtey pRivide the output
the inverter senses_an output voltage requirenent of
t RRWergadccdancgarigh thedead prefilg efdhe laadnlg engrembodimgntythe

tr E&%a%%h?ﬂﬁth%?t&?%gs P grg.gg:eﬁ%r tdGmhRihe WRH ?ﬁréote management

ui renent o one enbodi nent,
i ety iacludmgesendiag stahs iafdrmatian ambreceivingnionfigutalien information.
vg{l}t age based on one or ﬁr aof .a.software control
oI SpfETRROBmeRt, g PR ASIPTGer g RS, an iRgiance controller to
eﬂ?@cﬁ’ﬁi@”ﬁw cortfo® tHeMfpelfice BT A idpSt doiplisg AMARLAAINd the output

alternati'ng current at a voltage and at one or nore
pbeupding hardveare tembtebithempedahes ¢francanergy soureses adoghase
rEeﬁgui renglnt of the | oad, and generates the alternating
cIPPERYRt the vol tage with the phase based on the

PUa97] € oneERibodtherit digdskel hefMeRMIAEHER M a ﬁbw@r transfer
e

inverter generates the alternating current at t
p PSSR LEHISHIR: Hee61ViRE Fpmea RAWE sgurce W uaregylatgdojource current at a

PELAEE {/cﬁ[agg,r id@nt?f%r}gccnleco(%%&rg lf&a%tsf c?é?erminjng a power transfer
management strategy to transfer power from the power source to the one or more
loads; and transferring power in accordance with the determined strategy, including
transferring an unregulated output power with a magnitude at least partially dependent

on a continuously detected power change.
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[00195] In one enbodi nent, as disclosed herein is an
apparatus conprising: input coupling hardware having

WO piosndEee hardware to sel ectively couple to OPET/U82008/001592
nore unregul at ed energy sources that each provides
I nput power at a source current at a source voltage;

Ol00 98] Canphé eﬁbb@hﬁm recdivin B urité@il4ta€ Sodrad e af e source
sel ectively co (g}ée to one or nore |oads to provide an

uyfliage lﬁaﬂ&a inpligest desesiiag ong of MOTe pawer sPurees; andtselectively

UGB P BRSPS e, o ARt

t ¢ipnstg wittr¢ifi Whd powdrandgemest 1b5ie dlyﬁﬂﬁtcans?’ﬂ@]ﬁlsts the magnitude of
contlnuously detect a power change, and provrde t he

oRAVIttransieied fiomhone oragRATetneIeT seurceshasedalrleqsain part on a power
he continuously detected power change.
F}grgﬁzed@fl%%éne enbodi ment, the input coupling hardware

h91991t erlh aae cmdodinene deterﬁlﬁihﬁg tHevmiwer Grangfeemangde@ient strategy

s urces that provide at | east one, of dlfferent source
incldegfeteanighie AR E £OPBIMRLi, ofigilogghdn one embodiment,

e r v

SRR eS8 G B e

cprofibnef the 1achidf Ineorerdmimdipent, detbmagmgttbe ;io\fvéretramfer management

MR A e ——
Dﬁ&{zéﬂ ®th rﬁ@@pﬂe%tﬁﬁl?fp‘r&\ﬁélng%%ﬁd lggd%hs%‘ bRHle determmed

vol t age and out put cufrent tor each | oad, where t
peaveer disteibrgticar rubd. e an¢ embodiment] erantferrmgtpmner rﬁxmﬂmr 1mcﬂludes

accordance with | o rofile of.the

CEATRINE of iode Jg3is R GeRrQtH Ep Hined SBepling IS to manage
t GRPSHGRIVER o tHR 16 /TSR WRAERINhE PoFef HARA nféﬁf‘ﬂmiamlcally
entity, including sendi ng status i nforrratl on and

r edjesty th@gnmﬁlrig of pewerrtrangfesiedwe therpnelon neve loads based at least in
a t furth i;ncl S
: %pegé;l a 8&8{) ér to‘?l(l) ﬂﬂe? aldgylrr} one g%bpgmcl:e xﬁsg e, Oéi further includes

| cpeaanicatigy totdremokPhangnnt Brglta aiforAsteonaRThtéd® an operational
out put coupl [ ng_ hardware to match the inpedance of an

eHatugpf the Hey yatem. e ope empodiment, [tmmgtrqod Ifprtlagsdncludes
erRag] 5m a%mg{esxﬁbﬂa%@gleﬁgérﬁfty1df3n§atf5§%rglgféd'tQ agg\e&%ﬁ of the

trans system conpri si ng: recelving
smwaermfeumaaggdrmmdtrstegyce current at a source

vol e; |dent|fy one Or Ioads det er m ni ng
p@wéﬁglt r JASPECMPRA tdlsséqss@ EFFITY 1§ 3 ARPATARS ca@néﬁmg a first
f A8 4nld: JREMRT nfeY &?@a ggw&h&tﬁe%r & trﬁﬂ%{fﬁ go%gﬁetvﬁe@ﬁl dhe first and

transferring power ccordance wt det erm ne
smcandagydesr whéng thg pbwansvftactqrmgplades uhteegorﬂl aredtrpto getect

power W i tude | east parti.all endent on
Pt er MR erE a st @RS afHistatRio D ien camstols to be
%&&bﬂfﬁﬁﬁh thﬁ@&ﬁh?hﬂ%ﬂeh&dé%ﬂ%ﬁ&@x&@étbﬁi@ dSHATMRAIly changed

at the source voltage further includes: detecting one

ot Iggnaase e dstegied powenplirnges worppyaach matching a first impedance

outside the power extractor including an impedance of a power source coupled to the

first node.

[00201] In one embodiment, the input impedance of the power extractor equals the
combined impedance of the power extractor and a load coupled to the second node as
viewed from the first node. In one embodiment, in the first mode of operation, the
power extractor is to be operated such that an output impedance of the power
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coupl ing and decoupling power sources to nmanage i nput

power to power transfer circuitry; wherein the power
worewagersent | ogi ¢ dynami cal | y adj usts t he nagnP€Ttis200$/001592

power transferred from one or nore power sources based

at least in part on a power profile of the | oads.

[ &QA2RF i dyranficAIYRdEhFRITh.reshOhSY 131thé Btedtb® pPR¥Ehanges so that

transfer managenent strategy further includes

dendsr peme igdsopdifiens tewuitnybtmperdasee af the pgwer exteagtor approaches

e | 1ren L 1 ni.ng. 1. r ns ti;0n. of th

R S e Al R B o tiBgance of

| hedoad ddupled t6 rdcomioded B @idenibddimbMethe@wgsut impedance of the

transfer managenent strategy further includes

dRVEST PR HREIGT edysinibe cambiner papedance of the paisF extractor and the power

t rJ: r .

