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APPARATUS AND METHOD FOR W RELESS CHARG NG FI ELD OF

THE I NVENTION 5 The invention generally relates to

el ectronics, in particular, non-contact powerl energy

transfer. BACKGROUND OF THE | NVENTION 10 Wth the

advent APPARAZVEANDR HHERHOR FQRWIRELERG GHARGING

handhel d or portable devices has surfaced on the

mar ket on a gl obal scale. At any one tinme, a consuner
FIERId) OFf THE INVNENAONshi p of a number of devices, such as

| apt ops, nobile phones, personal digital assistants,

shavers or electrical toothbrushes and gane consol es
The invehiiorhgeresally rdlatdasde slestreniss.iih paitinday indo-sbhiachpoveredergy
trafSfefharged via 15 el ectrical contacts through the

mains. Suitable | evels of power have to be

i ndividually converted using such neans. As vendors

BAW@RSbhbebﬁmE?@\)ﬁﬁSQ means of achi evi ng power

conversi on, Ifrpl'res a great deal of
i nconveni ence when each individual or consuner carries

20 a,.nultit f dapt wh t rayvel

to. ML e or - CPaBPbRA YR 3 Emelndi et or
portatlel sieviges has badf@sedgretiie matket des glaba) saplel At agy one time, a
colli 550 £ MENRRR 04 SublE! by TR ek SR 3 e
phoreesc pevsyal dighalnadsisiants,r simavers bir reldcirzal fodthbrashdsoahyd game

| devi , JQI.Vi i . practitioners a nmuch
cofo Il SR AR e il P B PhPREnge Stpes v
electiodi dontaetsothrduge thahiaisl Suffatle exarif poweheave tobedndiggdally
niaturized, reliable and hernetically seal ed

; .
°°W%@ﬁ§b§@88H@“§EﬁP%es for highly integrated and size
l[imted, |ow power inplantable 30 devices in
l.i cations, such_as drug de]ivery, glucqose sensing, .
F OneEr BhEPR e rrEnt b Padihineany of S RARS pRuSt Fajecsion.
thisaintblies @gogreapyeal bhesenainince Mihehasschfindividadl or toskin®dr carries
n-cont act power

bi di cal applications re n
a r?"#@ﬁ&? 8&%@%%@%‘@??%%6% %"el % powering these
inmplants in an environnentally "green", safe, reliable
and , non-, i ntrusi ve manner. Wt hqut ch.interference to
ot 8PS o OB PBPAETES ‘08 Sormaiea;iadlusky i [ofq sdeat
strides ie applyingesitaléds BBMbIdged inth &HeimBangihs. CAfplieatitms such as
meldlrc]:%ﬂe?é%et\r!\yeagelz ¥vir\<le\1etsg tg&%tologie% to convey information from within the
human body to external devices, giving medical practitioners a much improved

apprehension of the internal workings and condition of the patient.

For example, there is a need for miniaturized, reliable and hermetically sealed
rechargeable sources for highly integrated and size limited, low power implantable
devices in applications such as drug delivery, glucose sensing, functional electrical
stimulation, retinal prosthesis and endoscopy. These are just few of a multitude of
biomedical applications whereby non-contact power transfer would be very suitable
in powering these implants in an environmentally “green”, safe, reliable and non-
intrusive manner without much interference to other wireless platforms in use. This is

partly due to the well-established fact that magnetic fields interact weakly with most
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surrounding materials. Magnetic fields can al so be
deened rel atively safe for such transm ssion usage as
it also interacts very weakly w th biol ogical
organi snms. Earlier attenpts have been nmade to realize
sureswnding watepielse Magnetivsfields cam alss henderrned eelativelyl $afg for such
n : r ol
et e T D10t 45 1S mBER, i FEAWH Bpicticel FhatNL D,
secondary devices are axially aligned to achieve an
ef f %ghle}I%tth% {nga\{er ggérfjﬁdadeﬂbe eeallke$ eﬂeggg/egr égwgrr 8’353& via
conv ni en of c arging devices. 1
indSUWARb’upl‘ﬁbe Onev emainple iss that aeerangeBrann Ofalt BoPlak Control
net i r e :
too%% i Yv@er%?)éﬁ@ thf @é\jsrde %ogg%ﬂﬁwaﬁéwgec%gd?ﬁﬁgk% greaaXIally
alignedddi aobisve ain effa&:tlvmeaergydmnsbr ahhea e ateed td grovide a more
coWeE%ln?%%th%laQ}fghé}g fiibge conmprising a first and
§econd es, each having conductive
wi ndi ngs, for generating a first and second magnetic
fields, wherein the nagnetic cores are positioned
adj acent to each other. 20 Preferably, the magnetic
SUMMARYare oriented with opposing polarities paralle
to each other for formng a closed circuit with the
generated magnetic fields. Preferably, there is a
Thé hrh\remhtiﬁmgsn ehia;ramgemehawf o eexytetic icuresvpardiiehdo aadh toteer to

. LTl f t third t
aetTalblE MRHETIE R e REPISTRBRBL | ¢ core i S posi {1 oned.

adj acent to the second magnetic core and parall el to
Preferab the s

the third neti c cor.e. e
Ony S bPdEC P eoby SR T € a5t PR Bt WIBRSS Eraiping B device
corpplisifg tifiest andGeporidiagheticcsas reath maring Q:oﬁ@lﬁcmvé vahdasgad for
circuit w Lh t he enerat q nd and. t netic
gefdrafitts 2 Bisb Aok SEna HaTalG ey waeE Meemggacth Grisy are
pogmmfeu.adj?&eﬁnefegeabtm;_ t he apparatus includes a casing

for containing the magnetic cores. Still preferably,
the magnetic cores are positioned in the casing and

Prdféi@bl?&ﬂféehbgnetic cores are oriented with opposing polarities parallel to each

other for forming a closed circuit with the generated magnetic fields.

Preferably, there is a third magnetic core having conductive winding and two
opposing polarities for generating a third magnetic field, wherein the third magnetic
core is positioned adjacent to the second magnetic core and parallel to the third

magnetic core.

Preferably, the second and third magnetic cores are oriented with opposing polarities
parallel to each other to form a closed circuit with the generated second and third
magnetic fields.

Preferably, the magnetic cores are positioned apart.

Preferably, the apparatus includes a casing for containing the magnetic cores.
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cores are equidistant fromthe opposing sides of the
casing. 5 Preferably, the apparatus is operatively
connected with an AC/ DC power adaptor to receive
el ectrical power for providing electrical power to the
wi ndi ngs. Preferably, the apparatus is operatively
Stlﬂ:%ﬂﬂ@r‘éb@d M H&gﬁ@tﬁ?&@f@& a?é)'%ﬁﬁ&?erdsmttﬂe da8hG! A the magnetic
el'ectrical power for providing electrical power to t%
corgp Atk eqdistapt frpratthe gmnqﬁlngt%es@qfé@ﬁ easing-f ur t her
i ncl udes an inpedance sensing nmeans for detecting a
device for wireless charging. Prefer ablx t he
Preiprighlvathesamparatie is Wftfatuy@g/ camnefiad withrandASEHs epwebadaptor to
f Gkl
rec%ﬁtg%eg}dé@%y,eo\gﬁebg%ggé@ G%Cti&aggg\gﬁgl eto oger ate with
any el ectronic device. In another enbodi nent, an
g e [
Preﬁ‘gﬂaﬂ[ urlﬁ Jp‘b%r%%é &l %?t rag.bgi %%}%egteqebggﬁerﬁgﬁ{r?ﬁf Dhlteéts to
reogygmrlqahmwg far mr‘pwdmg&*ﬁttrwt powter tathmeindingsor es,
each having a conductive wi nding, for generating a
magnetic field, wherein the nagnetic cores are
Preferablyi dhedapriraivenfurther éadidest faer dmpedancassengirioormeans  for
de8fi LG 1D GirdRIDEAGEOT es. 25 Preferably, the
magnetic cores are Ofrl ed with opposing polarities
parallel to each other for formng a first closed
Pré?érraékll' {he%%%rélgg ﬂrﬁ\tef%cm?igg %H |Fifr£ 'ré‘d soP Fo‘?%%fé%%% a ddevice
each’palr ad] acent magnetic segmen are orien
forwiinetess lebangingnetic fields in opp05| te d| rections. 30
Preferably, the apparatus is operatively connected
with an AC/ DC power adaptor to receive electrical
Prgfenably, therappambisiis mgaptablette iopatatewille any electhanioiierdéangs.
Preferably, the apparatus is operatively connected
with resonant converters to 35 receive electrical
In postber €émbogiment, dinngppelratus forcairelpsanetnarging tehdevitendomgsesing a
rd | nel: S:
ool B rBaA Al ey E AR Ahincil SeBffont G 878 g second
magnetd egss,cdehdiaving 8 céndfcbvebinding, ier gemeeatiap us magnétivefield,

whierrclz?r! i’h%e%asnetlicn(t.orrgs E?edpgsﬁtri]o%%[i Jo%ceﬂﬂoe8géhngthgra(#&vzg %gsing for

containing the magnetic cores.

