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THE | NVENTI he present invention reI ates to the field of 6

distribution in coap 5, the present

A i nvention
relates to a net ‘ Yhi gh
frequency alternatin _g_TERN@HNCG SQ_RHEWTPOWER@MIBUTI@NSS‘%WEﬁAWmND
OF THE | NVENTI ON Power distribution systens serve the purpose of supplying
power to conponents in a conputer systens. Most personal conputers can be
pl ugged i nt g18; ptEpdaneERgioNcal outlet. The power distribution system
supply pull s the required anount of power and converts the power from an
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regul at es tq ol t

K
ot o ect r resre, SR EREHIL R el el oL R B Ty ea ety stierier 8

syst em powercostyphy comgbﬁ@gﬂnraeggth freoienoP dlid rasting2digred WP d¥shﬂ$ut:6ﬁmp| e
the system power supply to the voltage regul ator nodul es.” The connectors
typically i fét'tfle a male conponent having a plurality of exposed
conductive pins and a femal e conponent having a plurality of conductive
receptacl es. The conductive pins and the conductive receptacles nmust be in
contact in SAKGROQUNBRF THE INVENHONed bet ween the system power suppl y
and the vol tage. r
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t ransf err ed power artch&m@eme:etpemer fropisdnei® rmatifgl biré il gABNd&RBMNG aQfreitol t age
hi gher than that (E)I&jdowed by tg Hﬁ' le catl ons had to be_ redesigned.
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i ncl udes a transni ssion nedium A system power supply’is coupled to the
transni ssi oA SHEEMEANWEASHRRGh qo,ltégﬁfég@lytop@odulcs and connectors that couple the system

power supply to the voltage regulator modules. The connectors typically include a male

component having a plurality of exposed conductive pins and a female component
having a plurality of conductive receptacles. The conductive pins and the conductive
receptacles must be in contact in order for power to transmitted between the system
power supply and the voltage regulator modules.
The connectors used in the past had several drawbacks. Physical damage 1o the
conductive pins resulted in failed connections. This affected the reliability of the power
distribution system in which they were used. Also, manufacture specifications typically
limited the amount of voltage that could be transferred over the connectors. Systems
requiring an amount of voltage higher than that allowed by the specifications had to be
redesigned.
SUMMARY

A high frequency alternating current {AC) power distribution system is disclosed.
The high frequency AC power distribution system includes a transmission medium, A

system power supply is coupled to the transmussion medium. A high frequency AC
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(VRM) iswoupt@sh to the transm ssion nediumvia a contactperdsoofgssaect or.
BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated by
way of examoga@}QOQQ{or% (\QiM?}Js'c'%E[@@ tPRe! tﬂingrh%s:oh écﬁ?mQ/ b&ltact]ess
acconpanyi ng draw iigs, in which e references | cate 5| m

el enments i ncamkcian. whi ch: Figure 1 is a block di agram of a conventi onal
direct curre Elgure 2 is a block diagramof a
conmput er sys: T jams i Aot of the present invention;
Figure 3 illustr %@%r@eﬁhﬂﬁéﬂﬁ)@qi llmﬁﬂéted/b;,eWanoféx&ﬁ;ﬂE%ﬁH Abl B§agennect or
according to an enbodi ment of the present invention; Figure 4 1s a block
di agram of dimitatpein te figyres oyt KrPPENRINSUEPITEse BUphish tholike rebsenseet or | ess
connect or aq&a%;ﬁ'ég%lfa%ﬁﬂqeﬁ&hﬂ%m&m% the present invention; Figure 5 is
a bl ock diagram of a connectorl ess connector coupled to a post- regulator
unit in a high fiéguendyaalockdmrgrinmgf &cenventionad diregeurregupatandistizuioat e
according to an enbodi ment of the present invention; Figure 6 is an

equival ent ¢'Y€Tit of a protection circuit and a post-regul ator unit:

Figure 7a is a blregke diiagbrirk ididgtist bRk Eagpulevd eesn Biglempatingd &dilﬁ)dﬁirhal&Si S
of a conputer system connected together in a daisy-chain topol ogy and
power ed by toh&CHITeIsnt FVERif®Acy al ternating current power distribution
system accor di ng g r@@lﬁmaﬁysmssgt:cnénmew%%ﬁ%nh&vmgeshncEeoguéc%rcKh is a
bl ock diagramillustrating devices external to the chassis of a corrpu%er
syst em conndeeedmbodjotenee! the peestnibnteopen;ogy and powered by the hi gh
frequency altern n
erbadi mont of - ¢ RSP 43EEDRRK JRNRE oFhehi i sh A, QR RDP R LAY
illustrati ngoanamtrhemlcdrmemdr sdcording oy cpded meac bt p‘rgsdnonreznnucenbodl ment of

the present | nve@ig‘uOrQS isa bﬁ‘)ck%lx?agpagnsgﬁzll cPt;rIJneOc\éorIcss connector coupled to a post-

regulator unit in a high frequency alternating current voltage regulator modulate
according to an embodiment of the present invention;

Figure 6 is an equivalent circuit of a protection circuit and a post-regulator unit;

Figure 7a is a block diagram illustrating devices external to the chassis of a
computer system connected together in a daisy-chain topology and powered by the high
frequency alternating current power distribution system according to an embodiment of
the present invention;

Figure 7b is a block diagram illustrating devices external to the chassis of a
computer system connected together in a hub topology and powered by the high
frequency alternating current power distribution system according to an embodiment of
the present invention; and
Figure 8 is a flow chart illustrating a method for distributing power according to an
embodiment of the present invention.