SR B0, BOWEhe SATRA BRES 1EDC GBRBLL h APk Uctiletor and

dihetloddaitt ieash dutside thernppaansnhostiersmiodithemntikapparats further

power further includes: detecting one qr nore | oads;

agludes & first sennectas hstwesg thepowercyaplyiand thopepeergytractor, and a

NEUABAE cSHHePIE bRNEER tﬁe‘clpJa%‘? ek&é&f;ﬁ' arf e YAAQI ﬁkﬂwﬁél%in the first

power managenent | ogi ynam cally adj usts the

nagpadangta ncliid ggoaeimjed ancef ofitheefirst cortrieetoo ard thie sewomgd impedance

| pads based at |l east in part on a_power profile of th
| B8 P_apm%n@ﬁsﬁﬁaeﬁemd ORBeGiRR Hganer?m efp e mpedances
CORTE dndlsbfhdl @BnAedtGRSindRAARGAENT entity

information related to an operational status of the
pORBO2L r dnoheembpdinemt, ihprantice gretioputrimpedanch éypiedllyatbes not

furth i ncl ud I Vi t

e e Mt b Gt b BB PO ARCCANP Y pRsdance
t %%R:%ﬁ? doBPRAPRERIM y SlatchitBE npdddRZOSH thé ba@Nbut the dynamic
enbodi nent, as disclosed herein is an apparat us

compersicad toward close masdengeidthe ipedaneesn buene emlpdiment, when the
p [ extractor nsfer .power tween the first.
R AN A e SRR E R R B i Bt anc

dfitse dhpedancdsraeel edseitidlly kel rep@ltig irCthe POGLr sdiree providing a
wherein in a first npde of operation, the power
eTRKERYB POWET #ypilghle ghwnsgoaditiong heyangithe sontrpd of the power

REAAACH e SllDIRAUR R HLURPLAactch IR GRLINY 1o prevent the

In response to etec power cna

apewedtdm saiyity a1 lacdl ipos/er magiatian aewbich ind e f tHegpom@nehanges is
extractor including, an inPedance of .a power source
cBUBI BPIESHINSRH e RWST ARSIt HTRCIRET AR SrEpRd mode of

t Berhtiit WHidPR 4876Rc@dn 1B8e RPWRICH #id fngé‘eﬁigﬁceg gﬂﬂgﬁ(ﬁ (I)ﬁa éhed. In

conbi ned | npedance of the power extractor an
couptrebodimenty thesioperahaes dee matchédewahiovt regard trevdliags or current of
' t, dn.th

node. | n one enbodi ne fir de of

OB EPAET TP HE BURL POt At togtt regaf o e P ugtent g6 load

t Bailpl@itoQHé Patbond NBES) A en Bértdik BalameRI€Xt ractor is

dynam cal | y changed in response to the detected power

ci/ﬂﬂagé]s dlo ang gmbodiment, the detected power changes include a continuously
detected instantaneous power slope. In one embodiment, the power extractor includes
a first energy transfer circuit connected to first node to continuously transfer energy, a
second energy transfer circuit connected to second node to continuously transfer
energy, and an intermediate energy transfer circuit connected between the first and
second energy transfer circuits to discontinuously transfer energy between the first
and second energy transfer circuits. In one embodiment, the first energy transfer
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under sone | oad conditions the output inpedance of the

power extractor approaches nmatching a second inpedance
Woisies9t he power extractor including an i npeRErts200$/001592

the | oad coupled to the second node. In one

enbodi nent, the output inpedance of the power

e&td@&h%h@quai@ut kifpedantd oftie poetantRtd? fwith e BeWempedance.
extractor and the power source as viewed fromthe

beanecenhagémentythesecandisngrgyetrnster sscpbmatchex an aetpuyimpedance
ﬁﬁthg nge? 9)8{1%{60? g@%ﬁ? S§C0 c%& :ugﬁef‘(i]agge %@&%ﬁn%%%gd ch‘];pci?(? to the

csutoad hode. ﬂhebﬂ\@&ﬁbédiﬁleﬁt}\t\l&f p@vEkitaebinchidepOMBEhing circuitry to
extractor, and a second connector_ between the power

eBFlOFl'a]@feoYOlﬁﬂE@F atiachird agde betweam thedirst andantermediate energy transfer
nzﬁl% flt Qﬁfg&gﬁ o ét%&gﬁﬂ%qglex%ec{lﬁg aIIJl Eesctonﬁ %Eé}gﬁttr%flsfer

an & seco | rrpe ance 1 nc edance

seicari. haoheenibodimént, the@ombeﬂrmtmclhm switehih@ iR gitry with a
the first and second connectors are insignificant.

[ é@zmleﬁh@teﬁ@t least partiatln depsndepfroncthe detegtsd PpwTchanges and a
: HB%%an Ie og@frﬁrﬁlféﬁ/ed fwer rf?{it 184s? ﬁ%‘%% dg;?etnﬁgntvﬂn tHe hﬁl@ cycle. In

€ po supply,
i nqneeeiabmhmbyp mlmaﬂréquedqeef theswitckiag s&bmtsrmscnctbritﬂmis efficiency of
edance _of bu t he dynam c cha ﬁd
?rdraasgg @n fe(g PRWEE traxps{%g 0 the second

egggglnent, mhen the power changes are zero and the
power is at a gl obal power maxi num the input and
f [00204] ndsdarcebodineentsmatisdleset herenrt Shadippastistcomprising: an

o PR T £ BB B i ep s B oy s oy  bween the

exipubsiddutp \htrbo?t@earﬁl%@ér%%%e d&&tl@ﬁ\éﬁ'EUI%tt() d6dtfHuously detect
includes circuitry to prevent the power ffom staying

apowier dhengespankewhergin the apparatul uweoated &7 ag tesseglohwying an input

fﬁ]? 8 or‘i“g? P?Wﬁet?an% eerrcggggryl Iﬁetnltl %ﬁ({% lai%ﬁ%aglge gptside the power

opefidéd druitiy) wtikrdis th sOingdhide iAEldécs 4 iMpe@ihdedE a power
i npedances are not matched. |In one enbodi nent, the

|ﬁﬂ§@hnces are matched w thout regard to voltage or

OrZﬁgt % dhe %ﬁﬂ‘%ﬁl tﬁg 1r3)tut E:tﬂﬁe({ah{:es &? 8 g?wglnﬁjansfer c1r8u1try

thout regard to voltage ren oad cou
t oquaheths eombihed dm@edanict bf thegiwtenitrangfer craeitey snd 4 maa @3¥ipled to
q@one enbodi nent,. t he det ected omer ganges i hcl ude

SR m’snsawl B AG WEHLPATABANS eHENMeg}. SRepgiyer source
OB% SRR Uer Rl ard &ﬁsﬁ@\ﬁﬂh gct fus Ofn 6:?:‘4 s no%‘ltf tﬁg%wer source

energy transfer circuit con
cemt thepoust Joat mampdrtof the @pparatua. Inenmwmb@dengy the powkesource is

circult connect to secaond node to con uous

© parhoF the SBRERGY o ot ARo B SgyFT ackiep i firs
c béifiiebior 6ORNERA HRA BRI WaEHly a8 thd poWerddsREEIPAH I E RV herein the
transfer circuits to discontinuously transfer energy

b&rsfiimpedanee frickusles an impedance of the first connector.