Preferably, the magnetic cores are oriented with opposing polarities parallel to each

other for forming a first closed circuit with generated magnetic fields.

Preferably, each pair of adjacent magnetic segments are oriented with the magnetic

fields in opposite directions.

Preferably, the apparatus is operatively connected with an AC/DC power adaptor to

receive electrical power for providing electrical power to the windings.

Preferably, the apparatus is operatively connected with resonant converters to

receive electrical power for providing electrical power to the windings.
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for wireless charging. Preferably, the apparatus is
adaptable to operate with any el ectronic device. 10
Anot her enbodi nment of the invention is a nmethod for
wi rel ess charging a device, the nethod conprising
providing a first and second magnetic cores having
Pré&fRRHL T h¥e ap¥AraflisNAsHHAR dinkbiBeL PRP SinBEd4Hb AkLALIRE ' means  for
ggsltlonyng the magnetic cores adjacent to each other
detegting)p gevier g Wireless chagingoower to the first and second
conductive w ndings. 15 Preferably, the nethod
further includes orienting the first and second _
Prefatabdt ithe arnasatus frther sy iptie aed senser fRrdateating tagdevice
forSArdesRtAsqidPr formng a first closed circuit with the
orgeneratedgrlraggnetic fields. 20 Preferably, the nethod
further includes providing a third nagnetic core
Prét@MbiY ih ' L (R 3h it Bk,
D e PG It BRI pBRe W P Bt Rt Belie
and providing electrical power to the third conductive
indi : l. he. f ' ,
Ao oo 1 8B R bpoksd Q1153 e
megisbsomprising aravidingsa fiastandesecond eeagnetic Iseresf havirfigoearidugtive

A Sec . O i i th n :
wiRREERF o RBBOSInG ol hsiichl, BENTEFAR FHACShiaEent 1o
eagh radhers end herpyjding. elgotripale pewarblty , the hirstmant osedond t tmnductive
quygsudes determining if the battery voltage |evel of

t

"device is below a first threshold, charging the
devi ce when the battery voltage level is belowthe

. , . i : _ . . .
Prdey, 1 S0 L PR b RS0 20 gt cors
with leapgsing) polgritasm@raltebio eabb dftherior foemibg tat festyclassidtcirgeit with the
' . he threshol d, the power supply is
geﬁ%@&a@%@%g\rﬁgwg ably, the | ow dropout voltage is
determined if it is above a second threshold. If 5

0 r IS bel h re ld .
ey AR A0S ke SRS 358 il 398 g
comit@rR Pihddhg, CposTidibirigREY NGB8 magnetic core adjacent to the second
magnetic core and providing electrical power to the third conductive winding.

Preferably, the method further includes orienting the second and third magnetic
cores with opposing polarities parallel to each other for forming a second closed

circuit with the generated magnetic fields.
Preferably, the method detects the device for wireless charging.

Preferably, the method further includes determining if the battery voltage level of the
device is below a first threshold, charging the device when the battery voltage level is
below the first threshold, determining if the charging is complete, and terminating the

charging when the charging is complete.
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10 Figure 1 illustrates one enbodi nent of the

invention with two magnetic cores. Figure 2

illustrates one enbodi ment of the invention with three

magneti c cores, 15 Figure 3 illustrates one enbodi nent
When thee haﬁeranwpltﬁgebiaVﬁg isirabgve afpeothregigitbt the pewemsHPRly is
de& gsegment having two magnetic cores. Figure 4

IlTustrates a schematic of an AC to DC power adaptor.

20 Figure 5 illustrates a schematic of a single-ended,

r g fihy- Ed.er W

Pre el el ol chitkler LBRBRARHeicARKE 7 sBblcla sgoond throshold. I
thevipwwdrepous iveltageyischalew theyseaend thizsheid yaltzgesithe power supply is
inc@agé’&”at es a side view of one magnhetic segnent.

lgure 7 is a process diagramillustrating one

enbodi nent of the invention. Figure 8a is a schematic

of integrating a mcrocontroiler on the secondary

segnent 30 circuitry with IR transmtter. Figure 8b
BRIEF BESCIRIREION OB THE\DBAMWINGS) a m crocontrol ler on the

primary segnment circuitry with IR receiver. -5 Figure

9a is a layout of IR transmitters, magnetic cores and
Figner 1 fibeirates o embbdimeint oilthe inveatiort Wigh scoageatl cores.

segnent. Figure 9b is a schematic of secondary coils

and full bridge rectifying circuits. Figure 10a is a
Figaah2 astrate®bna epibodimieyit sihaaventiormpvighrtnéechaghétivasresy

m crocontroller Figure 10b is a schematic of a

secondary segnent inplenented without a 10
Figarrec Baithusttates) bre emb@dingerit lofi the anstitionaleing an array of magnetic

representation of a L@B shoot.-t hrough circuit to
SegMeity % éeg’@%‘@?%ﬂg SE"2BWNECP®Bns 15 Figure 12 is

an illustration of inplenentation of wreless
. conpectivity solutions Figure 13 is an illustration of
Figlre b PGPS F SEOeRirce A AR DGR AT Regment i tting

on a primary segnent mat 20 Figure 14 is a bl ock
Figﬂ#ﬁa%;ﬁ‘@[sk%tlegﬁgrgéhleﬂ%tigog tahgingel-genréi%%,t fgr(\)N%trcE odyl-t?arckl ?esonant

converter with demagnetising circuit.

Figure 6a illustrates a top view of one magnetic segment.

Figure 6b illustrates a side view of one magnetic segment.

Figure 7 is a process diagram illustrating one embodiment of the invention.

Figure 8a is a schematic of integrating a microcontroller on the secondary segment

circuitry with IR transmitter.

Figure 8b is a schematic of integrating a microcontroller on the primary segment

circuitry with IR receiver.
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t he secondary segnent circuitry Figure 15 is an
enbodi nent illustrating a nethod of fastening or
joining an array of primary segnments. 25 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Singl e
Figvi) et Isca Seypuimf B tlehgmittersl magnedicrcoress apdeperipheral control
gr'xﬂf“e@ec%dé ge%[ﬂgﬁntl on. The apparatus 10
conpri ses uctive wi ndi ngs of nmagnetic cores
12, 14 electrlcally connected in series and placed
: 'S
Flg?J?é % ‘sezi séh%nn%{r?l)@/ o?ﬁg%oﬁg%ry%lslsz gﬁ@fnl,{llrbrﬁhg %c?%gﬁﬁ%uﬁ% n be
orient at ed in any direction including 35 diagonally.
: ti,c r 0 LANe, c c
Figlfe TG b SRR o, Bo Pl bR B B oyt o
migupednttolieri r opposi ng poI arities parallel to each
other. This arrangenent generates a circular or
elliptical magnetic field 16 when the wi ndings are
FigereectObi dsald yschemetiecof @hsecomegryeisegmenielidplementedt dthout a
mlgrgg%h%hg]ne 5 as the magnetic cores. Further, the .
magneti ¢ field is rotational and can be polarized in
ei t her cl ockwi se or anti-clockw se directions as

Flggj?eo 4 ?t ?e gl %K(Se{r}%ﬁ }(%P?%Qe{%ét%ﬁ cf'fs TU§H ?{P I& gﬁa%%qhng%fqtto Sacilitate

exhear}a# US8rmomnedtonspri mary side of a conventi onal
transfornmer and the second magnetic core 14 as the
secondary side of the transfornmer. The magnetic field

Figuren &2 isaarcithestration of ionpderdéhtatiopneftwire|ess reenbectivinesadtioas
depending on the orientation of the wi ndings on the
respective cores. The | eakage i nductance or eddy

Figuieer 1211 amfllustnatioor ofreacontrotignattacbed edthvensedondanydiegatdnt sitting

on& sieconda%{ﬁ r%g etic segnent, resulting in power or
3r%|nbayry§? i o the 15 secondary magnhetic segnent.
The secondary nagnetic segment is a secondary circuit

. or cei 0i | e batter f..
Fiodfe 8 ot Pt o dflsTa g Tis O8p el o ipals etk in
thetsecbh@r;zeegmdﬂroyrcﬁ&gnetl c segrrent is then converted or

rectified for powering or charging the battery.
Figure 15 is an embodiment illustrating a method of fastening or joining an array of

primary segments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Single Magnetic Segment