DETAILED DESCRIPTION

Figure | illustrates a conventional direct current (DC) power distribution system
100 known in the prior art. The DC power distribution system 100 includes 2 main
power supply 110, a connector 120, and a voltage regulator module 130. The main

power supply 110 receives power from a power source (not shown) and processes the
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Figure | illustrates a conventional direct current (DC) power distribytgomg

. system 1Q9ﬁé€’ﬁmbl n the prior art. The DC power distri but| ﬁ@é&%%nsloo

i ncl udes a ower supply 110, a connector 120, and a vo e regulator
nodul e 130. The wer. su pI y 110 receives power froma power source
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first swtch. u is coupl ed he fi uni t 1. The first
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converts t henddSCHWR: fidn HeGhsiNRAURNGY? aﬁcccsméﬁg theE pbSkr H}ﬁ@?fr@%dc‘iﬁéy 114
is coupled to the first switch unit 113. The first transforner

recei ves t hGapgiyes redugnepsinangoérs £oupiad teahg firss swiseli woh! Ui Thelfirst and
steps the h'tﬁﬂﬁ%ﬁ%"ﬁ’lﬁ&f\%sgﬂ xohdﬁﬁﬂefﬁcg k;S’W@rr f Xn%'tﬁ?ﬁ%ig\%&humﬁ Segand

rectifier uni I's cou ranst or mer _ e secon
rectifier umieps ﬂ]ﬁﬂngleﬁeqmsy Mpownrgimertequeweryvm@gpmmer A saront hetifier st

t f the high f C A d
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filter unit tHelifigh ¢egimry ADgoWkr POMRKe fifsOMmiishanReefnEortvefit tfel BEh HEqUendylS
and filters away noise fromthe DC power and transmts the DC power to the

connector  TSOPOYREIOOF PaYyer- r%@%ﬂoaflcﬂtﬂwam b 530upled &9 e seeand rextifisoimit from
the connect qf5134e sanflairiiet BRE 1 TEQULiH e e &98}’%?0&%%05%@%%& é&?ﬂ“&r%hr\%t he

power to a conmponent on a conputer system(not shown) e vol tage

regul at or maad Fiters3ovaymelisgdensn thedaC pawer e raymitaithe D8 powEhe becordconi t ch
unit 131 rqu?ves the DC power fromthe main power supply 110 and converts
the DC power "to AC power. A second transformer 132 is coupled to the
second switch 13IThe Moktagereguidior masdafeor3fetcei ecehe/PE pdwer AGnpheebnnektopm20he

second switch and steps the AC r down to a lower level. Athird
Fectitior | G [orhes e e is BO BTG TGBUBHGA T REMEF ek CormBER Ty
rectifier respi@ssysién Mot RRNET). md;oﬁggwﬁgﬁlstdr tndd1eDGoNANREes AAes&foNd
filter unit 134 is coupled to the thir ectifier unit
switch unit 131. The second switch unit 131 receives the DC power from the main
power supply 110 and converts the DC power to AC power. A second transformer 132
is coupled to the second switch 131. The second transformer receives the AC power
from the second switch and steps the AC power down to a lower level. A third rectifier
unit 133 is coupled to the second transformer. The third rectifier receives the AC power
and converts it to DC power. A second filter unit 134 is coupled to the third rectifier unit
133. The third filter unit 134 receives the DC power from the third rectifier unit 133 and
filters away ripple from the DC power. The DC power is transmitted from the power
regulator module 130 to a component Tequiring power.
‘When multiple voltage regulator modules are coupled to the main power supply
110, the transformer 114 is required to have multiple windings. Additional rectifiers and
filters in the main power supply 110 would connect the power from the additional
windings of the transformer to additional connectors that transmits the power to the

additional voltage regulator modules.



133. The third filter unit 134 receives the DC power fromthe third 20 0CT 2003
rectifierwomotizod833 and filters away ripple fromthe DC powefrusihigofzC power
is transmtted fromthe power regulator nodule 130 to a component
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120 i ncl udes mal e conponent (not shown) havi a plurality of exposed ,
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illustrate conput er system 200. upon whi an enbodi nent. of the present
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instruction set” conputer (ClSC) m.croprocessor, a reduced instruction set
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sets, or other proceéssor device. Figure 2  shows ‘an exarrpTe of ®t he present
i nventi on ishpveseeraplonf thegiresghion prnsior swplencomduinersingdy stoerss200omploeever ,
it is unders {tgnq bhﬁov:[fcqee Fi)tri(sa’%r(? JrszEQA’%QHhQ”r”a IiQ\?eni['nEl v nt'edfi I %
conmput er systemhavi ng it | ple pr'ocessors.p The proc'8 Y B0PR p'I"ed to
a CPU bus a2bfhputtakydie@naningsnudapla psocgsalss Tiet proeRspro¢ essaipledQd aaTrd] ot her
conmponents in tb{;@é‘ [of0) utsgc{ system 200. The conputer system 200 i ncludes a
menory 213PUSRE ehB RSB DEVERARIRT S Tan v GRY QHtEE SARRARAISN UIsRAN)
device, a gsymphiePBRdEmdbpect random access nenmory (SDRAM device, or other
menory device. The nenory 213 may store instructions and code represented
by data signal s ThRapmpaiEr BEseR @eY insidsy 2 peanqsy 3¢ as ey mep1y 213 may be 2

dynamic random access memory (DRAM) device, a synchronous direct random access
memory (SDRAM) device, or other memory device. The memory 213 may store
mstructions and code represented by data signals that may be executed by the processor
201.
A bridge/memory controller 211 is coupled to the CPU bus 210 and the memory
213. The bridge/memory controller 211 directs data signals between the processor 201,
the memory 213, and other components in the computer system 200 and bridges the data
signals between the CPU bus 210, the memory 213, and a first /O bus 220.
The first YO bus 220 may be a single bus or a combination of multiple buses. As
an cxample, the first /O bus 220 may comprise a Peripheral Component Interconnect
(PCI) bus, a Personal Computer Memory Card International Association (PCMCIA) bus,
a NuBus, or other buses. The first /O bus 220 provides communication links between
components in the computer system 200. A network controller 221 is coupled to the first
\
\

I70 bus 220. The network controller 221 links the computer system 200 to a network of
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A bridge-/nmenory controller 211 is coupled to the CPU bus 210 and thg 0 0CT 2003

nenory 213 ridge/ menory controller 211 directs data gi ween
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ext ended gr card or other display device controller. The
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control ler or other keybaard interface. The keyboarg Interface 232 my be

in another device such as a bus controller or other controller. The keyboard interface
232 allows coupling of a keyboard (not shown) to the computer system 200 and
transmits data signals from a keyboard to the computer system 200. An audio controller
233 is coupled to the second IO bus 230. The audio controller 233 operates to
coordinate the recording and playing of sounds.

A bus bridge 224 couples the first VO bus 220 to the second I/O bus 230. The
bus bridge 224 operates to buffer and bridge data signals between the first YO bus 220
and the second /O bus 230.