[00206] In one embodiment, in practice the input impedance typically does not
precisely match with the first impedance. In one embodiment, the power transfer
circuitry is operated to transfer power at a magnitude to cause the power source to
approach providing a maximum power available given conditions beyond the control
of the apparatus. In one embodiment, a load is coupled to the second port and the
apparatus is operated so that under some load conditions the power transfer circuitry
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and second energy transfer circuits. In one
enbodi nent, the first energy transfercircuit matches
wo b@siossat | npedance of the power extractor w PET/UR®08/001592
first inpedance. In one enbodi nent, the second energy
transfer circuit matches an output inpedance of the
PRREIh Eutambedandt tHat seeks aitchind® S€bang empedanbélbitgide the power
| oad coupl ed to the second node. |In one enbodinent,
t Wensfgeancuidty; wheredt thesesanddmpsdancein¢ledasiandmpedance of the load.
dul at & v g ' . he first o
AT ER gRlyef b rbr AR REMEFE ik Rpbrg Slanstercirei
f cutinebted aslimphetiodran cohgnioukgrtramefed trergich seeeeheeer@ysfer
transfer circuits. |n one enbodi nent, the power i )
eSirquitceopnested fo sgeandsngdedn icaptinyouslyi trangfepereigy, andap intermediate
C . .
ey e ol ch AT Lk (R RER B Shg B ranster circuits
t toadisdoatineshspottaisférenaigylbeaséenhe firaalahy setopéd eaegy tansfer
the duty cycle. In one enbodi nent, the frequency of
t HECWRi t ching circuits also controls efficiency of
r r : r . .
P PARD7E A e s Girh R ek e S i Bt QbR a i
entxedindendecombnaties ahds powbieexeraator $o aransfgrpemat bstween the first and

[ : ' t { d { put t;
L FeEhad Bpde; whereln e pWer SHEREN InUus dstsclier fire iy fodeect
apslv &UhaHEesPRd Wherdfitin ROV m68RHES SARIRC tHed whk _EQHALE(SMS to be

1
to continuously detect power changes, andqwhereln t he
apipaatad guch thatopputand dugmit ampedansesedf thewpower axtractop between first

i R PR R
Wedegk thaltdieng the S%pdt RRBERMEE of thelpedRs ebactdRAERA Giest dhpédance
power source. [00205] In one enbodinent, the input

bdinga iipedhrcepyienover aparce coutled tg the firssgodé.s t he

 sbdinen 4 qad
OB RC TPES e Sk oHF pRPUE GRS BlagblsFt b i e

| optplit ipgpedare ofitiee povbadixtractor withe eeRY ingRuARe iadlddinpan
power_ | oad are outside of the apparatus. |n_one )
etpRrdianesf 2 load coppled tothe second made. Ha ope gabodigeat. dheinput

o . oy

28tbeihed SR0ERRGLADNALL 408, BEARR ppkl 048 poysr
appteacadriand fthe ohé ns vieoled dren theffirstsiodepardatht ontpheingysdance of the

t he power suppl nd the paower transfer circuitry, an

mﬂ‘é‘?’gﬁ Stager Pyl ﬁﬁ@g’%@émpﬁma@ therPaWeS safmfér s the power
t Qgpply aSticOMABAT Bk seddhd2fd@L. N one enbodi ment, in

practice the input inpedance typically does not

p[a9208k| yinrpme cmbadinhent fas disalesed iheysadmmcwystein ameprising: a power

R ORI s B, e af s 1 B Sec P B @ power
S extFdeforite traRgTeOpSereBVéi th fitst ARK kéBeHY ROUE! wivrid helpBwer

gi ven conditions beyond the control )
extractor includes detection circuitry to detect power changes, and wherein in a first

mode of operation, the power extractor is to be operated such that an input impedance
of the power extractor is dynamically changed in response to the detected power
changes to approach matching a first impedance including an impedance of the power
source.

[00210] In one embodiment, under some load conditions, an output impedance of
the power extractor is dynamically changed in response to the detected power changes
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of the apparatus hi one enbodinent, a load is coupled
to the second port and the apparatus is operated so

wao b@s/oersger sone | oad conditions the power trapSE/E82008/001592
circuitryhas an out put inpedance that seeks matching a
second i npedance outside the power transfer circuitry,

Woeipptoach Rtat gD Sedohi® R pédace eludifsarbimp sdRR$3TaRe Rfad. In one

the I gad. In one enbodi nent, the power transfer )
copbediment, thednpetdmpsdance of thepawsy exiragier equalsithe gembined
CONRAGH & e AARHLAAUE: b0y FRRBINHANSL FEANRE st pode, and the
energy, a second ehergy transfer Circurt connected tad
seapmdmpedence of dRidwad @uEhdtol BT tRE c@NBINGY impédAnddlof the power
i nternedi ate energy transfer circuit connected between

t gdractor and thecpoyst Sheply ae vigy e feam thersegendaindesin ene embodiment,

SR LU BB ) oL S0 5 Dot

eofithe powat suppby, dhd Heasgphit impedance sypicullgioas Adtysrecisely match the

conprising:. a first node and a second node; and a .
plax?@fia%%&cgféla? lpady l?}‘ttﬂllf’aﬁ(fbg@@t‘c plAnees l&é& {vead vewy ¢lpsegpatching of
afpd i ?gaﬂgegodes, wherein the power extractor includes
detection circuitry to detect power changes, and

wW92#1]n iIn oae Embedinmmtiens dischyzed htreonis ah hppaetms comprising: a first
extractor is 1o pbe operated such that jpnput and output
isecion doeednd fode M@PO‘@% YREIGF too@fp_m@rpomer Betvggp the first and
SQEONIInORIENhakR H¥ B@%Péltfa)éto‘% @@!&%doﬂe&té@ﬁﬁﬁﬁﬁﬁ_amm edance
the detected power Changes to seek matching the |npup

i oftbd anwer extractos ipdyramienlty changed far the purposesif matching

i npedance i ngl.udi ng .an i npedance of. a power sour,c.
CRTRSORACES 10 PUCYS TRYITHgY ROV PTG 0T A hoBRE S Bt the

t BifbaPRietha€i ichasie® o the firét B eRRARABitI6A: B&ohl ehOstnfiél of the
i npedance of the power extractor with a second

| PRRerHgectoncl udi ng an i npedance of ahload coupled to
it L@égglﬁ 0 rig oﬁg ?ﬁlgogﬂne%]ﬁhg sﬁgeg({axqgen&a thE Swlflﬂé;xlf}cag% ieﬂléaés the

ce o owWer’ ‘ex of equals
| cgrekiaed Bnpddahdeoftbvpowexéitaeior and i Ibidad waded From the first
viewed fromthe first node, and the output inpedance

ohoden I opspbediments iropragligethe inpyb ipsdanertyricalie daercrot precisely
R L e B s Pl one. embod ment, 6.

d[002il 3}s e dn loae embodsnent,sagsli o sed hpreirsisag apparpmuseomprising: a first
fee TRV IVE M TR M e A
P BRSNS ot A LS OUEb e Wb

p st impddancresf a powlensoaregiontside ef the apparatosieoupled to the first node
operation,.the power. extractor. is to be,operated suc

CREh e mbeoRiSeR adiid o5l thng. ol RAEH et ag e s
dithisedah@ dhéngésandesen Bs RSBEIHRIEmpRdirde cHRlREt ed power
changes to approach matching a first inpedance

i 9244l ndneneicmbedanend, the pewer yowwgerand load are each part of the

apparatus. In one embodiment, the power source and load are each outside of the
apparatus.