Figure 1 illustrates one embodiment of the invention. The apparatus 10 comprises
two conductive windings of magnetic cores 12, 14 electrically connected in series
and placed parallel to one another as seen in Figure 1 and this forms a primary
magnetic segment. The windings can be orientated in any direction including

diagonally. The magnetic cores are positioned adjacent to each other.
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20 The primary magnetic segnent or chargi ng mat that
is scal able for expansion dependent on the size
and/ or nunber of devices to be charged or powered.
Preferably, the magnetic cores are positioned apart
fromeach other to allow heat fromthe magnetic cores

Pr%@ra‘agsmesﬁkggéég%f&é% 3RS RARERE t?ﬁ@f?%%go;r ngg Pﬁlgﬁﬁees G&Fhllel to

or other peri pheral
eagt) gthee 2Phishavanganmenh eeneratssda minsulanioe redliptical onalgnstic vieeld 16

whé\ﬁ [ﬂ'qé Whd {gs%ret: gle%ﬁlctgiw#rg?. T %aégetji fIEQ@%I {1 tl‘?@ggne pIane

adj acent or se magne
as Hreena@gediloycores. rFelrthh!i, the magnetic fa'xalatt&rr@taﬂlonalsarpamntbeopréahzed

in %V'trfetf’ dl&c‘ﬁw&%l @r %Ijitl 880@@&38#8&0%%‘%' &g‘?&éc}i‘&k{qhe tflgld I%etsh%hls
primewomgn@tlw$egmrﬁ larsuarmglmteihe firglsmbgetici gprar!2 represents the

oL EE0Y SRS bbb e PSRBT e
seqondatyl eiedel ithee dransformaar Hhergnagnetibefigid dinesl anhashdérom one

0 ar gl f or e _of . handl.i .
ol GRBERABOL b SRRl B8 ibAgen on e
respedlvleloomd equi di stant fromthe sides of the casing.

As shown in Fig 2, the distances D1, D2 are the sane

as each other and D3, D4 are the sane as each ot her.

Thi kakage indoctansaioeeddyeturieheoft the poimangmagnetipnssiginent i |s induced
[ t.i ' nt and equi di st om

on 35 Rl MaohaRe SEOME, J4ATE T PPRe” S <Loiatiny'<r 8 e

sedvatiayemaphetin séthhsntf a’béléacanm anagnetin s;agchem\t 3¢ i hmioedary

or AT L3 ReaRABF DA Bl B A PSBBIE e

powerrﬁneglergg(ttramsfe‘r&dﬁo gm.r secOndéry usdgretie segruéttiipthenmonvarted or

tcse et s 0|ndtogether|n al |
recgﬁr ect Pofg” fp,a h rb F ¢hargi ng or powering

surface area to faC|I|tate charg| ng for nore than one

devi ce si mul aneous e nmulti netic
g By T S oo Rl Tedf b el Ripansion
depemdent drhtbe sizeamdéortinuntel af dvicesitd e ehbgedwd pbwerada
primary magnetic segment requires nore power.
Therefore the applied voltage and conponents used in
Prefférablyptier maghalbt ta08s @age pbfumhetdSapsaq&bmeeathhétg&ero allow heat

rofthiianishe Risd e IS tREn (& TS AMPIIL P EtRe ThAPAGS G be
utilized tdretitir periptiaralagircuitries.

Figure 2 shows another embodiment where a conductive winding of a third magnetic
core 20 is positioned adjacent to any of the first or second magnetic core. Preferably,
the third magnetic core 20 is positioned with its polarities opposing and in parallel to
the polarities of the second magnetic core 14. Accordingly, this arrangement results

in an additional circular or elliptical magnetic field 22.

Preferably, a casing 24 is provided for the apparatus to allow devices for charging to

be placed on the casing for charging and for ease of handling the apparatus.
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nature of the | ayout. Advantageously, the power
consunption for each magnetic 20 segnent is brought to
a mnimal optinum thereby reducing the heat
di ssipation in the whole assenbly. The dashed |ines
Prefgrabiypithe magsetic rcotasi are positienpdeeqwdisiast drom s sides of the
faer
cadid ARl B RSP0 B2GRFHeSa R RNch gidt and D3
D4rmgﬁb¢ isemeias eadhotbppddis is tdiensotd when tha Y@ prirgary magnetic
se &éﬁlg’%F@b@sﬁ‘tl&ee | glfaélsht{]é’ndoéci@dﬁstgﬁﬂ %%a?ﬁg{ﬁgk'tﬁe casing forms
nts arrange he i elds

egne netic
a lige ot symmetry dleduden hem. dhis fanrhiatesl arcRvérsandafiisibntedanggnetic

fleIE f‘@é %Hé‘ﬁﬁﬂ@&)‘le‘:p W@eﬁ&?@ﬁentggre i&ils %%g%ﬁgﬁg)

are anti-clockwi se. This ensures that the vector sum

Maﬁ&?{.iggsélkgégg%éffq%%o&ero at any point on the wireless

I'n " the sane unit In another
enbodi ment, an envi ronrrent al friendly or "Geen" ACto

in accordance to t Ener
Fiopts Brfiratdy PRl PmaBs RERBRTS sedupile, 1Y inmsertbstihin !
dirdéatiohd1 form el Ia@gr UMrgmgodwwemdwaWam?fm fofacititateStrakging for
ts the 35 strl ene efficienc
mofg AR e e Ty AR D el SEh, MBS Regment forms
a whiteteise eidt dor wirdlesAgamyngand the United States Depart nment
of Energy. This power adaptor allows power to be used
efficiently for a no-load condition, This power
In theagrioprart, Iétyea!ﬂir%c@ffornﬁ&cﬁﬂubmga pem@ant hﬁ@néhcﬁ%’g\Mm reqwres

there |1 s_no ts in extrenel
ot RBf: TRtelaradhe AP esh o e pih ARy REBHEP 1oGH N e Fatver
eletmbd.cs:enrmhtsae(qfré @ ke ifayinngIrB’:jrﬁd’l ird@Miidro nhe kbmbination and
frie een r uct m dst curren ene \
ayaltoSt ol maceSi srders cPodgue e TING Sreciiole dipigbuted
natpesnvef thiad@b@tf Aﬁjvéﬁtlagéoﬂlldlv ahe CﬁﬁWebQ:oﬂ@@hQﬁngwr)bach magnetlc
seg%g%} g‘\? H%a gplpvt%ﬁrl t%pg%ﬁ% eta)f %ﬂgmgftn? ﬁgat (1155|pat|on in

theamtitld a&ﬁeﬁmtﬂy e 126 h&Slinc¥rBDNdpite tHadifeRNbn sBha@edtiatfield lines.
falls below a preset value, which may be due to the

reduction in the output demand, the circuit enters a

Pre‘ié‘r'aBIyCé(dibé%nt rgsﬂﬁh@ry magﬁetrceéégﬁ%ﬁtst e HAMBEd hﬁ}ﬁ@h@gnerﬁéﬂbﬂ of

I Nprovi ng the efficienc power consunp tion. %/
thesgangraterd mﬂsﬁe%@%ld éﬁ‘/\PPB‘Pﬁ'tﬁg"r@Wﬂr@s Figure aﬂlb@tra@am plurality of

pnrhsﬁ}uﬁs@netne%eﬁmwarmbs% itAUhEiP angwehé f|é|9§gﬁentated clockwise
condi t1 ons urther, if the Pul se dul ati on 15

anq amig/pgkvwiss altsnatelys ﬂma%@agnqﬁwt%ﬂ@mwu B3hauS7and 39 are
oriéidEibEkisd hnd tHethers 2, 84Xdd A ¥8 are anti-clockwise. This ensures

that the vector sum of the fields is not zero at any point on the wireless mat.
Adaptor/DC in the same unit