The computer system 200 includes a system power supply 250. The systern
power supply 250 receives power from a power source such as a wall socket (not
shown) or other power source. The system power supply 250 includes an inverter unit
251 that processes the power received from the power source and transmits the power in

a high frequency alternating current (AC) domain on a transmission medium 255.
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in another device such as a bus controller or other controller. The 70 (CT 200
keyboard i ntegofags 232 all ows coupling of a keyboard (not $b;qm3)w;11@3g he
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vol tage regul ator nodul e 260 receives power in the AC domain fromthe AC
bus 255 and 3ppedcipdedsthat q@egrstq:regvarevat@mp 50 rp@y1be ¢rapleddg et Esbus 365 fowmegh t o

2 Vol tage andnGURLARt Tyl EYELARPIARELALS! OFq bEPANPEERIRL oF e sybager di ng

to an enbodi nent o I nvention ORET S pry 250 is
coupl ed to t;isteveA@qlmlg ’)255nd/1ha hag Hf fré@kncp@ﬁtmnhgmgulamﬂm&ﬁiuwzaﬁz teendCt he

hi gh frequenc ﬁg ﬁlt ? requl at or. gZ.GOis coupled to the AC bus

255 via a setbrid> CHHICHEHasEREd ‘hﬁ'é‘ﬂ’t’to? °2’8 UCHVE CORBAPD ' be appreci ated t hat
the system power ﬁ?@ﬁé'%llﬁ&@até@tﬁcb@mgﬂﬂﬂ ye@mi ihvid¥ea A@IQ%%@F?@;JCHEPH@ ot her
medi a. The contactf{ess connectors 261 and 262 allow coupling of the system

power suppl yvo33ge eagdlateranedubh24¢ eappisddy thee\y 1t doe hé@@ﬂlébgﬁpmché U0 to
h b
the AC bus a%gﬁlu\‘i’ibtepgf'lhnéﬁ édc A b&td&?ﬂ#@%x&i mE}d?ﬁMH Kﬁl Wf&‘%ﬂé AC

Figure 2 illuStrates t r syst aving a single equency AC
bus 255 to provide rcwuialcd power to the components in the computer system.

According to an embodiment of the present invention, the memory 213, memory/bridge
controller 211, network controller 221, display device controller 222, data storage device
231, keyboard interface 232, audio controller 233, and bus bridge 224 may each be
coupled to a high frequency AC voliage regulator module (not shown) that receives
power from the AC bus 255.

Figure 3 illustrates a cross-sectional view of a contactless connector 300
according to an embodiment of the present invention. The contactless connector 300
may be implemented as the contactiess connector 252 or 262 illustrated in Figure 2. The
contactless connector 300 includes a primary core 310 and a secondary core 320. The
primary core 310 includes a first housing 311 that encapsulates a first core 312 and a first
winding of conductive material 313. Simularly, the secondary core 320 includes a second
housing 321 that encapsulates a second core 322 and a second winding of conductive
material 323. When the first housing 311 is placed in close proximity to the second

housing 312, current and voltage distribution is achieved between the first winding of
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vol t age regul at or nodul e 260 coupled to the AC bus 255. It should bc?n 0CT 2003
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view of a contactl ess connect accordi‘ng to an enbodi nent of the
present inventi oriccéhiing eninschbcelaco @i iegiresenSd0entimay wherd thpkentesiteed as t he

contactl ess connect gr .252 or 262 il ustraf ed in Fi g”ﬁ? g f.The. %ontfact | ess
connect or 36OMRE5ErFHEds H”EJFW”F!‘EF%%‘&F@O%‘N SShHP R onatdPy B PN U2HO! The
primary cor gohQiveeldudes 383 hi (he bri BAHSINQ3 Billhal Bakogme@nsedbi B cdnhédigd
core 312 and a first w ndi npgy conductive material 313. Sinmlarly, the

of
secondary cde Bie3eemRIRISEPRLY 38& bHAWNHIBUdsYE 23900 tidEcacupdingaf & a
second COfecgg@ﬁoggﬂ.ﬁ%&?@ atthE WcBfle ) GRNABGHAVE: IR balcafig3ag Vihen t he

first housin aced 1n close proximty to the secon housi ng 312,
current and combecagiaodhes AL Huat2i5 6 fshiosnau frigaved). batageding than émbsdimapinefithg of

WO 00/70431 2 0 OCT 2003, PCTTJS00111958 n i V. erial 1 n e
Lorond wi od PRSI SERR ST S e s Fareeas 30 I b b s MESoRRLNS
conducti ve GeRmRIATES, thEelRsiadndiag bl aesosdnrries ter300 ] fraythalpsimanppeeaie as a

transforner to step voltage |eyvels up qr down [ t he wi ndi.ngs of
conduct i ve eaYehsgupled tp ﬁéa?}r;ﬁ%ﬁfaﬂr&ﬁﬁgé%g&fb%%é £r tnd B gecand wiogn of
According t o, A, RN AERE0f2 3t eheREESRAl dof $70 inah be WBEFIE] I ScapIACt | ess
connector 3 I's 1nplemented as the contactl ess connector 252, the first

wi ndi ng of cownmtecktoviee high renegncs Yo apltagh eegmldtprngdele 60 $owrey) Fure dupl ed
to cable 331 connect t SHBBRLY: W b I Rl g & 2)
and the second vvlnlﬁlfl i‘f?g‘aéﬁ“%f ﬁgﬁn%@\égg}'?@%@#‘at erP%r?leéggc}é‘?n{)ﬁ@gg%gorcl)gtaﬂr"fﬁ

core 320 nmayolel iadigh freqietcyalxabdting3daentc drerent mdgredictdeeplAQ Hlesvs26S (shown

in Figure 2). According to g@t enbodi ment, QJ tdhce cﬁév%slgntl i nvent Qnwhene
the cont act IFBBECHHABUTSSIO 380 19 S rice At et “ad FRE Y E BRIt YR EHMHE or
262, the firghiatd THoRGu@ive BRpEMMHICTHe@ntTBNEE cahncdtck30ateliidiea@rdlaamisal cor e
310 may be coupled to a cable 331 connected to the AC{ bus 255 and the
second w ndicAgdustive paths between circuits and potentially hazardous voltage areas that may be
exposed. According to an embodiment of the present invention, the contactless
connector 300 is detachable transformer. The contactless connector 300 includes a
primary core 310 having a primary winding of the transformer and a secondary core 320
having a secondary winding of the transformer. The first housing 310 and the second
housing 320 of the contactless connector 300 may be fasten together to establish a
connection.
Figure 4 is a block diagram of an inverter 23] in a system power supply 250
(shown in Figure 2) coupled to a contactless connector 252 according to an embodiment
of the present invention. The inverter unit 251 includes a rectifier unit 411. The rectifier
unit 411 receives AC power from a power source (not shown). The rectifier unit 411
converts the AC power to 2 DC domain. A switching unit 412 is coupled to the rectifier