[00215] In one embodiment, as disclosed herein is an apparatus comprising: a first
node and a second node; and a power extractor including: power transfer circuitry to
transfer power having a current between the first and second nodes; and power change
analysis circuitry to detect a power change and a voltage change and to at least
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source. [00210] In one enbodi ment, under sone | oad
condi ti ons, an output inpedance of the power extractor

w0 g00dpemmi cal |y changed in response to the detRCL/E82008/001592
power changest o approach matchi ng a second i npedance
i ncluding an i npedance of the |oad. In one enbodi nent,
t partibitp béntiolaestaneadebf thepopeyBEing Xahsfeired infgsiinSe tdhe
conbi ned i npedance of the power extractor and the |oad
adetostedaei er changhand voltage gbange. and t he out put
[ c f h ' .
| [IRR880C andhe bR AT, B¢ bbRE! Slirell Mol WEIRR M Rine
asirauigwastcdntoiitieli® vee eanstenciesitry;andReitehing don®@sit circuftry to
practice the input inpedance typically does not )
pfaitiad @ dutygcleofdhe gwitphing ﬁg@agmzc@dow ¢rRi@ thepeyer change analysis

BBty pffthet 1P MU InddSD R BRBrelnf Bl i intpheflf e mode,
dyidetrisome karndjdend, dadpdwtanal yvie citcwitrg Lauser tiodpovger afant fee

I mpedances. [00211] In one enbodi nent, as, di scl osed
e iRy F%g%?ﬁéaéﬁ fﬁﬁ%{% gy 6%&}?1? BPWEF changs and voligge changegre both

Sﬁﬁ%ﬁ’in@%ﬁ gbtflﬂfbgre%siﬁg}’\ﬁfd ts)ilgérﬁé;sg gfée? 4@ g Q¥iof ﬁhegp%% transferred

bet ween "t irst and secon eint power
eXtthapewer dhangeisklecrepang andlitheuoltaghetangeais inpreasng er the power

t he power ext.ractor, is_dynam cally changed for the,.
P78 S0 DS AR el VaVEHE DG Enfesiie Bl e diment, the

pE(‘N?ér_ t%htsﬂe'ﬂt”bir&ﬁitr? IRAWEEs SR &fRr Pt eAHE dildBit RBRAICAIIUS the first
that is coupled to the first node given conditions

bagdsrid cohnenmstyrteanster enérgyposesonérnergy transfed] GaRit Zpnhected to the
one enbodi pent .. t he. i npedance of the power .extractor

e RO B Shinif B 108 S end i B BR PRt Granster
asidedih@nneaed Betweer WRfirst £18 debdnd édeddy RAfEer cirdu®

enbodi nent, in practice the input inpedance typically

ddissontizuopsl tasprenergichetwicemtherfisst andseeandensigy transfer circuits.
PRV6ile &Hlpcﬂii%'ent[ %%%Q]chln% &Qﬁltgynﬂ %i Hg%ﬂfate \?oﬁtag'a-? gtl aotgg‘g node
onprising: atirst néde and a

herein 1's an apparatus

sbewoiren tredirst aiddnterpediate exstdyatdnsfer trcyitsQndigt 4odWARh node
bet ween the first and second nodes, wherein_the power
eRetveen e intermedipte and speandenergydiansier sueyits- Fpengrmbodiment, a

fi i . : i .
aeBtere P IRREfortbf e BRERIn SRy R RafilealiYRgjusted to
i maedhaize effafereylod adwentrpiséet Heovd¢dnathes Gesvand sendaed avédes. Bsone

the first i dance changes and even as the secqnd .

| FbadimeDt AREAGLEN] 795854 HPrER UBRUCTAISOHS FRAtinCIUES an inductor

PoNETheSRFAEII AR Lnt@9draRlRr ERGN: iB@hHe@éagﬁa?orﬁHﬁ%étel'ﬁ%odiment,

In one enbodi nent, "the power source and | oad are each

othedfirgte sesfond handapisamediats. energy transfer circuits each include at least one
capacitor.
[00217] In one embodiment, the power extractor further includes: switching
circuitry to control the power transfer circuitry; and switching control circuitry to
control a duty cycle of the switching circuitry; and wherein the power change analysis
circuitry operates in different modes and wherein in an ordinary operating mode,
under some conditions, the power analysis circuitry causes the power transfer
circuitry to increase the duty cycle if the power change and voltage change are both
increasing or both decreasing, and to decrease the duty cycle of the power transferred

if the power change is decreasing and the voltage change is increasing or the power
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[00215] In one enbodi nent, as disclosed herein is an

apparatus conprising: a first node and a second node;
wa@anpasaopewner extractor including: power transfBCT/US2008/001592

circuitry to transfer power having a current between

the first and second nodes; and power change anal ysis

C thighige tig iylcfe@sﬂghﬁ@thealoﬂ)l@geﬁhdh@a'ﬂg@ec%hdmg dreAgigbodiment, the
change and to at l|eastpartially control a magnitude of

t RRWERIsTes sirag tryineludesra fargt enﬁrgsegymﬂ@ecntcwttch@lected to the first
dﬁ&fecttoec% men s lyctP%gﬂa? eﬁ&%yvg %etchq er?é}gnr ?ﬂsférocgrzcil ljzaren%ected to the

one enbo rac

swécoadnode i dontihtiduslyt t@arﬁ:ﬁeﬂtdheﬁgyt hel aoivermiedarsdmREgy transfer
circuitry; and switching control_ circuitry to control

acwmlycwesctsd Betvicgr ﬂh‘?vﬁltsbmdnfg’%ﬁdr RSTEY YansHFITRAIY @i n
BppaRSuD SRR LS SRR st cruis
mhdene emiletimentythecsonithingaisnitiyhie tg mmaula&wedlwg'essm a third node

cjrcuitr auses the power transfer circuitry
dbﬁ?"’é’ﬁ% ettffét Hlﬁ‘tl?teEl}?E‘lﬁétq gneggydr a&ég% CIreYtsn aed %fr?dfourth node
veétw%e@ HARBRedh akagtsgcdnafer %@A (s %& ci?&htg HESH L@ dment, the
and to increase t uty cyc 0 e

ﬁamsﬁésmmddeﬁmgyeapdbemNEMQmgﬁnmdudecmeaﬂuﬂgranmhbhe
vol t age. change | s i.ncreasi.n r the r chan
i H’é?rg%?raﬁ@ & ARSI incydn H@%ﬁgfépq%t%ase %%%?rﬂﬁodlmﬁnt the first,
o oRIRd iARAhedifte %n&%%fan&feﬁ@ﬁ&ﬁfs cabl frdddeat le‘ﬂ&l c%ﬁ acitor.
a first energy transfer circuit connected to the
ntP218b clorenegothedinent s tha pbmer maéysgg/c;lrcautgecpmateenedlg‘yrent
tra sfer rcui.t connected he(gﬁ ond nod e1

B4 i, Eh b a8 RARRE SihslRink Mo dir B o it circuitry at

elb@ﬁ@érﬁdl@%‘hﬁbls&hé flabhineqUUTARS adrdie IR8PordsB ®o fHeQﬁEected power
and second ener%> transfer circuits to discontinuously
t ehange and ¥pktaagehbegaerdin atdedst pug otharimede de@n@ragylysw
t Nt the s
CI&?@%&? at l%hsrt ‘f)%ﬂ't}a%l c?uﬁtr&e ?}\1/% g?igl%(ki‘usrg%a tf ’tlée ¢Uireng in rgaponge to at least
beﬁm&ﬁﬁn&hﬁmhnrst and |nterned|ate energy transfer
circuits, and at a fourth node between the