In another embodiment, an environmental friendly or “Green” AC to DC power
adaptor 40 in accordance to the Energy Star rating’s criteria is designed to supply
the DC power to the wireless mat. A device having an Energy Star rating meets the

strict energy efficiency guidelines set by the United States Environmental Protection
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wi ndi ng 44 can further decrease the standby power to

extrenely low levels by invalidating this dynamc

self supply feature. In this power adaptor circuitry,

the PWM current node controller chip used is NCP 20
Agenay and e Unitpg States Repapment of trneegy -Tinisd powernadaptor allows

poﬁle} ot Bé’@segloé}ﬁ&é}ﬁ ¢ & Rofoddl @hdi élEﬁe. Trﬁg oW&%daptor is capable of

| - oxI de-sem onductor fiel transi st or
dra(wmm@sﬂha)n P3V whepriberetining 18aq. UdtisuresultsSimepteeneaiy loay power
t iSi
oo s REI08g P SERARY oO RIS it i (o RERACD! Ul s
anf@mwvemtlayfrm&y presoieant praslige pmidst wiirent eaergy tssarcity and
Fale]=1¢ | ¥sconnected to the wireless mat. The circuit
cooper%@esﬁaé both a fly-back converter and a forward
converter. The npde of operation depends on the 30
Figé 8ThBLS A BwdEuepRE UG YniERABRHEC p%‘?&nsgtconmgd to the
e energy IS transferre uring t turn
wirelesg peataaging @ nbmingb fogdr eperatite, tw@mcmhewmtesggt dre of the
S : hi r f [ t i.rcui .
avale Bt leRCiop Wrf thy Ll St s Sl e 1y ket yalye, which
mayhleg dueiitd Ithepeedsictioredh theeougputi dervdrel, rtag vi¢uiteeisnaskip-cycle

m@ﬁi ghfs%?/u%%hl]ggdqohe & e{d‘ﬁfﬂs th?Safn#H 8{7 h&ihé’“el‘fameﬂgf uf the power

conguimptioouiBy SKiprisg showeddéds swiehing atleal itodvasmdaﬂy sedtu@s the
' r c h :
pollBINEES dEGh Wit BaRE shASRE. Pt bEHUGT N ipliaton
(“PWWiedeontrellere i nspdbinothie <5r2¢wt Tave anslnbwtt sef sbpplycan rayxdiary
- de | | n ,an
it 58, o e 2Beste T hhanT Holiol ol B0 devets by
invelidading ¢fn$ dyraanic self seppliefeattred for wirel ess char gi ng by
10 infra red ("9R ) sensors which are IR receivers and
transmtters. An exanple of this enbodinment is
In thid p@wraacta;btdrrcirléuigwths FauManukreﬁh mddey corerofier slhp)wsediis NCP
\ 0 IR I celvers 60, for . .
10*49 IC)Thlé; %Wl?agnée ?:SCm Peé% 8%% &ogtr H¥t'é’£pt8ﬂ‘aﬁhﬁr PUith a high
volmeopmi/mrymHmy-rwtdeesaagnmmtcﬁ%emdffsctgmansmﬁdir ENOSFET") in a
mo?‘. @Rlc §V\{ | R sensors 60 are placed in each corner
of"t he primary magnetic segnent 62. 15 A
recess 66 for each IR receiver is indented into the
Slngafg-leﬂgeg,s F%frwguhéa Iplgl-lbrer:%[(yResonant Converter with Demagnetising

circuit

Figure 5 shows the circuitry 50 for a forward fly-back resonant converter which can
be operatively connected to the wireless mat. The circuit operates as both a fly-back
converter and a forward converter. The mode of operation depends on the
orientation of the secondary magnetic segment. When the energy is transferred
during the turn-on period, it operates in the forward mode. When the energy is
transferred during turn off period, the circuit operates in the fly-back mode. During
the forward there will be stored energy in the magnetic primary. An effect called

staircase saturation will occur which may cause the circuit to fail. A demagnetizing
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magneti c segnent to facilitate |ateral and
| ongi tudi nal coverage of the IRreceivers 60 and IR
transmtters 70 nmounted on the primary nagnetic
segnent 62 and secondary magnetic segnment 64

cireuiisheas shewryis aied thalcaliodarthe stogek ragnsiéyenaigy 84be recovered

IMALCAL | e battery of the electronic

an%ew cg(lfl&@ﬁ'égéhp\lﬁkg@gwgors are 20 connected to a logic

control circuitry that increases or switches on the

I ey P [ e / t aps. t

PSR e iffulty kel SRUTABKARG. Benoff] I8E SEATGS R for
deteatingsa deviertpmuirelesSabdrgmgmechani sm sinplifies the

el ectronic device detection solution, thereby

reduci ng unnecessary power generation and its
Devicgudetectipn drabklestityBericdtioar , the | R sensors can be

used for identification purposes. Only secondary

magneti c segnents having IR transmtters which can be
In edetherd &meéddiment,hen EldcBeric @esice agmiehteahfor geitkless charging by

. .Non-praprietary .second magnet i se nts. wthou .
infiayTgd R N SeERE WG S, tareuar & AR oAn BPeTRE 9Trhis
embedis@hs iscilisteited i Higuest@dahdBbPPigare 638hOWs anep §kw of the
transfer., The detectjion or conmuni cati on nmeans | not
Plap&BERt & olR JRESVES PR s PerREMagY HRRSMEI, SEBent, d2,@8d
corlré@ghdiggiséédzrfagvn\grh@dﬁétic(s"ebﬁah) 64 élﬂdiF@Jré anﬁﬁ@pys l&&ie&ﬁtﬁﬁl IR
as ee - . Wave, et c, optocou ers,. nechani cal oOr
soH0BE 0 B WagReL i 93D SPEier 20FiF: ¢ AR BFB Ba0Rgic segment 62
A ticksngonior datRMRCRICERES i depteleintoTe/N8adig 16836k the primary
sensi n ircuits i cati ons or_ det

mag Rt ST el ater S KlsRbppyeEas §f e IR recsivers
60 CANETIR| tetishtfer® I @ @finfede ¥h Sthe NErirharyt Maghétet s§ysdNe2 and

whi.ch this wireless chargin stemi i ntegrated in.
SecPREr, BAGNELE SAWSR] P reRPORIMeM THP SOFOSaNr fMagHgl Cpeqent 64
is iA WDh@tnicHBR vtk thid .batest f tAO &ldRBbhiIRIIERIE ETREse! IRSsensors are
over ed.system | R Comruni cati on Protoco

I integrated. . ( .
conpested a3 I9g’;|ct%ﬂgtr?;rqlr f,q// tq?éémé%qsgs%@m;mesrﬁn theg gnagnetic field
vialegHRhEE 208K Aoitide Infeai@i toi BavdrOsr cliitg€tes afByCthrough the

device to be placed gn it for charging, Once the ]
secondany Bagretigevaaments Suap agngehanissn Simelifigatthe efgstrppic device
detS¥drnesBl GRMHSrSHt RIuhg dRhGSESSaryi Rwar $8héraforPhndHS $&Rilting
to determ ne whether the power generated by the

o348 mary magnetic segnment shoul d be

Further, the IR sensors can be used for identification purposes. Only secondary
magnetic segments having IR transmitters which can be identified by the IR sensors
can be charged. Non-proprietary secondary magnetic segments without the IR
transmitters which can be identified by the IR sensors cannot be detected for power

or energy transfer.

The detection or communication means is not restricted only to IR systems. Other
options include light emitting diodes (“LED"), radio transceivers such as Zigbee, Z-
Wave etc, optocouplers, mechanical or electronic oscillators, audio transceivers,

ultrasonic transceivers and other means of load sensing circuits. The
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I ncreased, decreased, maintained or term nated. The
formof signaling is not restricted to pulse trains
as other forns of pul se and non-pul se signaling
met hods can also be inplenented. 15 Still preferably,
commusishtidng wol detgetioandieans ceanr eatgo rh@ndresthantdrni of toprmetary
: e r . t .
corgﬁlﬁjpr%rgt)}oﬂggoﬁée |§“8x.éﬁh‘;?el?1 {hehrhk%t %9%@% glﬁ@ﬁetgfse\gl,r&é{ss H’?arglng
systerorie ddegtatedeinnt kis medim@s thee biffi af ahaterialFH{tB QM) eandi atent system
i ng
oot R, bLE Ry Btk 8Py Bl LR BB 0 (o 20
deternmi ne charging and/or termnating status. Figure 7
a process diagramillustrating one enbodi ment of
= Fﬂ@’?'ﬁk‘)&ﬂ ﬁf%ﬂg‘eﬁ the process of wireless
charging an el ectroni c devi ce having a battery. 25 In
t ep 7 the pri nent. detects
ProfeiePl. 1 erlaru Poad i RS aa e PG e ety Wyle weitig for

an $fEtthonig dievB:egb&He pllai:ed beritefor Shaire). @ﬁdeotlhbc‘elé&r‘bhmedewce is

t t t he si gnal
laid G U gk thS TR Syedem i caten o GHER MpsS SHERLO Hliss to
detefinihb @hetHee tﬁtapdv%’r)gﬁhléia&a?l?/ lrﬁ\r/]pﬁimarﬁ ni2ghew¢ Segment Ishoulcli be
0 t eve