unit 411. The switching unit 412 receives the DC power from the rectifier unit 411 and

converts the DC power to a high frequency AC domain. A resonant circuit 413 is

-7



the conductive material 323 at the secondary core 320 may be coupl ed2id) 003
cabl e 332 wooommst ed to the high frequency AC voltage regul etnussondedse 260
(shown in Figure 2 The contactl ess connector 300 utilizes the properties of

el ect r o- magniupled ¢t switthirfouda i megbsofnazacvi&@mi@yec@ixieﬁﬁ@ﬁtf}é%gew Aent.
El ectro-magnetic coupling allows the contactless connector 300 to
di stribute \RINAFOTRHG SHUCh @St UK APHSIOOME dh Righéeaurachiyspeatr befomt act  of

conduct i ve GRRANERAL S onl8GheCORIRE S £S 8 LORNREE glrﬁtg i Brpd gR gl ect 1l cal

conductive paths befween circuits and potentia azardous Vv age areas
that may be mesaposedic résooantadimgitédd3 arcleebodapaenive ahd iridecveedemenisnyent i on,

th tactl negt 30Q i t.achahl.e t f . Th tactl
connector 300 TRI GBC A P poiies § BEFE S0 Ra0r R SIS eY: Ghndig of the

transf or mer @ndokeraveoendanyniedt theddMagh@iidged 18RIONARE Yuh eH Y iRk ENe
transf or mer Y The first housjng 3 10 and the second housi ng 320 of the
cont act | ess CorRAe AEEs3DDSHESHIBS uhihd] eHich dié thegrowes treaimibed ghtoghe AC bus

connection. Jssgiy @ededonaft dHcftk 19 AQTRMRImMdIENErter 251 i'n a system
power supply 250 (shown in Figure 2) coupled to a contactl ess connector

252 accordi ng to T restifodivmgrt! |, ofidhivg yriebdntespmmenitduirt | 3Thed iheventrelieruni t
poner 1 om " Baugr bt Pabe e hnd A SRS diier St R S e
AC power t 0 emntogimanmaf the phesent trobnig, theirectdik? uhis 4 CRUPLeEing @nitig 2 @edidni er
unit 411. The sw tchi unit 412 recejves the. DC power fromthe rectifier
unit 411 ancﬁ’”%‘bﬁiiraf‘g%?%%mw?lﬁbﬁk‘?2?4)”’33’ o GIHI9E08GRRLS SSRRICHRAHEIST. A

resonant Ci rgpittaid b3 dissrere ZoMBoRAR0EBLc AniinSIoh 208, PCT/ US00111958 coupl ed
to the swtching unit 412. The resonant circuit receives high frequency AC

power fromthe sWigwhiorgabhick dipgiammderpsiagtiess porghctpr aieamplcdAC agugler
before transmfting-~it t S gording. to_an enbodi nent of
t he present Weimrjl%/necﬁtj?%ﬁ? I %er%géggoﬁ?%d%% "r%%?‘for@l:cfsq‘:” %IE: '38%@”’5”&%@5&#3{‘?5\%‘ and
i nducti ve elieveribs. The coritlest t@mettdt 26Mibdludss coampf@thet Got BiovAC thats 255 and

the switching unit 412. The controller unit 414 npnitors the voltage and
current | evef§vss Mg Teanepen A5 PAWRE TARVEE s busid. dig twajiasper steps thahigkhi ng

unit 412 SU?P:HI&{]%E[ é@?o@gy\@&vﬁ E@QW&"I@Q].OchA(tjQ_?_]ﬁﬁ?@rrg%.tﬁ?t??%dmc?ﬁﬁbhe

resonant circ s at predeterm ned | evel. ler unit 411,

swi t chi ng unmdludet 2 protestooregitcudt T1d uint a4D3;regwldiot hiit 20ht Tal pretection circuit
511 is coupled to the AC bus 255 via the contactless connector 262 and receives power
in the high frequency AC domain from the AC bus 255. The protection circuit 511
regulates a level of current received from the AC bus 255 that is sent to the post-
regulator unit 261. By regulating the level of current that is sent to the post-regulator
unit 261, the protection circuit 511 prevents levels of current that might cause damage to
the post-regulator unit 261 from being transmitted.

According to an embodiment of the present invention, the protection circuit 511
includes an inductor component and a capacitor component. The inductor component
and the capacitor component of the protection circuit 511 and a resistive load generated
by the post-regulator unit 261 forms an in-series resonant circuit. According to an
embodiment of the present invention, the in-series resonant circuit may be configured to
resonate at the switching frequency of the inverter unit 251 (shown in Figure 2) by
matching the value of the inductor and the capacitor components of the protection circuit

511 with the resistive load generated by the post-regu]'ator unit 261, In an alternate
--8--



unit 414 may be inpl emented using any known circuitry or technique. 20 0CT 200
Accor di ngwhQoayzienbodi mrent of the present invention, the peghishiansaunit
411, switching unit 412, resonant circuit 413, and the controller unit 414

may all resifg, et §f REpRsSAThEONIHGEOProfsh ERLE: s Reml REIRLE uoMPoNent s,
or a conbination of both. Figure 5 is a block diagram of” a contactl ess

connect or 2@6dtartay ednegoealdd gien the dqubusc35AC vol t age regul at or nodul e 260
according to an enbodi nent of the.present . invention. The cont | ess
Connect or 262" 1 nEWEHHS EATPENET ST HERET AGE U KOV RD ¢ RHieciPaETRbal higRVY
frequency Agmewers)hLhemd firi-Abuhius AR261 ThR W aNSHRE FRITIRE SRShg igh

frequency AC power down to a lower |evel. The AC voltage regul ator nodul e
260 i ncl udés capasriot €20 represeircoaipon g1 inathel peptgsdion crrewjud bt oFhamssistop630 The

1 ti i it 511 i dt the AC b i t.h 1 tl
P oonect or " 7enreStl trenkfislule BENBE GE phSk ARuoEuR 268 “Rntt Phelsien AR o e

- AC bus 255.voliage pfddll 26¢ nodul€iis Sippliecddd AomimaUath&lm $f duk@v &he effe@iveveNhige
received fromthe AC bus 255 that is sent to the post- regulator unit 261.