029k o Taccwe sAwbodimethh ABPATYIUE further éncludes switeling picuitry to
O{}ﬁerﬁﬁﬁﬁg s :};owe?trgﬁsqgru&ﬁ%ﬂté@gnmﬁé@ tﬁg S&e{ g}%l}{sm circuitry

swWwtc cuitry 1s t nam cal
nmecditrilg @ detfyfqyc]eexf the smtcﬂmpmrdmtayl sf arleetsepmelhy tdrerol the

first. a econd nades. ne enpodi nent, . the first
Hl&g@é%@rﬁs R EHTERALt é’H&F ° w%nggg PEWEHaralyss [rsyitealso
| BohFO1 94 fragebnlcD S f tH! <o PR BliRuRRE{HY léarsﬁ?aaﬁﬁ y &Jn‘ir‘f)y tHe

i ncl udes ca£a0|tors I n one enbodi nen

se@gnmldeanfd ¢ mreenntrddloae eménéngt;nt,t thaappazatus ﬁrrtlw tnch&hs A power
i nclude at .|.east on 00217]. I n one
CREHOHT (afbvif AR ahane BRTRane Bio POV ErAGHEH eiga:seeks to contro

StMetsthichbhg Wiyt tbyndx@mmrﬁdv&ar tlaREFePOYRIgh!th@PSW & transfer
circuitry; and smntchlng control circuitry to control

acigeityy epen sopditiopebeyiand ¢l entrol pEilicpoyer aradysiheirevitny and given
t Hl%ﬂ?&gﬁescmggpp%sy ?1’1 Sne embodiment, the power source is a photovoltaic

power source and one of the conditions beyond the control of the power analysis
circuitry is an amount of sunlight on the power source. In one embodiment, there is at
least one intermediate node between the power supply and the first node.

[00220] In one embodiment, the apparatus further includes a load coupled to the
second node. In one embodiment, the power change analysis circuitry is to detect a
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circuitry operates in different nodes and wherein in

an ordi nary operating node, under sonme conditions, the
WEoMe9ANal ysi s circuitry causes the power tr aPsT/E82008/001592

circuitry to increase the duty cycle if the power

change and vol tage change are both increasing or both

deev@atipeind andltage slope.dadae ehBoditient, aNEpSw & extrabior operates to
power transferred if the power change is decreasing

atfek tmaich) andgputd mpsdance o thearasves itragster ciggyétry with an output
P dﬁg&n&% éo%érggﬁrggsi ng and the voltage change is
decreasi ng. ‘I'n one enbodi nent, the power transfer
cjooei}t r Viniofe ehnbedingent,i as Hisckozed Byretn iaraﬁfapfarﬁﬁ'uﬁ @Uinbrising: a first
connected to the first node to continuously transfer,

d agsegendopndeppnd pRverteansies eireyiiry te trarsseniovees dayipg a
t Qfreif B&%&H eﬁgspmﬁf)ﬁ%m Eyantd.rﬁ%% %ﬁaliﬁ? 59%@59 l?cg detect a
an intermedi ate energy transter circult connecte
bpdweaathahgearid toShcreard tiheagrut anng s thepisie ichangeGhbivan
to di scontinuously transfer energy between the first
alfGreaR WRPWEE 8RO decaenst Hie imentasleng phthgpewer change shows a

o . . > . . o o
CAREEER by G SEURER, UM 5 UY e i
i tot sanovtld bett mddereclgymges iartbé powern changd.s, and at a fourth

n etween the internedjate d second energy . .
¢ AR, taoRet Qdimpant, i & ﬁfﬁ&@ it 15 ap REPHARS Fompgsing: a firs
SRERMAINRESND SSRNAES p&ivECaKtiaStor HdhudiRE |s'vl@t%ﬁingr&ircuitliy; power

i nductor and the internhedi ate energy transfer Circu

i wansferedrcudyatoittansfer powerdrmyingvbouiant hetween thef finstand second

second, . and i nter.pedi at.e ener g ansfer circuits each

oG G 45t BRE E U SRREPS o b3ty Fspieto Tty oyele
esbpd sWRbhing chiEuiR9VBId FvAdranhlysis iciresitdy 1ty deRer Ap&er dange of
di fferent nbdes and wherein in an ordinary operating

nbg@owenanpaweitaggrrhpyes andontral theyluty cyckersspqraiveita thedetected
C @&59#3n%?§uﬁ@ﬁﬁjégﬁﬁlgf the current in response to
tﬁe det ecte pomeF C

aﬁgé and vol tage change, and in

afoozesjst lanaeetbedini@tahe pb®ePmalysisadihitti Spegate<inl diff¥rent
at |least partjially cgntrols the magni tude of the
ciodenand whergwip 38 @rdigaryopegatiag » Wader sprap conditiersy the power

i[ %%eci{&i@f S%u%é‘}’&@ip%'& traltlslfgr AR lﬂ%cIeH%eLtﬁ? %grrent

s swtching circuitry to interact w
pravesfertedaif fegpovodr changerand avottagdetrappe atett@ tip Medasing or both

anal ysis circuitry controls.a duty cycle of the
SHRTEAIn 8 fodnprersy P curent dEe PpYeT Fiangs indnvsane R the
&Rk 48n R is iiPeSiHg @ Mhe pdWerQhEn &R ArBRMe anldNRe ﬁgi‘f%e change

analysis circuitry also controls a frequency of t

sisi dectensigg. dinrome iembpdimendt the pawtr palysisaditopitiyoalse odntiohea
nitude.of the current. In one enbqodi nent, .the .

BRI 8 bR ot SRR SBtPb s Fgnisude of the

POWRdntt18 onbenfbodfhertaHE appilatl® WRthed fiRludel 8 s6iirce Ubdpl¥d to the

seeks to control the switching circuitry to maxim ze

pBuwénode andslpad counlesigiihe preopdniede.t ransfer circuitry
ngb?E4 on[ﬂ!otnle %Ht%oﬁﬁé(e‘ig%é nggp&lraglor %{)ertagg i §i¥fent modes and in
aha nad grven :

ysis circurtry a
an ordinary operating mode, the power analysis circuitry controls the duty cycle

responsive to the detected power change and voltage change, and in another mode,
which is protective mode, the power analysis circuitry controls the duty cycle
responsive to at least one different factor. In one embodiment, the at least one
different factor includes detection of at least one limiting condition. In one
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i nefficiencies of the apparatus. In one enbodi nent,

the power source is a photovoltaic power source and
wep@snd7shhe condi ti ons beyond the control of tPET/pswes/001592

analysis circuitry is an anmount of sunlight on the

power source. In one enbodinment, there is at |east one

| ethBodiBRha it aihglohieien mdwdd@cmy lon& BPRloYe éMhe 6B wing:
first node. [00220] I n one enbodi ment, the apparatus

f exaepriYe Yoltagaaroes, erarepbinphe Arst 5ode owet eximdrsder seppnd
OH(?dd:é E&Olﬁ'd@%ha €, E?wgro \SFE é}l?nrgﬁiegggé I§S/(1 lg,z%ofﬁvlu{r ﬁ%g’%éetXr, 0§ second