. predeterm ned thre d e tery voltage
incfeeSi5: ShUPBth DRt OF HPHEHORH: dtofdim 8l Gihasas S not
res& RIS toapulSE traing Nl other fHeeE elgRIsenendave pulsé fsignBng methods
battery volta e is below a predeterm ned threshold, or
Carh??%geépglﬁm?ﬁ “Step 705 determi nes whether the | ow
dropout (" LDO) vol tage is above the threshold. If the

ot above he t hreshol d, St 706 sends
St"t pé?f&F?zQ gfg“’rsﬁe e¥Qlkoen and/eg qygRat rangep F‘th lijpits_ pes set to

detémhina @etter deoy@vdrienbhRitesbhpine, pr@rﬁar@Ha@heﬁ! 88ynféie should be
St (ﬁe%l’ &07 deterni hes whether the_char

inooRH ARGIFASES. THBIAVIRS G FEY Mo TP SETRIMralian is7pasformed by

vol&gBdmdar ciiréMtadentiBgtidédianigi®. CRargelengoiidrs cAf disbl ttN@ed to
Features The pri rraeqylaeé\rﬂ%netl c segnent can be enbedded

det?ﬁ?'aeahﬁrgageaad{%ﬁ? S&Us.powered froman electric
mai ns. Exanpl es of such electronic devices are np3 10

. players, dvd players, set-top boxes. In such
Flgﬁﬁap |scgtqr<aﬁ?§s dmrplllgﬁgptW%g@% pg@ogllment of the invention which is

the process of wireless charging an electronic device having a battery.

In Step 701, the primary magnetic segment detects whether there is any electronic
device for charging by sending a signal. If there is no electronic device detected,
Step 702 continues to send the signal. If an electronic device is detected, Step 703
determines whether the battery voltage level is below a predetermined threshold. If
the battery voltage level is not below the predetermined threshold, Step 704 sends a

signal to decrease the power.

If the battery voltage is below a predetermined threshold, or after Step 704, Step 705
determines whether the low dropout (‘LDO”) voltage is above the threshold. If the
LDO voltage is not above the threshold, Step 706 sends a signal to increase the

power.
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intelligences can be added to the functionality of

both primary or/secondary magnetic segnents. The

secondary nagnetic segnments are enbedded into

el ectronic devices to be charged or powered by a

battery. 15 After charging, the prinary magnetic

e n Ve ;

i GETTER Vo RHEENE P Bl 8 R S PRL St B 287 Tekdimines
whsthgu theceharding hbe complated:  the clhdrgingris nempleteslg Btepi 108 sends a
: nt .runpin preassi gned task sequence when it
&gﬁgltgtgg r‘émrt‘ gtper%sazﬂg% of secondary nagnetic segnents.

Exanpl es 20 of such tasks are: activating an alarm

L.ock,an bed si de charging table when devices
Ad@#b%&@&"‘@re?n comuni cation with a secondary nagnetic
segnent is placed on the primary nmagnetic segnent

swi tchi ng on nobil e phone to sil t/vibration/off. de
ThE iMarY: BEENGHS SSGMehlo o) dieo REIPoGROR JRIG, ARY ParigH: figvices
poweEe b érﬁf%e?jectrlﬁff)hiddiﬁs. mmwles of sheldséléiﬂroh&bhéxl)ices are mp3

swtchi.n (0] a evl ces e ar te contro r
plef kT 1y PladEn S 9P BriERel Sugn aReliapes. coatifetal Hatygs o
intlligenRey campe aaa%d F)agammﬂoﬁ@i;y éfdtidﬂe pmhbWBJrZSeWh gtlin_égnetic

segnen 1S st naal one, . en It et ect t ha t he evice
SogRETE 14 SRR M edEls HOGE S S CBERrKmrYP RBGHINY fSvices
to e gnayed bepdwired by ta batesy. of f the power and stop the

charging. 35 -12 Controller for Identity ("ID")
verification Figures 8a and 8b illustrates a

Aftet ehsrgmat £ perhagOmbgrictigrstigtént Barh Rendal s1gal toragN sédahdary
segnent 82 and s c,o(gfﬂarg ma%neti c segnent 84. This
MagnPtBe Nt {Q8VESH ok ar agHiveG e test Feereit ure to be
i mpl emented to ensure that both the primry and
secondary nmagneti c segnents, are usin atible

( ) conp .
Anpleh 8RINER S therrRrimasy epagpelic E?Q{U?Wo?qnfé@ ?hP'PeGS?iS'Pﬂ/ task

seQUETRE SHehasdbEts I&]@?@sémbbﬁ&a@y Wadghe i Segitdrite EExamples
segnment . | nconpatible segnments may cause hazardous
of sl {psks &fch as an explosion or fire. In an exanple

?nfagagte.i Lfﬁﬂti%ﬁ@téﬂ higfn cldck ¥n d BE@SRBdNBIFng RBRNIREY devices
embedded or in communication with a secondary magnetic segment
is placed on the primary magnetic segment

¢ switching on mobile phone to silent/vibration/off mode upon detecting
the presence of secondary magnetic segments (e.g. mobile phone —
at bedside table)

¢ switching off all devices when a remote controller having a secondary

magnetic segment is placed on the primary magnetic segment.
If the primary magnetic segment is standalone, when it detects that the device

battery in communication with the secondary magnetic segment is full, it cuts off the

power and stop the charging.
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10 segnment with a non-proprietary secondary w ndi ng or
other fornms of wnding, the primry nagnetic segnent
or wireless mat will not power up. In an exanple of ID
verification, the verification is done by encoding a
Coutroflecfarilderdity (‘0Bt') eerificatiphi n t he magnetic field
during startup of the primary magnetic segnent. 15
Using a cross correlation technique, this signal
Figoedst & and\Bb lillubteatde @aadiecbcantiiolien 80 retdgrated ihehe pamadansignetic

sedfidflont ol PRl ve eGSR bt TS fURRD b qercion nd

corivirlunicptien fesguret tosbgrimpiememeﬂ MblletnlsplieetlﬁtltﬂbgeShe prlmary and
buteqfrectlflers I n ng] EF T% ¢

seBoRaf, PiFEIe Searbes L imeh o Rethe tr oG fsn i prevents

unadtherized athérd pefirtyFagctHseorga hwﬁtmur arréagnlempatlm@rmm 9de vdutientic
wi ndi ngs_ar osi tiqgne ori zont t are .

sedhih PERBb R Simert Ry Bt At foussliauithes ansspiosion

or fifee Irnahexamplawf (tjﬁknmmah?fﬁtawn ﬁf%rﬁihﬁorﬂbamﬁd sy%rﬂ;?ﬁahhgnetic
a ir.is space art fromthe other pair. [

s B O BP9 R, SRR Y ULRG GReTpimS o (1 ey e

prifpaGkmaghedit skymisnt @akegss\hat will Astipivey @pcoupl i ng from
the primary magnetic segnents. The nunber of nagnetic
cores wth wi ndings on the secondary nagnetic segnent

In ars exdrhple @$ 1D vetifedtidom th@@éﬁicaﬂ@i@&i@ew erftRHRg Laiqiesignal

paggoed or .renoved tg@&n reas |ck p dependent on the

hiny the, PRepela ing S Fupr fy ey RIFFRRRY smagnetic segment.
Usihper ebes eorrélahlam(l@éhrfqm W@lbhélq;aﬂferrﬁ@m&ﬁ&i@bdéd end kiakched

segnent to_the secondar net i
oy ogesrfey Tasgets, SHETert: RBl By coRGs A RBPOMRD dnagnetic
sedtherTREN eédefveCdPaffs orfpbiier @ahsmigace on the device and
the device's power requirenents. In addition, the

shape of the magnetic cores is not restricted to

MuW@rn%gHet 58§inBREVAR MuRipTE Bridg_crag ApREribited PctiHidis"

form such as circles or arcs he space 96 is neant
for enbeddi ng control and other 35 peripheral

In zl';]léfgﬂnbédlmﬁt the $&%Wrc)i’rcﬁ?g&etsé&‘or§i‘§%ﬁ‘$gne%§6segrrbe7nt is

her feature of this secondary magnetic segnent
illusteatehon iawe 8al FeHr gragnslic eoresgnuith cwindigaenare positioned

horﬁ‘z‘é\‘lﬁill?tﬁ;\/ooz;reapcf%f’ﬁoﬁe&Of g@t@éhetshﬁgéégégf% \Qh& E;]apé’llbp &m the other

rectifiers connected to eac as S own I n )
tworiAgather dayr 9ftere pigiced veBigallyd arainis epadedsanasicirom yiengther pair.