By regul at i HEP BRESY BELIomgRneRif Felhe cOWXRlepciguin 09 & vifealyorsror Eougualiey  uni t
261, the pr i trGULE 511 QK f I ' cause
damage to ftQtg?Eﬂggi{ﬁ_113!35953({1&%%%:‘?%&“%1‘?%@%? lrc %Mg%?inmgt't'&r:%%&ﬁﬁf %%%Pé%%ac%?' r|"ng to
an enbodi nesftthepresére ipvasient Qihay grtpraizierinired pindt eff2.2 an2.8i NEhidrt the tdrrent

i ncl udes an inductor conponent and a, capacitor conponent. The inductor
conponent  WRBIEHE g high ff%ﬂ“ee%&n\’é’ﬂfﬁswgflﬂ@rM@&éﬁéwwr} PEgusE and a

resistive |gad. genenahahi ity IR F}Qgéakésgugﬁikﬁ?égﬁlf[éj{ﬂih% i#GLade QTR Ahabf- Seri es

resonant circuit. According to an nmbodi nent o present invention, the
- in-series rasmuan indictoubtO awd/thbeaponbi @bk dhit causesebomavetoats 19 lresagwktechi ng

frequency the inverter unit 251 (shown.i,n Figure 2 . mat chi ng_the
Vi aecor Y mbnd it el et R aabe 8P sk B BY P ates de ol
circuit  5ldrothtdu bhRsb@fics hhy fdheadhgedlRikabadsDyie diiMPShF thegrdiation uni t
261. In an alternate WD 00/ 70431 2 0 O C 12003 PCTJUS00111958 enbodi nent

of the pres@ruiti2®)erhith s, repigeedoelde resrs! @ 3QuiAccortinghayhis seduges the t he
contactl ess ¢ of, bus 255, Figure 6 illustrates an
equi val ent C@flr%gﬂﬁ'%&bg&oigg%rc%ce“%grcgr?@(l:%dn circuit 51 1 (shown in Figure 5)
and the post -r egRtfatrirg btk tio Efghrd Shbevpositnedul gornenits)6] idbeuplediwaber 610 and
t he capacitor 620 represent_conponents in the protection circuit 511. The
resi stor 6JVOLCFUM &Rt 3!k h@%é’éi"é’ﬁFl?E”l"Bé&ggf’PCﬂWés ﬁé%‘t“? ‘Féam'ajﬁﬁ' regiiier 261,

Wen the high §12gUa0EY1he%ish frequency AC power from the protection circuit 511 and
converts the high frequency AC power into the DC domain. A filtering unit 513 is
coupled 1o the rectifier unit 512. The filtering unit 513 receives the DC power from the
rectifier unit 512 and filters away ripple from the DC power before transmitting the
power to a component on the computer system (not shown) via line 520. A controller
unit 514 is coupled to the line 520 and the rectifier unit 512. The controller unit 514
monitors the voltage and current levels on the line 520 and adjusts the rectifier unit 512
such that the power transmitted onto the line 520 via the filter 513 is at predetermined
level. According to an embodiment of the present invention, the post regulator 261 may
include only the rectifier unit 512 that converts the high frequency AC power from the
AC bus 255 into the DC domain before transmutting it to the line 520.

The protection circuit 511, rectifier unit 512, filtering unit 513, and the controller

unit 514 may be implemented using any known circuitry or technique. In an

9.



voi tage regul ator nmodul e is supplied a noninal amount of current, th20 0CT 2003

-effecti vewpddagn drop across the conponents in the equi vqlcqﬂysgghfgg,gut 600
is virtually zero. The quality factor (Q in this situationis within a

predet ef i gl leh oARESKALNGLA80. FEBARIBIL R sinE BrESENE g nvent | on.

Q has the predetéerm ne plied to

the high fr#ngrancynidS 3 ahd ageonegildratnirs 1oy £1 260: 6§ BQIM3|d fenfitgHaueto?)
exceeds the nomnal |limt, the Qincreases which results in an increase of

the vol t ageSubaE3tBsRe dipereiefaUPORENS 1Y baAdomhmaigpachadr 620. This causes the
i nductor 610 to t f i its

i nduct ance, push?ﬁ%kl‘vtﬁlﬁpﬁwggﬁ g@ %@%’ﬁ%ﬂ}tﬁ ﬁlfrcu?%ﬁg%&mc@héﬁég and
reduces t hevamlgt agg | ator medult R0 {dominnalSguwé 2) divphetisatwion afipoedr in 261
which is re ent ed by .t he resh 630, Accor r ces the

Cur rent "t hr DB NERHET I AC daFRish 1L BlyPT 3500 et BT esitRsY ACRSGERR 5. ¢ he

post - regul aIan’roiztﬂ.l the Z8ihbilsy 6Dt¢@bl@doﬁ of tireent W@hﬁ@hér@@uﬁﬂh& ¢inpufed dysickhe
post - regul unit 261 includes a_rectifier The rectifier unit 512

recei ves t Vl‘ﬂgg‘h“’f’r[@éfa@ﬁ‘?fg}‘”'A@"b‘év\érﬁ’efs)’%ﬁi‘Pﬂ‘é’e'bﬁ‘@?]é@tsp@ﬁdé'ﬂer’E’s'ﬁhtffeﬁiq"fdnd

converts thgchiggled (EAUERModGe POVRE . EthaleNfe E&dqmaﬁ‘corﬁlcﬁ'élbﬁ %fcgglré’dq' t
513 is coupled t® tie rectifier unit 512. The fil tering unit 513 recel ves

the DC povvelvy PEarawdralistriew tanfsystemgniFurtBarmosen thef tilizasias (afwhyA:G lplpI?éSfloom t he
DC power cf!? 10me)hinl§?1e {:én@?ﬁ%&o%‘g’r éﬁ\‘?nm%t lﬁc TRONE g% ni]usl Jé'le g}ébt o the

system (not"5 cont ro HrY
| i ne 520 amdarshxeork and n&ﬁdleﬁnallmcmﬁEﬂs&nd'lmemont roller unit 514 m)nl tors the

voltage and current |levels on t and adjusts the rectifier unit

512 such that tﬁéh‘ﬁ‘ﬂ}%’fg 2PPERS t”faéd %é?‘FB\‘é"“FY AE mOYETFistribyionsypiegrofs g 3

is at predehepfsBRdnvéRioalmayMsbaliRg b upply SIRQH dBNes  hnAdied¥x@sRMty

i nvention, the post regulator 261 na include only the rectifier un|t 512

that convertoshasss ofi thn CoMpHERNEE O BRRYN fr HAVERS SUARSIIS IS SCAMES t he DC
domai n_bef ofg. } 5 ansakL Pé\r?&s' xtnoBf9n§ h&ebiaig s%z%cs Iﬂﬁalmc%?&t('[ﬂﬂl\i? Béﬁﬁéjt 511,

rectifier unit 51§ Filtering unit 513, and the ¢fontro uni t may be
i npl ement edcwaxgaadmtﬂcnoﬁwpesl mgmrtdrqg @mntwhdmmeof thepeesendDG0Ui304Bd 2 0 O
0 T 2003 e I nent i rotection cir t