a Vvo

em@nﬂamtmﬁewbaﬁnﬂ@mgmnﬁkaactor operates to seek to
an i nput npedance of the power transfe

clﬂﬁéaﬂ r y i Ragkgrqued, sgstipn |0ﬁﬁeaéﬁ61981§ﬁ P&“ﬁ@ff(ﬁe‘far‘@%fl@éﬂed
[ 96 2takioh WiRBEisHTREMITE '?)% coftgctd Iz‘f %%a@ﬁﬁfdx@gkﬁt o)a’ﬂl_clude
a h e an node;

appar at us conpri si ng: rst a’secon
asumeenes. Thaa efrers tfitheueisty woaldtin ao s srdepavefrornaké ingentions

a.cur. tmee the fir and _second nodes; an
pewwgqﬂ%n@@?@leé Ein The 15%}&@@? Rescriptign festiopmaigdsainglude
t Qorh 88 fent BEoS WHiS ol Aog atggag foRetHRq nusﬁ af\Gher, the

show an increase in power an ecrease the current’
Betadn@] Descriptiongsectemn iabladgesontmthsomticd @xpkaamons off thveewperation

t th I t
| AEPELETARAATE il BaE helBhen finhese Hetricdl qxplangtions are
p@(W?éct HieiRey e PRARyliRcRRLt BRPREBLIMEDN: deskt ‘i*x'o%ﬂ;vﬁ&elg an

herein is an appar at us conpr|3|ng a first node and a
s earblide dcsdbvsum dgtrpdviesm éhetinvertions dessribed aggd claimed.

© P26, S B trériad M D AT el SOk dfpdrins and

s aﬁeﬁﬁne e€tREseniiigheihat MaiBe hplARnAA ih laazaﬁefyrcfmays andthat

| east partly responsive to a duty cycle of the
swmehm&mrﬁ@mn@ &F:37 laﬂudemus afditipsalcompoaents apd eenductors.

0%5‘7] QU h%p g( e %&b@ﬁ%ént’a&?ergt t €mentation of
f &t y TRe

ange a contro e responsi ve

d SirR€ hepdctusfrRe 1Iﬁ1bﬂﬂikgﬁ Reﬁ:remb tilathe spb&&ﬂ@ﬁlon[tﬂ 022 &hbbdiment,"
one enbodi ment, the power analysis circuitry operates

rongi smRadimentyp, e@eaﬁeomﬁe%s no% 1Pthgy ea%b@ﬁﬁawys means that a
Eﬂl@ﬁlapﬁaﬂﬂg %1rcld br Mtﬁ% i ingﬂﬁled 'irh?t 1858 me embodlments,

alysis circuitry-éauses t power transfer circul
t butdext neasearil ell embodimertts. & fferent eederefices he "qnmwmmbodlments" do

chan e and voh: gglchange are Eq@h I n¢reasi ng or both

dE%& ﬁ?ﬁﬂ@yrﬁ €iSATF o SUBE EMBOUMEM BNt if the power

ClyRas8] | swies 'itq§§é13 thefienbhte AQl EagRe RGBS B," element A may
i ncreasing or the power change Is i'ncreasing and the

vbe dagélycﬁmpbﬁé tp slegrent Baguhqgndlren:tlu weuplnd dudngntor emample

circuytr o contr a fre
C ERep C otk o wetiticbon & At Bple FpmpPObriciye i cireuit
t eudtaeprodels, Gf chhliRtesldfié ANk in tpOILe t& ARORhBEEHL, fehthfe, circuit,
appar at us further includes a source coupled to t he
structure, process, or characteristic B, it merely means that A is at least partially
responsive to B (but may also be responsive to C, or B and C at the same time). That
is, when it is said A is in response to B, A could be in response to B and C at the same
time. Likewise, when it is said that A causes B, A is at least a partial cause of B, but
there could be other causes of B either separately or in combination with A.
[00229]  If the specification states a component, feature, structure, circuitry, or
characteristic "may", "might", or "could" be included, that particular component,
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first node and | oad coupled to the second node.

[ 00224] I n one enbodi nent, the power extractor
wopesarrsl i n different nodes and in an ordi narBCT/US2008/001592

operating node, the power analysis circuitry controls

the duty cycle responsive to the detected power change

afedtuyd) lciragieryCHiedHasactific ii:ﬂn&f}@c?lfiﬁ:ﬁ 1686 enclidedCIT théspecification or
protective node, the power analysis circuitry controls

t tlaimyrafers ¢y &4 "stuetipe it dees votaneandhere iverly @nf pétherstructure.
f o e Qdi ment ...t he at .|l east e.differen
B80S0 | RS FER Mol Ty Yeria b SR fidai i, e made to
cth8disclosed ehbBodinRased ifplmeritdtfonk ofitHel iRgertion dvitHodb departing
i ncludes any one or nore of the follow ng; excessive
vispmdher seapreFhergfore ghe dlystratipns gad examplesberein shewldrbe construed
O oAb ariv B! arER ARGl c LR, ITh bl ARGentRRRbeId be
of Current rthe fivs nods, power Xt T actor o or
smessutedipdeferamd ta thkeslames thatdollowg condi tion. [00225]

The background section of this disclosure provides
various detailed information which is believed to be
correct, but which may inadvertently include sone
errors. These errors, if they exist, would in no way
detract fromthe inventions described and cl ai ned
herein. The Detail ed Description section may al so

i ncl ude some inadvertent errors which woul d not

detract fromthe invention. Further, the Detail ed
Description section includes sone theoretica

expl anations of the operation of the illustrated power
extractor. It is believed that these theoretica

expl anations are correct, but if they are partially
incorrect that would not detract fromwhat is an
enabl i ng di scl osure or detract fromthe inventions
descri bed and clained. [00226] It will be appreciated
that the figures include block diagrans and schematic
representations that may be inplenented in a variety

of ways and that actual inplenentations nmay include

vari ous additional conponents and conductors. [00227]

As used herein, the term"enbodi ment” refers to an

i npl enent ati on of sone aspect of the inventions.
Reference in the specification to "an enbodi nent,"

"one enbodi nent," "sonme enbodi nents," or "other

enbodi nents” means that a particul ar feature,

circuitry, or characteristic is included in at |east
sone enbodi nents, but not necessarily all enbodi nents.
Different references to "sonme enbodi ments” do not
necessarily refer to the sane "sone enbodi nents. "
[00228] When it is said the elenent "A" is coupled to

el ement "B," elenent A may be directly coupled to

el enent B or be indirectly coupled through, for

exanpl e, elenent C. Wen the specification or clains
state that a conponent, feature, circuit,
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structure, process, or characteristic Ais in response
to a conponent, feature, circuit, structure, process,

w@eooghgasact eri stic B, it nmerely neans that A i BCHUS2008/001592

| east partially responsive to B (but may al so be
responsive to C, or B and C at the sane tine). That
i CLAYMS it is said Ais in response to B, A could be
in response to B and C at the sane tine. Likew se,
whehat iscclaimedas:d that A causes B, Ais at |least a