Th.@%%h?%em%e.&xtésw@%&élyswd SRYRLAtieh! BEk-LP%f HERIARS e via

educes ratin
inductive coupling from the prlmary magnetic segments. The number of magnetic

cores with windings on the secondary magnetic segment is not restricted to these
numbers but cores can be added or removed to increase pick-up dependent on the
device’s form factor and power requirements. Therefore, the optimum coupling of
energy from the primary magnetic segment to the secondary magnetic segment is
largely determined by the number and size of magnetic cores, available space on the
device and the device's power requirements. In addition, the shape of the magnetic
cores is not restricted to square or rectangular forms, it can be in any other form
such as circles or arcs. The space 96 is meant for embedding control and other

peripheral circuits for the secondary magnetic segment.
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of the conponents used, in particular, those in the
rectifying block. Al so, |eakage flux pick-up can take
place at nost if not all corners of the device with no
constraint on device orientation when placed on the
primary magnetic segnents. 10 IR transmtters 98 are

AnBthaF fRenr8'or 48y 's&@or%%?f&tagﬁé}icg%%rﬂ@?@wlé tHR Ea@r? column or row

pur poses as seen | n Figdr I'S provi
of gaggatic segrentdi qoadistsophaofain g meghetiacoren wht hmige regtifjers

corI{ C{Qdogo é:’é%fnté{\‘?er £ Y RE %hqﬂ Flgg‘tgg'db' R dlstrlbuted n(?ture of

) entl i cation unctl'on |t|es |ncorpora )
rectfyirtg pewvarr sgetgydodustively iconpled froincihedeaiagelflusredusad ratings

of ﬁg%mg%ne*@hsgérfn gQrGflc&Igp ?%%qn ltﬁet r%cﬁlgﬁ\%g)r dcﬂaépéo 6\ngage flux

secondary se non-1ntrusiv
picksipcadideke Pl@ceuanoslerrm iall chrers glithe dmme withene oerstraint on

[ shown.
ol GHbionYne o Y RN 3 YeBRlenls o
paral l el to detect the presence of at least 20 one
| n | | G
IR TASRRIER Sol K Geclich Yoyt Lo R RIT Phimoses =
seeyf ingFiderei Qae Thtsrwovldp@dawdwaof hardwileR foee of identification without

an@?@'ﬁﬁ%? s%ﬂ\gr h|n§eera'i gh. nA?(ﬁlfi’?ﬁé? ef&er@lﬂgét%o{u%b@&%ht?es can be

e on
incdre:pmted) sucrdeapelamgra ccxnblhh’mrt bfr mEnadodtroltdrs algé sees$drs gt can

be %wgte&qu; |Hgﬂ§§ p‘flb%r&?%rci‘é géco%a&%eé%ems ﬁ %t o éﬁtrrt?sr\}q \{é&o

e curren ntrol 0SCl
and this |owers the switching frequency of the power

t her e ncreasing the power coupling. In
Seé%‘i%ﬁecﬁ ﬁir u'the absence of the device or a fully

char ged deV|ce woul d deliver yet another

nat e.vol tage t he vol tage detecto
In IP {) {10‘ toPgEFL?[H/e? ?/P”H‘iafye’@?&ﬁ?j' |sf§%8wn There
is atthéa:utl ohe R sembr R20tconhéeted W paralel d:@déﬂeoﬂ the prexzaicé babioeast
cre o r.educe

ond RieoliGTiEAeHed A i Magrefidssombn B8R he phEARGFagnetic

se@ier’lﬁedeteaﬁ the praseriss, ?Eﬁse@vmtdjitzéhgmﬁhbhaﬂl of timIRi r@belvers
t ow enc WIC ur e

chdrg e Bl g PraHortEBAle: VS0P B S OBRe Eiector.

Thé eniiagadetectarg Riebetdeit WTe e trﬂ‘bawdkec/bltégee@emagt 8@kches the

from the seconda magheti c.s crlbe n
wang G 1 of T8 sl FuE Cov SUFeL BB 555 doL bR B sentrolied
osdie@H andrhié LIB&Ers the switching frequency of the power swutch thereby

increasing the power coupling.

In another instance, the absence of the device or a fully charged device would
deliver yet another proportionate voltage to the voltage detector to switch off Q1,
thereby, directing current flow through R1 and R2 to the current controlled oscillator
to increase the switching frequency so as to reduce the power coupling, i.e. standby
mode. A capacitor, C1 between R2 and RS, eases the transition from high to low

frequency switching.
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Vol tage detector 1 is triggered to switch on QL when
the rectified voltage is below a 5 voltage threshol d.
Wth QL switched on, @ is also switched on to power
up the IR transmtter, sending a signal to the IR
Figuse 40k shews the h@e;matlmfwrm@mtthe copigehedincuits oo thrpeggondary

By SLIAR, 958 64 SRl TR SELATErpHFBRAR: Byt
dew@egen ge|eadico embodimesBisgrguatedyoa how Eirgeeut RegulstassDO).
Voﬁ%e S&E&EEH '.&9 Qr%‘d‘é\ﬁ%%t&# Bn %?F%Qﬁ'iﬁé %@Qﬁé%*voﬁagé%”ﬁé‘éw a

oot - rou circurt 1 an el ectr
volthgei theeshold. MYith Qi switchachon, QA is/alse sivitehad en to pawer up the IR
) c [
vafi HRE s HARRSFLLN 1 W ISl B 50 iR imens
to 9@W@hd¥3r‘~!¢0|i$ag rv@teomrs%gwas aj s;mdammepomlas goltdge detector 1 on

thee,l_&?groqjmuqvgllga\@u ce at the only proprietary connecting
por a user 1°s unable to connectother accessories to

t he electronlc device. This description, in

cBfld Bl Tor O RpSekBredhcct | ons and could |

enconpass other proprietary connections 20 As such, a
en _the

F.shogg-% rough circuit (%@ |s | aced,in betmn 10,
'GIEGal 2ORYS St pney ¢ ?%8”%%!}{6’?1%9&195/0 ﬁﬁ%’ﬂg?ﬂz a
sh@c&ghfengh ]:itﬁult 012, b Géaéﬁrﬁwﬂe\ﬂceldew afd la'ﬁ_m)?ernsll lirdwdréal serial
at es,_an, addi ti ona tiple . . .
oug (AR RRESkgh Dien Ul RbreleanaBls Fevis Do dimitsd prgpitery
comhmtiili@ eitirtson When tay }Sec@ﬁjlabp mhgvleeé mdh#ﬂt ds Ct&)hhé@ted 25 the
tivity sol utions -
eletlsli dPvicon A ies 1onye P SRietY CCRRCcs PG A Larats LGRS to
commmﬁkﬂ acdéﬁgjd ki mlthgegé’ﬁﬂimcladléﬁb@f THig (dessastion il particular,
| ect.roni c deyice . e electron vice sits
reffjsc i 58 CERRIPES PHA ool eHECtatdp ool 4S8 Songedions and coui
en¢uySdse Vthet PRoERLArY BonnBitBoiNnect ion is fornmed by a
connector 124 interfacing the electronic device 122

and secondary segnent adaptor 120. This physi cal

As c:mned@t smt#r&o@gmnrrb@t a]gx |§\ﬁ'bl£dédﬁmaﬂawbgﬂtthétreg§lated output
e en on th e of. connecti on use inth
volfgEl e the recagacy Sigeretc RRES " 1540 3 clstroniisvice. Tris

c.ramcam@i@womga@tbs GnS&@HRINaS oF imiuttipld lc¥nrdefions for USB or other

proprietary connections dependent on the type of portable/handheld device.
Wireless connectivity solutions — Bluetooth, FM

Figure 12a and 12b are a perspective and a side view of the secondary magnetic
segment adaptor 120 used with an electronic device 122. The electronic device sits
with its back resting on the adaptor 120 via a physical connection. The connection is
formed by a connector 124 interfacing the electronic device 122 and secondary
segment adaptor 120. This physical connection is proprietary which means that it is

dependent on the type of connection used in the device.
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sits on the back of the adaptor 120. There is also

space 128 for circuitries relevant to radio circuits

or wireless connectivity solutions such as FM radi o,

Bl uet ooth and Zigbee and the |like. The addition of
Asrshawg ieiRiguies 422 gRds!Zonthe sreondary neagretic Isegments caircuigy 126
S|té18|‘?§ne' Wk I%@"ti:% éﬁ%térqrzﬁ‘ Pherdlid ALES5a& F EVduktfes releyant to

functions 0 transceivers can be incorporate
radi@) cirgidiis| Pt wireless aasReaiiito solbtionsudieh 8t dridirediof Bietadte and
[
Zlgg@)é 6’:\?\ tﬁ(gllllle:é\./ll;lgw%gﬁs'ddgﬁhscgl\ﬁcrhé%Elbl\ﬂjlesrqﬁk%nfmoag C#%Vmgtga{ fhetWice
dog¢ noidave BNy fasaedfwingtess waoneabivity Bhetisneot h t ranscei ver
chips 10 can al so be included for wreless

conmuni cation functions such as beam ng audi o signals
FM ragdin transceigeiscqanthe incolippediedts faeiiidéetranshiigsier of audio signals
ol ABSRALYE! P80 NT i LbidEeal0h 35900 806 dotie g an
FNbl@QelvemﬁlhequMQe ispwithreut f Metegeiging junctios. %lndoe@dmmde&iger chips