511, “recti rPSERPERbefly DT EREC b PUED S Hing i FroRE Shppbe Dt a5 14
may al | res’l‘ld:esy@mnaptswagdupp@@m@m@bm@pkyrpou@utm&hé aérﬁpulaesydteaﬁzmzmd the

COMpOTeNt s Ot b SoscombL ol on o, BoUl ohe. SHSH ST BOAEIog PR L o duf SO

configured in a daisy chain as illustrated in Figure 7a. In this embodiment, an AC bus
(not shown) may reside inside the systern power supply 250 and a single signal bus 755,
such as a Universal Serial Bus, may be coupled to the AC bus and used to deliver power
to the computer systern 200, display device 710, scanner 711, printer 712, external
storage device 713, and modem 714, Altematively, the system power supply 250 may
supply power to the computer system 200 and the devices connected externally to the
chassis of the computer system 200 via a hub configuration as illustrated in Figure 7b. In
this embodiment, a plurality of signal buses 756-761, such as Universal Serial Buses,
may be coupled to the AC bus and used to deliver power to the computer system 200,
display device 710, scanner 711, printer 712, external storage device 713, and modem
714. Each of the devices connected extemnally to the chassis of the cofnpu(cr system 200
includes a high frequency AC voltage regulator module such as the one described in

Figure 5.
--10--



vol tage regul ator nodule 260 (shown in Figure 2) allow the distribuifppfhlo1)

. power in o hAsf requency AC donain. Distribution of powerpdpuddagidasgh
frequency AC domain inproves the reliability of regulation of current to

conponents in th t Vi LT end NE
syst em power sup%ygllﬂgggﬁ%\la%ﬁ]eﬁ uﬂﬁé}fre Sguﬁgé} PIJK/&P&] ageof?é% gsteor nodul e
260 al so el imdendbretid dietriveedower tcddradncasonmmcs:d(antcarsallryeqmercémsibyfﬂDE: power

di stribution systens. Fgéhg re, the utilizati gf t he. ACbua ?to

di stribute RPTRUFFEGIRER 9 ACS POUET 281 THORAY dEIY'TF ‘P  PEENT BFeRHIFE T pl e
winding tr 98%%@%@ arwhsactdt bhdpRsicaBphatd teghiserAdifs fdrlnméaewk&s &beddudede
appreci ated that e high frequency AC power distribution systemof the
present inventi oAISHY aféGoﬂéhﬂ§éﬂu%‘fé“%ﬁﬁ]“’ymﬁ(fW’eﬁ"S‘tf’(?”Hé&'P@‘é%f FEAPEE ©d
externally ah @ribBaRRIR of lnelphcRORPULR. S StBY %déhpxm@dcﬁhgmse 2) such
as printers, scanners, external storage de ice nodens, | ntegrated
services di giguémcdmxmm f(etq@ﬁN)/ Aevpoeis, Accandzde, anambodirhert ofl e present

Supply 290 gy rak dervrar B AP PRI SRl TP e Dl AL e B b

The system pouWEying tHddwe? $bniree SO @PYinROWEIC tombiieng @ohudrahg Segiosrer 200 and
the devices connected external IK to the chassis of the conputer system 200
via a singl &orathedC dempringgrlahie fisaveick e foMinas il lustrated in Figure

7a. In this erfbanllfz%@taozame%rbﬁéqucﬁémc%wms lmxmmec%lf%nlarﬁs[@ﬁ. goR, syst em

power supply 250 and a single sighal ‘bus 755, such as a Universal Seri al
Bus, nay besepplpledhizgh frdgueng zbﬁgoamrrggté@mtmdellel ver power to the

conputer system %g%‘ﬂgﬁgﬁ%?é (%VJX%% T 10 SLRNNEN. o }%%m gys emg%gwer ext er nal

storage device 7 ternatlvely, supply

250 may sup@uyat@d)wﬁﬁcdr@mgh@aﬂ@ﬂﬁbbﬂ:ﬁfcnﬁ@f&h@pﬂc%@nrarladmbrlmhajlevczlcxés:uﬁannect ed
externally to the chassis, of the corrguter system. 200 via a hub
confi gur at i 638uaed by & PFOERO GUEiYy e g‘?'tf’chﬁ"CYt’f‘m?é’OBﬁ?zfo'GlgWé‘P?{ modulg yrality

~of signal buses gﬁ g@ m(sjg,%b,ea&rwumea%#nﬁémgﬂlfn%ua?@Acrmmahﬁoqpyel ed

to the AC bus an l'iver power to the cConputer "system 200
di spl ay deV|domaMmC®ocangeTan?d_rmquQmFMtOéllhc?ﬂrQSﬁnewwemlml thet pevees és ©wavieed 713,

and modem }1&&%@ Ladeney devid rﬁaﬁﬁ&qﬁgiﬁe&%m‘; (sABblng dofd tneas{aasaﬂds of

t he conpute a qguency ofPt age regulator
modul e such rasifying lIEH‘]BJvdﬁS'ﬂji‘m bmdugmfrcqaegwscapmmrmmh&/\oc mmnﬁmBJé\czo:@ir@ CT
2003 PCTI U500/ 1%9(‘1—3_ : . \ .

to an embodiment of the present invention, the power is regulated from the high

frequency AC domain to the DC domain by a post-regulator unit in the high frequency

AC voltage regulator module.

In the foregoing description. the invention is described with reference to specific

exemplary embodiments thereof. It will, however, be cvident that various modifications

and changes may be made thereto without departing from the broader spirit and scope of

the present invention as set forth in the appended claims. The specification and drawings

are accordingly to be regarded in an illustrative rather than in a restrictive sense.
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By utilizing the high frequency AC power distribution systemof the present
invention to distribute power to devices connected externally to thgg Qg1 200
chassis of the conputer system 200, the devices are no longer required to
have their own i ndependent power supply. Thus, cost and physical space
requi renents for these devices are reduced. Figure 8 is a flow chart
illustrati ng a nethod for distributing power according to an enbodi nent of
t he present,.nvepti Odn At step 801, power in an AC donain is regulated to
a hi gh fredUBhEy KedSnain. According to an enbodinent.of the present
invention, the power in the AC domain is regulated to the high frequency AC

Combrt .bﬁg 1 et R HeduB ey et Ririgs Gl (R o Ao beeri oSMRERAE: J0rrai 1.