rtial f hut there could be other causes of
Blei 1 hér“ca?g%g'fugtc‘e?ﬁ‘y"”gﬁ’gr n combination with A [00229]
I f theasipeiolie ard 4 s¢tont abes aadconponent, feature,
structure, circuitry, or_characteristjic_"my",
"m ght @ POWET extegiogto Fansferapayers petwasntthg,Hrst prd segpnd nodes,
c I [ .
; UBE e B oL doplh o AGLE Epdnfer eBlibr i
r eperited soch' that sinageitudearf thdpdwatanmsfeaied ieanedshpardall g dependent
only one of the structure, [00230]. Besides what is
d@%gﬁpﬁg&%éﬁéﬁeﬁcwaﬁ“@a shangg @rfdc\gh*FrswsVOﬁtége brecf GHIERRE pgthe first
t by dicsid A58 Bhhad! fis and inpl ementations of the
i nvention wthout departing fromtheir scope.
Therefore, the illustrations and exanpl es herein
shoul d . pbe constru in_an illustrative, and not a
dotr | IhF gepeans oF el 1 SubpretndRe URCR paRer ghmin gfuges an
besiRaREsRbdWer sRfper ence to the clainms that
foll ow. CLAIMS What is clained is: 1. An apparatus
conprising: a first node and a second node; and a

power tractor to transfer power between the first

b sed B aohsaes OF sy &r Wit hE neveteifecia; Afapivgly matches
OpfipdfafiSesibRtviech! o fowdFRbErce bhé a REMBINaB¥h bAEHePowed extractor and a
operated such that a magni tude of the power

t sferred is at least partially dependent on a

conti nuously detected power change, and wherein

vol tage and current at the first and second nodes are

udr egulTat apparatus dhelamppawherngth the polver ertdactommgilede’ atfirst energy
det ect ed power change i ncludes an instantanequs power
s frapsder eyrcusfieenpagteg taiths it nedeforRontinygishieiranstei engiget second

e¥hdr8¢ trahsBdaRlul Bhie &Hﬁé sdORE 48 E)SCOQELM@SB’ tdansfer energy,
?§ (} the p

power” source and a conbi nation o ower extractor
aaod an Indarchedtate difeegyapramsfat dicu fconhatat Hetwednathe first tathé second
power extract.or . includes. a first er ¥ transfe

: &

FREBY frapsfFeitauits (9 ¢isqpdinppysly SRV ﬁ‘?ﬂ‘o‘ﬁ}g figst and

tgaﬁgagﬁmgggﬁgykranﬁﬂgpnd energy transfer circuit
connected to the second node to continuously transfer

energy, and an internediate energy transfer circuit

cgn nectl.%g a;t:’&}r‘é‘ﬁ? of Ellglﬁn fli, W 1érelannt‘ijle %g%v%rn gxtractor includes switching
circuitry with a duty cycle that is at least partially dependent on the detected power
change and the magnitude of the transferred power is at least partially dependent on

the duty cycle.

6. An apparatus comprising;
a first node and a second node; and
a power extractor including:
switching circuitry;
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energy transfer circuits to discontinuously transfer

energy between the first and second energy transfer
w@Rres91581 5. The apparatus of claim 1, whereiPCT/082008/001592

power extractor includes switching circuitry with a

duty cycle that is at least partially dependent on the

det ect gdompIMsop-toadERo PV tchivy srRBSEWHEEnEtiréiRy; and
transferred power is at |east partially dependent on

t he dup§wenteansfer gircyifry 4 pansdenpoves bghwasnbe fiest and second nodes

. d .
R e -

coperited insaMifse hiodg, thé coiito] Sdp Enitrdls thé E\@uéﬁiﬁ% cir@fifty to cause the
power transfer circuitry to transfer power between the
f PRVeer teanafes sseity toHarsferihe povemnatragnagsitude (o eapise @ PPWEE source

Clr r . y . .
UK pr AT BB B LA hyond v
t tuntolvof theipogee exteatkdrl y t o cause the power transfer
circuitry to transfer the power at a magnitude to

cause a power source to approach providing a nmaxi num

pever avald.ablensisg? conditions beyond the control of
tﬁe poméﬁkgxf%aéggﬁﬁp7. A system conprising: a first

node aafirs nede ambla sewdad npdeyer transfer circuitry to
transfer govver bet ween t he ftj rst and seco

d .nodes;
swi t chPAYSTIFREHRF Crguiiry 1 Jansten P%Kéﬁe“”(fie&ﬁg? PS¢ gad $goend nodes;
the i egficiRRd cRQERPSH OHR? po@@ldtreﬁls?é?rl‘)tef&éenltﬁ@ﬂgt ta%d second

including citcuitry to detect power changes an
coodidespdnda duty cycle of the switching circuitry in

response to .the defected we hanges tq therehy

cont  of conEPl gt rek sl o e §Ser hangSiapddo control a
C Qe Ichy8lie o the $wi Rl ditdirPRWRSpoake B the Uefecte@PBwePEIRAGEs to
power transfer circuitry to a second node; detecting
ptheraby chatigltbe ppwertransfesicingdide. of operation, creating

a swtching control signal in response to the detected
power changes; generating a switching signal to

c8nt r olA medhbd bemptisingesponse to the switching

transferring power at a first node through power transfer circuitry to a second
node;

detecting power changes;

in a first mode of operation, creating a switching control signal in response to
the detected power changes;

generating a switching signal to control switches in response to the switching
control signal; and

modulating the power transfer circuitry through opening and closing of the

switches.
9. An apparatus comprising:

a first node and a second node;

a photovoltaic power source; and
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control signal; and nodul ating the power transfer

circuitry through opening and cl osing of the sw tches.
W@2008097ppar at us conprising: a first node and BCHESWNE001592

node; a photovoltaic power source; anda power

extractor to transfer power fromthe photovoltaic

pover  g§abweEetdRickR etrhiier povwidr fRMEthegheti onaiddwer source

wherein the power extractor, the first node, the power
sbatween therfirstrand sseandmodas tehesein tleeamwg@mra@ﬁr éhesﬁﬁgn@de the
integrated ¢ [ The a

RO R SR8 bcon moad 8 BBRRARPET s Relsin@ie st ipeuic
|npedance of the power extractor with an out put

i npedance of the power source. 11. An apparatus
ﬁﬁpr i ?Ehﬁ appazatps pielaifgpdewhereindhe pew elodrdractr segks 4o mgtrk, an input

DB OB NG U BASEESL B tfr e

nodes |nclud|ng providing a first current to the
second node, and wherein the first power extractor
i bl udéa aﬂ’Pi‘@fusp‘}SWS’@ﬁange anal ysis circuitry to

det ect » &t $hdD WMREo es ﬂhmgqaeh&m ﬂ)uh'ﬂ‘?}odls,f aHd

power extractor transters t rst power
magni t adieg polvat exatrz&toitto traaster fisst pmaéﬂ betwlegrethd €indt agd second

t he, det ed fir mer chan ; and.a cond power
R0 RN T PEPBE BTSSR %dﬁ%f»ecs@é apghwhepgin the first

aplvE Qi Bop %ﬁﬁek Bedt K)gbv@g cIRIn@Y b1 Pds @1r§1§ﬁ’9 RSl SRET RS power

to the fourth node, d wherei'n thée second” power
eghanges, and wheteinl e fastcuvekr patrectocinansiias ﬁwaﬁrytspcsver at magnitudes

B b e PR BB ERST o S

at  MagRisbden8 polveAbxiBceorab tlafisfes sdkdnd g@\bérybe@ke@&nﬂs 'ﬂhrcpihd
the detected second power changes. A system

cfsmﬁtﬂn rmdnsgmcmdn@wpwhm sesend hmrerp t@thedfeurtlh node, and wherein the

unr nd S0 ce cur ent

S PR T Tt R BE bR AR bire By B g

s @éd:bﬁ@ pawer élﬁﬁgés@ afd whbeieihe sE&&hde%E eﬂXﬁdt@Qteﬁfsfers the second
transfers power with a magnitude at | east parti al

dE‘b‘é?FoBé mag@ﬁu@e%bﬁtﬁrmf&e ayt pagiallx dependspfi iy the dstiegted samd
mﬁ %@r extractor output voltage and out put
rrent a e unregul at ed.