}é'oct?esmfcgjﬁe%a&r \glk%g? &?T%Rlcipog'ltr ftuﬂ?tlo% s}%:b\gsft?]eaang?g audio
SIgoalarfgxrm@epmvlcabb @ wiredetsr maideetd 8igbee fransdeiversrearhioel utdized for
seﬁgirglaﬁéscommc@ﬁo{l rfe%érﬂngcﬁfnmgﬁﬁl%dm&a@ r‘PtrﬁQ%‘ég muItipIe

nmass consuner rod such “as ontrol'l'ers
prin'narytcﬂnargmg(mtaﬁn@@@én%@,deﬁowf@ﬁﬁarghﬂunt endo W i and

Sony PSP 20 etc. Figure 13 shows the cross-section

view of a Sony PS3 gane controller 130. It is placed
Applicatign of WirepsisiGhiargimyptocGame Coptenilersl 32 and nagneti ¢

fields lines 134 flow ng out towards the page fringes

to the other magnetic core 136. This fringing
Apardrioat pewdringlat chardvey persaisisl eI@btchm@ gevess, ks haghod of W|reless

enggy HATeRL oaE B8 Rblep Grather ABsGsn s b oA ot Vi as
gatdSBohtsiters ﬂ]moigbfebf 'xsogeqm ,IShytRB3, cm:mfegm (T zﬁhdl\Bery PSP

t coniro e erore ar as se | .
etop P oy hels - sarioanie ol 2 Sty Gama et pr ago. Itis

platéd iofplop reg g @dmﬁw E’(b@néﬁ@@é ém mma@d lnﬁ?agn%ﬁieﬁl'@rdk lines 134
conmuni cat t t contro her eh ep
foWifg Qb Srasts Sespage Ewopds Tt AT BSGREE Ce {45 Ibis finging
ma\@hémi w@@ isCRAfigHsag onrddepiéd Byahé eeoobntiaRt skegﬁndm&ﬁer@ay kedrging
pli t| on that w reless charging cou be applicable
th%‘lsoo 3pnst ant" charging with wireless charging. By
i nt egr ating | atest energy storage

In the case of charging the Sony PS3 controller, a USB host controller is required to
communicate with the controller before charging is allowed as seen in Figure 14. In
this instance, a host microcontroller is implemented in the secondary magnetic
segment to communicate with the controller, thereby replicating the role of a Sony

PS3 console.
Application of Wireless Charging without battery

Another mass market application that wireless charging could be applicable is

"instant” charging with wireless charging. By integrating latest energy storage
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-16_ technol ogi es (e.g. super capacitors etc.) into
the current invention, it is possible to reduce one
of the major pollutants, battery. Due to the increased
demands for greener and nore sustainable usage of 5
techegjogiee ¢8 9. Tinrar cahasitordheten) ipfof betaurneot invelntinm, iitub tpossible to
' ake a long tine to break
red&llgév(mbﬁeé?ﬁt%@ 5rt ecﬁ%g] %g?{és&(l ncl udi ng rechargeable) is
not the perfect solution for energy storage as it has
Du@ {o M %qgérég&fdt dleh'faﬁﬁpa% O%rjagn&ngﬁ Ymote? sﬂgﬁmab|e usage of
apab start ora e"once eave
resphrses aBtem Daembednagffantstty pédimk raptishvietoxic Mfaethmwaﬂte thabtake
ter two years, the capacity will be
aléng ucetéyt%gglgpp\@gm mately 20% - 35% per year. To
mnimze the environnmental inpact, there is another
P 0
Bag&s/[hggwng)sog%é @LCYU chaf_(;%aWeﬁ L&eHﬁstéEﬁeﬁggtdsé%I&[%efor energy
stothgei ae it has wllnhlted:‘@dctdéesplae dbp ameegyc etocageocapabilitit kiarts to
Lot e e I f ' (e.q.
det%lflépﬁlie gnc!e ﬁ\gy I&eﬁ% tt’ig ?Qct%rg/ Jr@mgas?éé‘i%g‘t%[l 8E%éﬁ\l}§ﬁé§%n St-che to
tweeyea rgyAEterdwaglearsc thepmpadityswit! e reduavad Ibg sp ptdxenately &0Pe35%
%he devi ce, such as super capacitor etc. 20
P& eni ng or Joining of Miltiple Primary Segnents In
this section, a method of joining multiple primry

. [ 1 h i, nar
To SERITERE the, SnaReifbridl b8t o8 in 4BEP aPeBRh i dipay jeoyer
witlarwk th@lneeedon batpaies s wihowtlimphciing thiedesabitify oﬂwﬂnesda@nmnﬂt will
t h t 25 but th
redTBE 108 CObREHos BE 0 o RETIMIRG FboPithesi PReeL M E iy ficture
battmelaoda g. ohtlmomnetn;) othaf acitoi teplae baperiesi wnthoénérgg storage
char of assenbl

corfpieds el eArany HelBRRT 1R fRe S i ot

segmsnt so as to charge nore devices. It also

Falghing e dinite, S MBI SRR SPNER ng descr i pii on of

several preferred enbodinents is intended to be

urely illustratiyve of the principles of th
In tg oA me&ha? Wé#O'?'H%H‘L@iH‘éB%'PPWéeBH@P&'P Sﬁawa in Rigure 15.

In §5k§tﬂ@ﬂﬁ1a%nﬁe%rﬁéhtatnhélé1Sco\ﬁhéétoﬂ%e1Siplaﬁdi €BinaleO cortri¥R s 152 are
art and that the pr esent invention

in t
plaﬁ%c{ iy PRSI foyr Bilep iohihe-seareRMeFagmeRnneior bas yo @@S 154
butfthé thWambBr bhieadHLaPBE NErédsdtMependent on requirements. This method

of connection facilitates expansion of the charging surface by means of assembling
multiple primary segments to form a single, larger primary segment so as to charge

more devices. It also physically holds the primary segments together.

It is to be understood that the foregoing description of several preferred
embodiments is intended to be purely illustrative of the principles of the invention,
rather than exhaustive thereof, and that changes and variations will be apparent to
those skilled in the art, and that the present invention is not intended to be limited

other than expressly set forth in the following claims.
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-77 W claim 1. An apparatus for wireless charging a
devi ce conprising at least first and second nagnetic
cores, each having conductive w ndings, for generating
first and second 5 magnetic fields, wherein the
Wenglgifet i c cores are positioned adjacent to each other.
2. An apparatus as clained in claim2 wherein the
first and second nagnetic cores are oriented with
1. OpEepanetuspior wirtlepe shargingl 2 device cemptising Atleaslolirst andrsengnd

- CLt Uit . W gﬁ{gﬁ{ t £ G Lol
ma%&lécéé%ngs’a%{)cgr Iggtvbn%é%cl{cg\?ene [ trgi@%@ﬁ]b %r%tu%cﬁgercond
magnetiaiitiids, ahetsin thermaggretic cowsrase ppsitidned adiasentctoieash other.

wi ndi ng and two opposing polarities for generating a

third magnetic field, wherein the third magnetic core
2. pe appsratusoreclaintidaio extaimt 2 whireeirs theditst andaggoond enagmetic cores

. . r | : . .
el e BRI 510 baTBl chofbablr e} Bk
witio fgogenegated hegneliefielgrmr al | el to each other for formng
a closed circuit wth the generated second and third
magnetic fields. 5. An apparatus as clained in any of
3. Ahappastedanglaghed s claine rieom 2 tfhithereigeiedesca 36 omgestic core

| L0.Qn ar, r _as, cl aj .in .
redhf o SR ahd P SoRHRF Rhetel ol SRl i
magoeticitaid, avhereig thd éhindergaghetic aos ssposRibn@d adjacapdartiad second
magﬁetﬁ: c;';\oirgnsd in claim6 wherein the magnetic cores are

oSitioned in the casing, the magnetic cores are
equi di stant fromthe opposing sides of the casing. 8.

t us [.ai i n f the ecedi,ng cl ai ns
+ Q0 ePBRRLEI4 oSl Rl Préh b BEREr R ety Bres
arer @eetedewid epptosingglolapities pafatiel tpreavh dihegfoe faroting & aloseBEircuit
. to .t he w ndi .. 9. . ratus as clainmed in
W'ﬂgml/ée%?ne{ éﬁgd B?%’é‘@aﬁ“ﬁgﬁ%‘f gﬁaﬁEA&bcgfgeﬁ)(gsti vel y connect ed
5. Antdppaesan asiclairoed én taay oftthe reesiding dhiest wheraln {hewaagnetic

Corggrareorr)gs\llﬁo%leggpgrlt_ect rical power to the w ndings.