At sltept 802, ht hﬁtianmssidnenpdam\;y AC power IIS Eransmdtted f{omta sgggem power
supply to a g requenc ul at.or ul e S a
PooR1Y of oot en TP Sy sohed G ns SRR meRa v« e PlsiReR oy

Accor di ng tonmaaoesabidititeemictiass coltcor esgising & l\fm tarowith h]lneledtﬂaaHVIIﬁfng current

is regulated by rot ction, circ

t h | t
' ogul ator - MRzt ASKSPEFreBih & ettt ahaing Benigh Paid SR v akPlgh O
frequency A&l;nkalrmﬁm&ﬂrsacoﬁcandjorral n. According to an enbodl rrent of the

present invention 0 ted, fr uenc

Romar . tot e, De Mg rReRy AE T relit s IRV Poimlb e EERRRE (e
power fr OmMcHﬁnﬂlghsécbmmnﬁﬁaks%nﬁiﬁfml sandtsa:ohdnecmaaldementorkcmpﬁsihg"uﬁrstt 0 an
enbodi nent of t ese ention, the regul.ated £r t he high
T oouency. At ttian Rlebge idRe fisealy il el 55e Wi oh PR Bindratiise. ni o
frequency s#i€sacond aagenemgabllwdooplemdmﬂe first Bore heldﬂm&gndeénjvectmaerﬁrcm then. the

i nvention is described ference to ecific exenplary enbodinents
t hereof . | £YS§ PO™ GHBWV%’O“%&%WIHQW ?ﬁ’ﬁﬁ'g(?arl ous nodifications and

changes may be made thereto wi thout departing fromthe broader spirit and
scope of he pres |nvent n as set. forth in_the ended cl ains. The
Speci 11 cat o A EA eSS AT B dBRihdigh §/oe b 4§ RPERIR i aginTion

il lustrati weduat detpritddanatabua restricti ve sense. 20 OCT 03 What is clained
is: 1. A high frequency alternating current (AC) power distribution system
conprising: a transm ssion nmedium a system power supply coupled to the
transm ssi an medihe highfraquendy AGpowardﬁmdiuhasgrstem@lﬁdem hwhemintthé systetn power

contactles S C?ync%?n%%(s)gs an lanfB r%ha?gansmnts power (i\’noalt’ l]elgh%qrﬁel%g' A% 8 %‘Ealil{ gll C W ndi ng

transmission medium,

4. The high frequency AC power distribution system of claim 3, wherein the inverter
comprises:

a rectifier unit that converts the power from an AC domain to a direct current (DC)
domain:

a switching unit coupled to the rectifier, that converts the power from a DC domain to a
high frequency AC domain; and

a resonant circuit, coupled to the switching unit, that smooths an output of the power in
the high frequency AC domain.

5. The high frequency AC power distribution system of claim 1, wherein the high frequency
AC VRM comprises a post-regulator unit that regulates power in a high frequency AC domain
from the transmission medium to a component on a computer system.

-12-



t hereon, and a second core with an electrical w nding thereon said ZﬁEBE?
core renovably coupled with the first core; and a high frequency A 2003
vol tage regul ator nodule (VRM) coupled to the transmi ssion nediumvia a
second contactl| ess connector, said second contactless connector conprising
a first core with an electrical w nding thereon, and a second core with an
electrical winding thereon, said second core renmpvably coupled with the
first coreg sai @khéfmghtffaqaeﬁaﬁA@%owawnﬁuh&myg@ﬁ of $Mt STMIRAYEhe PoRRlYIatohr Ough
t he transm ssion . frequéncy AC power dlstrlbutlon system
of clai m 1unihR@PREIsEs:t he transm ssion nedium conprises a data bus. 3. The

hi gh frequency AGeq@¥Einidha boivBid thOpowry Ebamheigffréfubicl A VEE 51 {?:atdh%ctsySt em
power supply conprises an inverter that transnlts power 1n a

frequency ACTUbREIossig pd  tr ansmi ssion medium 4. The high frequency AC
power distri but 'aQﬂeﬁngﬁm&Bleg L AheBufict K AP ihDE ol RYBE 16 an smgmrolf ges: a
rectifier unit that converts the power froman AC domain to a direct

current (DEpwerdram the DE dolainchi ng unit coupled to the rectifier, that
converts the power froma DC domain to a high frequency AC donain and a
resonant circuit, coupled to the switching unit, that snpoths an output of
the power ifn t Hehigh fpaueRcyliematipeATTS MFvoltsze ragwiateriaduie M BYBROPPAEN G oner
di stribution Sy%tfﬁ&]cexta&nkalcahnlemmP]@a B attrﬁsrmsg& thEQGH SRR st ASn IR
conprises a post-regulator unit that regul ates power in a high frequency AC
domai n  fr cARepter CompRsiAg 8 Srspeererih emlmwal viame Heronomd 4 seoRpEreViti gt em
-12 2 0 OCLie2R0a windidd RerBbiDidid se&MH BAE YenlilatiP Winicd v thdid @R, gaeSt em of
claimb5, wherein the post-regulator wunit conprises: a rectifier unit that
converts the poRPesrEgwAtarEit Gpupledity B Gesh eqptastiess GorRRFion: 9 ragudate Rer indHtent
(DC) domai Beqansy ﬂCfd’anEﬁrf}oﬂgthU{?&rIsmls.@lgh‘Fhleﬁgmtt@a E&Bponeiloh hlcBipu shsterh, hﬁéﬁ
filters out noise froman output o ower fromthe DC donmain. 7. A

hi gh frequéAys ratefved fFamiafystem p%ﬁtsul(p}ncsouvgﬁ todBetransgiseigr Breditpia %Sefﬂmvp

conpr i si NYicontfetlbis'cdhnetRNiaAf it ERToRNNBRChMHecoPLRPREing @ fifst bérd AethTaS Sle@Rical

medi um said first contactless
winding thereon, and a second core with an electrical winding thereon, said second core

removably coupled with the first core.

8. The high frequency AC VRM of claim 7, wherein the contactless connector comprises a
transformer with a primary core coupled to the transmission medium and a secondary core

coupled to the post-regulator unit.

9. The high frequency AC VRM of claim 7, wherein the post-regulator unit comprises:
a rectifier unit that converts the power from the high frequency AC domain to a direct
current (DC) domain; and
a filtering unit, coupled to the rectifter unit, that filters out noise from an output of the

power from the DC domain.