12. A system comprising:

an energy source that provides an unregulated source voltage and source
current;

a load;

a power extractor to transfer power between the energy source and the load,
wherein the power extractor transfers power with a magnitude at least partially
dependent on a continuously detected power change, and wherein power extractor

output voltage and output current are unregulated.

13.  The system of claim 12, wherein the energy source is a first energy source,

further comprising;:
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13. The system of claim 12, wherein the energy source

is a first energy source, further conprising:a second
we@p@Bsgy758pur ce that provides an unregul at ed soRCT/ES2008/001592

vol tage and source current; and logic to dynam cally

select to transfer power fromzero or nore of the

first apstondensrgdyoeEhat privi®S anWhesgaldled RirdeO@lRge and source

dynam cal |y adj usts the magnitude of power transferred

f fwrAntadf i r st and/ or the second energy sources based

at |eagl.] . I ] I

The oy i S sPREnily FoRENELBERE bfedioh 28 lorelif he first and

f sucbhdendlyyasireat | y mat ches i npedance of the energy

source and/or inpedance of the | gad. 15. The system qf

cl ai m Yhereinthedegic dynpaspically adiugtp thepagnwde ohpowerdrapsterred

h . . . .

ot S P e el e e 1 in A s power

dprofidd ofcthie tedt . 16. A nethod in a power transfer

system conprising: receiving froma power source an

unregul ated source current at a source voltage;

| Nt i ik DGRBS T OlaidTaD Swh&RfSthe Y6 HEF ggtﬁcﬂﬂ fﬁﬂ%i’}ﬁ?ganr]nically

transfer nagenent strategy to transfer power

t matghesvanpesloncene tho endrgy smecoandiorienjedands;of dmdload.
transferring power in accordance with the determ ned
strategy, including transferring an unregul ated out put

peger %&bys@erﬁ%geiahﬁdg,ﬁ&mb@aﬁﬁ%mg;i al |y dependent on
a continuously detected power change. 17. An apparatus

conpr i i hyyerter toireesivadid @omiet extrastarsupplreddbirechewitent and generate
power extractor. to tr fe wer between the first
aﬁamg%odgﬂ(fﬂﬁg@é&g CW%‘%QTSOW %1}?2(81?85\% eé&f ractor includes

detection circuitry to detect power changes, and

wherein in a first node of operation, the power
ek6.r acAonethed ipa pewepiEansfer $ySa@h cQABESIA | nput

i npedapgce: ' .C
oo RS8R AN e 8B ISR bl e
appltagech matching a first inpedanceoutside the power

extractor .including an inpedance of a power source
coupl eiflepBiingons oignoredgads; 18, An appar at us

conpri ﬁét@ﬁhining a power transfer management strategy to transfer power from the
power source to the one or more loads; and
transferring power in accordance with the determined strategy, including
transferring an unregulated output power with a magnitude at least partially dependent

on a continuously detected power change.

17.  An apparatus comprising:

a first node and a second node; and

a power extractor to transfer power between the first and second nodes,

wherein the power extractor includes detection circuitry to detect power
changes, and wherein in a first mode of operation, the power extractor is to be
operated such that an input impedance of the power extractor is dynamically changed

in response to the detected power changes to approach matching a first impedance
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a first node and a second node; and a power extractor

to transfer power between the first and second nodes,
wobk@sepT139t he power extractor includes detecti OPCT/US2008/001592

circuitry to detect power changes, and wherein in a

first node of operation, the power extractor is to be

op@kiat et [sovedr ekitadtor inBhidirnh iﬁiﬁeﬂkﬂceidfﬁgﬂﬂ@ﬁ esureé cduped to the

power extractor between first and second nodes are

dﬁﬁ%ﬂ@@%lly changed in response to the detected power

changes to seek matching the input inpedance of the

power extractor with a first inpedance including an

| MhedanaeppiratusRomprisingtir ce coupl ed to the first node.

19. The apparatus of claim 18, wherein the power

ext r ack stingde andyp prcord RodRitaBAI ng t he out put i npedance

of the | '

"nt udt ROVEr ofHCKRTS Bindttr dhofer BER0R TRRE AR Focond nodes

node. R@ereAnthappaeatitsactarrintludésndgtecaion cireditrp asl detactchoaver

second node; and a power extractor including: power

t Fhangrs @nsg Whergi 2 {5t mode of peTAudi theRRM STgXiHaciar sdabe

b@ﬁe?’x‘?@@ stdifthhs ifl?ﬁt a?lﬁ%ugg{f 2{@ edR8&Sof tﬂ@ﬁo@&‘@&ra&'&?ggﬁreen first

analysis circuitry to a power change and a
vaid segendhatey areadichatmcaily dhaagdd ipaedpoatd tp thedéteckd power changes

magni t ude .of the power bein ransferred in response
t B PR Mt g "ﬂigmél?‘l’ A Bt o opist ety firs} jmpedance

ThR ARkt cedal gHwaR soltb E&ipled PRNPANE ! F act or
further includes: switching circuitry to control the

power transfer circuitry; and switching contro
t o _cont

' ' l . t : f th it chi
chcu Th abiirtiShnk R Eriabliih s ani 3P aPosch
Cinlatdhidg the ORQuAIRSedaficed ffthe peREr SRS T M 486/ inpedance
an ordinary operating node, under sone conditions, the

psBidinga) Yrpedangeraf g load coupledete thireecppdaede: r ansf er
circuitry to decrease the duty cycle if the

power change and vol t age change are both increasing or
b20.h daerappadati@.cottipdising: i ncrease the duty cycle of the
power transferred if the power change is decreasing
and t ha fygnedgand asergadngdesf@deasi ng or the power

changeakgwgp&&géﬁh%&ﬂgﬂqg;he vol tage change is
decr easi ng.
power transfer circuitry to transfer power having a current between the first
and second nodes; and
power change analysis circuitry to detect a power change and a voltage change
and to at least partially control a magnitude of the power being transferred in response

to the detected power change and voltage change.

21.  The apparatus of claim 20, wherein the power extractor further includes:

switching circuitry to control the power transfer circuitry; and

switching control circuitry to control a duty cycle of the switching circuitry;
and

wherein the power change analysis circuitry operates in different modes and
wherein in an ordinary operating mode, under some conditions, the power analysis
circuitry causes the power transfer circuitry to decrease the duty cycle if the power
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change and voltage change are both increasing or both decreasing, and to increase the
duty cycle of the power transferred if the power change is decreasing and the voltage
change is increasing or the power change is increasing and the voltage change is

decreasing.
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