6. An apparatus as claimed in any of the preceding claims further includes a casing

for containing the magnetic cores.

7. An apparatus as claimed in claim 6 wherein the magnetic cores are positioned in

the casing, the magnetic cores are equidistant from the opposing sides of the casing.

8. An apparatus as claimed in any of the preceding claims operatively connected
with an AC/DC power adaptor to receive electrical power for providing electrical

power to the windings.
9. An apparatus as claimed in any of the preceding claims operatively connected

with resonant converters to receive electrical power for providing electrical power to

the windings.
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35 18 _ 10. An apparatus as clained in any of the
preceding clains further includes an i npedance
sensing neans for detecting a device for wrel ess
charging. 11. An apparatus as clained in any of the
10.pAscarparrjue lagi glimedrinhany phiieudreseding iagima fughereigicludes an
: : v : : rgi ng.
R o e B o B R o W Rer BB 1
clainms is adaptable to operate wth any el ectronic
1 e PRoral R obitiaiiBa TP REY B 9 o Sbadild Bo R IUARG flilthlan it
redesanisonteq deteriingse dendse fonwirelegs ahdrgingt and second
magneti c cores, each having a conductive w nding, for
generating a magnetic field, wherein the magnetic
12.cAn epparatusmsstiaimeddal anyjoa enpretediea chines Iseadagtableato operate
: ' : ining the nagnetic cores. 15 14. An
angggggfﬁgﬁggggggined in claim13 wherein the nagnetic
cores are oriented wth opposing polarities parallel

194 B SPRBRIIE st SIS 2 ElORSIEHERY S ) 3 crene
segmqiltﬁedadhnnagrwtims_eament nahlimmerf@trandmhom@g‘rwheﬁn cores, each
ro 9B hau e MIRknd 06} YT BSdh R SRyl Pt
coree caedposiipmet | adjaaang . to 1€achAnthep pandt ascasinge fai cwdaining the
ma@hgﬁy&%g§MMerein the second and third magnetic 25

ores are oriented with opposing polarities in
parallel and formng a closed circuit wth the

; Lot . .
14980 S8 S ALY LR Bk e Mol i R e
with @pp6sing eokrities patalleinagesshi aherefpréorming apdsesdd croad with the

|_di - £ t he adj acent magnetic segnent. 30 18.
ge%ﬁg{aegp@érﬁ}%hgﬁéc@@cl aimed in any of the preceding clains

13 to 17 wherein each pair of adjacent magnetic

S nts.are_oriented w.th the etic fields in
15'0%%03 Ipf'aiatusdlg? ecalrinsﬂ dn c\f%m 1§ OF ﬁa\%nereln each” magnetic segment
further includes a third magnetic core, the third magnetic core is positioned adjacent

to the second magnetic core.

16. An apparatus as claimed in claim 15 wherein the second and third magnetic
cores are oriented with opposing polarities in parallel and forming a closed circuit
with the generated second and third magnetic fields.

17. An apparatus as claimed in any of the preceding claims 13 to 16 wherein each

magnetic segment is positioned equidistant from the adjacent magnetic segment.
18. An apparatus as claimed in any of the preceding claims 13 to 17 wherein each

pair of adjacent magnetic segments are oriented with the magnetic fields in opposite

directions.
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19. An apparatus as clainmed in any of the preceding
clains 13 to 18 operatively connected with an AC/ DC
power adaptor to receive electrical power for
providin el ectrical power to the wndings. 5 20. An
19.app APRaiAEuUs 3s Slaimaddn iany & ythefprededingr c_l@ms. Tyt 18iaperdtely
LAt
Co o R o SR poif B e RSk gpall irFpficing
eleplsigalrpomsr thibewrindingsgs. 21. An appar at us as claims in
any of the preceding clains 13 to 20 further includes
10 an i npedance sensing neans for detecting a device
205 p apPprEtussas clrimed iy anp 2f thag pegnedingt cidimast X kil Braxperatively
corﬁ‘f&te@%&hﬁ%s@’ﬁﬁ? @glﬁ\fégt]gfé 3 Jgﬁelae’gelta&ngé &)o%F %‘?#ervfb%&ggétncal
an infra red sensor tor detectin
powgrrte theswingingegi ng. 15 23. An apparatus as claimed in
any of the preceding clains adaptable to operate wth
any el ectronic device. 24. A nethod for wreless
21.dhmpppargtus agesidims, in ahe ofrtitehpréceding clagnn g3 by 29 'rftd"thmg includes
o P o N B e P B s B S SR BSOS e v g
the magnetic cores adjacent to each other; and
f !
22 DDA SL SRS 9250 Lkl 32 3R TRGAN ntces
an ifrajrad sengon lfqrhi@teqtlng hueice dor wirdléssgchargingragnet i ¢ cor es
wi th opposing polarities parallel to each other to
forma first closed circuit with the generated
23.myyapparatusi a8 disimebin @nyet tredprasedih@iclairds iadajsthbliento Zeberate
witf?én)?él I:t%rh(pgéwéend udes providing a third magnetic 30
Core” Ravi Ing conductive w nding, positioning the third
magnetic core adjacent to the second magnetic core

[ r the.thjrd conductive
S w"ﬁé h%dr%gr\glreq%s éht%ﬁi)oé)as &f &ng]‘?t?f’dc? AMRASEW £ ur t her
[ ncpmdldmgoﬁrrsbamd sgcdridemagoetitdcerasl Haking ccondeglivetwiadings and

C : osing polarities parallel for formng a
Moc(fbrgggla Hr?a(r:'ﬁ%) with the 35 generated second and third

rragpxmitiomirfgnbémagneﬂcocc%s adjanettiodactsotbeaiangd i n any of

o B YRR ALOPE Bhe il il SRR Shranas

25. A method as claimed in claim 24 further includes orienting the magnetic cores
with opposing polarities parallel to each other to form a first closed circuit with the

generated magnetic fields.

26. A method as claimed in claim 24 or 25 further includes providing a third magnetic
core having conductive winding, positioning the third magnetic core adjacent to the

second magnetic core providing electrical power to the third conductive winding.
27. A method as claimed in claim 26 further includes orienting the second and third

magnetic cores with opposing polarities parallel for forming a closed circuit with the

generated second and third magnetic fields.
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5 29. Anethod as clainmed in any of the preceding
clains 24 to 28 further includes detecting the
device; determning if the battery voltage | evel of
the device is below a first threshold; charging the
devi ce when the battery vol tage level is belowthe

28f 'A %‘ieu‘i&{ 83 %%qu%d rﬁf{alg{hlg rﬁ}gf%ofmgtcﬁg n‘fsh% % ? fur?rher includes

npl et e; ar gl ng ent
dewhhmsgthegielvsed@‘rmrm&s chargmgA method as clainmed in claim
29 wherein the battery voltage I evel is above the
threshol d, the nethod further includes decreasing the
5 29phwathedi@ptlgimetisn 3ty ofthewrémedirgsclaiai24ed 28 durthemiinoliigs

or r Judes determning if the | ow dropout
It%gtegHﬁiﬂ'gt?g\k/’@ga second threshold, wherein the | ow

dr opetﬁmwﬂg ibthpe bagterybeltege tefvel ofelmmdmjn&ms bsloal alfirst threshold;
vol tcfallgr‘fglng & dg\ﬂéé Q/geﬁ n% L ryr vo%tagg IIeX/eI |§%elow]1he first threshold;

determining if the charging is complete; and

10 terminating the charging when the charging is complete.

30. A method as claimed in claim 29 wherein the battery voltage level is above the
threshold, the method further includes decreasing the power supply.

15 31. A method as claimed in claim 29 or 30 further includes determining if the low
dropout voltage is above a second threshold, wherein the low dropout voltage is

below the second threshold voltage, increasing the power supply.
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