10. A system power supply, comprising:
an inverter to regulate power into a high frequency alternating current (AC) domain to
transmit the power in the high frequency AC domain on a transmission medium to a high

frequency AC voltage regulator module (VRM) coupled to the transmission medium via a first
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connector conprising a first core with an electrical w nding thereogb QE?
second core with an electrical w nding thereon said second core re @ %@3
coupled with the first core; and a post-regulator unit coupled to the first
contactl ess connector, to regulate power in a high frequency AC domain
fromthe transm ssion nmediumto a conponent on a conputer system the

power received froma system power supply coupled to the transm ssion

medi um vi acammgrwm&fapEg@ﬂs{e&ﬁtae@ea@@o%&&or%%g s%?gfaqm csw.@.cafnl Stfical
connector co r|S|ngaf|rst core wth an electr

I cal %ﬁg ereon, and
a second cafieding thereerh 2pd pesceideare wlhmdﬂgtrtcwevle@ngthsraprdsagb@ eI e

removably GONRLE] Wil WPt fiftlorbahe. 8. The high frequency AC VRM of
claim 7, wherein the contactless connector conprises a transfornmer with a

primary core codpFeedcontadiessicpenssint iospunie Wediventar mibe harsaisointmegiupoted
coupl ed toglhgy Pmécﬂés@%& n%&&f coH’ﬁhEmg Dfirst e RitFh éléc%%ﬁﬁﬁxmgﬁe}éw Rhaclaim

7, wherein the post-regulator conprises: a rectifier

converts t hecopdogse With erelesracah wipidinferteaenarseny seendlearaiiemovaplucaypled path tf@lﬁffﬁent
(DC) dommip,eand a filtering unit, coupled to the rectifier unit, that
filters out noise froman out put of the power fromthe DC donain. 10. A
systenlpomer supply, conprising: an inverter to regul ate power into a high

frequency aht er Ak LG hie Bipoly AT TBLhlh i ARALimiE; POYET 110 the

hi gh frequency AC transm ssion nmediumto a frequency AC
vol t age regul at @reqihiguinat to wvprt Sswererdranpan A€ demain @ﬁcmwrﬁetdpﬁhdmaama

first -13 20 OCT QA0R£RN @&Ipleﬁ%éthﬁ%ﬁﬁ&ttg m%f%h‘i!h o(\éxtfr&{?gb%‘?&olnﬁﬁlstoa

connector conprising a flrst core wth an electri wi ndi ng t hereon, and
a second cd&igh figapencuACedogein prdal  wi ndi ng t her eon sald second core

renmovably coupl eqedhdd il EdupRl (SRE SvitcRiRg uRit, IE SRR é?%&;ﬁ:%ﬂ thSFoveP BNREL OF
to couple the inverter to the transm ssion medium said second contactless

connect or &igdreausngy A% domEagx core with an electrical winding thereon, and a
second core with an electrical w nding thereon said second core rennvably
coupled with the first core. 11. The system power supply of claim 10,
wher ei n t hd2i nvdY seapputes YIS 68MPIESINgect i fi er unit to convert the power from
an AC domain to a3 slefs8t current (DC) domain; a switching unit, coupled to

the rectifier, to convert the power froma DC domain to a high frequency
AC domai n: and a transmission medium;

a system power supply coupled to the transmission medium via a first contactless
connector, said first contactless connector comprising a first core with an electrical winding
thereon, and a second core with an electrical winding thereon said second core removably
coupled with the first core; and

a high frequency AC voltage regulator module (VRM), coupled to the transmission
medium via a second contactless connector said second contactless connector comprising a first
core with an electrical winding thereon, and a second core with an electrical winding thereon,
said second core removably coupled with the first core, to regulate power from the transmission

medium to the processor.

13. The computer system of claim 12, wherein the contactless connector comprises a
transformer with a primary core coupled to the system power supply and a secondary core

coupled to the transmission medium.

i4. An electronic system, comprising:
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a resonant circuit, coupled to the switching unit, to snooth an output of
the power in the high frequency AC donmain. 12. A conput er system 20 0CT 2003
conprising: a processor; a transm ssion nedium a system power supply
coupled to the transm ssion nediumvia a first contactless connector, said
first contactless connector conprising a first core with an el ectrical

w ndi ng thereon, and a second core with an electrical w nding thereon said
second core renoya co%{)}l ed with the first core; and a high frequency AC

aneec OnIC S . . . .
vol t age regul at or noaul coupled to the transm ssion mnediumvia a

second cont actleestsammrmemmeqhumai d second contactless connect or corrpri sing a

first core vmtha elec rlce} pgl hereon H & %with an
ow I SUpp coug nsmlssmh me 1a a c1n actless
el ectrical w ndi n &reon, secon coreorérova y cou W th the

first core, comnecroe,qaiddim cpmaraﬂessfcommtbrhenmnangarf stsmcmmw1tlmd¢lcm¢abwmlclmg
processor. til'ereon andasec ldtcgrre Sl%satn%mctnc lwmdm tl]ieréon i s%cg}ldtcg% remo tagﬁ/t | ess
connector conprises a Frafst O e Wt A p%r I'rary~core coupl e &8°¥%5 1t he
syst em powernusleppltly therisst aorsgmdndary core coupled to the transm ssion
medium 14. An electronic s co I‘ISI an

el ectronic servi c]?egh fé"*‘%“?“"ﬁé’yrﬁ‘é"gﬁa I ’ﬂ?dqge(gy e?ﬁuﬁlegto the tr"Inswilssi‘i"&)upI ed to
t he transmimssiion vmdeamnﬁ vmnaacaesls nanﬁxbcmromcbaetdnﬂ$smac:tlesmemteonor cagirding ia fisgt

cont actless connec LSNP i ﬁ‘g a f| cor e w‘i n ff W%lga{hew ndi ng

t hereon, and lse%’oe%fm% = '"% reﬂngpe%?er; EE MRy ldaneec "fé&reon e s5i°d"second
core renov aiaid;secood) agk whmmm,h coupied fwithshe fostreere tamgulaterppgler frane th eagsynision

vol t age regnql o[ anq.glc%lssor(VRM coupled to the transm ssion nediumvia a
second contactless RBHRett or, said second contactless connector conpri si ng
a first core with an el ectrlcal wi ndi ng thereon, and a second core with an
el ectrical wnding thereon, said second core renovably coupled with the
first core to regulate power fromthe transm ssion nediumto a processor.
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