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The present invention relates to the field of power distri but'%%n 4 n

conput eYO 8YW4hs. More specifically, the present inventi’dn/VaP4i%¥ to a

hi gh frequency alternating current (AC) power distribution system
BACKGROUND OF THE | NVENTI ON One known approach used for distributing power
froma power sour CREPHODOARDNEPESRATUS EORIIGH FRESIEENCY t he direct
current (DC) power distribution system The DC power distribution system
typically includes ALTERNABRNG CHUHRENT PEIVERJAS IRABUTION npdul es, and
connectors that couple the main power supply to the voltage regulator
nodul es. The nmi n power supply converts |ow frequency (approximately 50- 60
Hz) AC pp@elLD GREEHEIWVENTIQNe power saurce into DC power. The main power
supply then copverts the DC pawer i nt I gh fr A The hi gh
frequency AC%ES\Réersc’i‘@mfeﬁé‘ﬂ“é? AGHIh g'\?v{na,oqé)(())hv\‘}g?#ggﬁég@% ?‘g%\%gtlbovxler, and
Fil teredshedar evRed fEcifichiInd presh alvemiprareonneathath frequenvphbitagaingegul at or
nodul e corresponding to a conponent on the conputer system At the voltage
regul at orumedibE) pewer OSribyiR: SYsiEM.converted to AC power, stepped down,
converte%g&(%wgroﬁ@ﬁg’n teggfbkef ore being delivered to a conponent
on t he computer sys rawback of the DC distribution systemwas that
it inposed dudnedoowerappmnacihnsedifer digGRBRNE PO TEITGA PEWAT FRUTERURI  power
conver si on_added conpl exi I : -

di st ri bufPBROBYET ‘é'h?n.g‘ﬁxﬂ?‘ft&ués %%ﬁa\ﬁ t!t]%@?céga "'63%9 E%%@lgﬁgﬁﬁ?% Sgcgg t he

ef fi ci enqheWC pbeedlistribifer sysrensypioaty inchidasid ntaimpowercdaptys veltagput er

systens are being designed with nore stringent power I.f | ons. These

speci f i catguoHer ?“éaﬁF?-é‘“gF?\’b‘]té%‘t)é%ﬁa‘s‘foé‘ﬂﬁrtéff g'gm(%%v%ﬁjgp%? Q‘%ﬁ.'rcrdé)?\l? ééover time).

Cur rent P@d@ﬁé% FrioBbk i OPhSMEInaIBver Bapty eorvens RCReqEnt§ (apptdximateiyst-el i abl y
n

supporti ese requirenments. SUMVARY A nethod for djrﬁtri buting power in
a el ect r 6RIHE2)YS wewel receivedfrogdhe PPYHSPUICE ML HisRIVEed ' "F B2 BYYR fr equency

al ter natig o6 WdrehvidiGhe BRIPoWerif QHigh FigueRE) ROWwes UITRE Jiighlfrdgdency

AC power is then stepped down, converted back to DC power, and filtered before being

transmitted along a connector to a voltage regulator module corresponding to a
component on the computer system. At the voltage regulator module, the DC power is
converted to AC power, stepped down, converted to DC power and filtered before being

delivered to a component on the computer system.

A drawback of the DC distribution svstem was that it imposed dual conversion on the

power conversion chain, Dual power conversion added complexity as well as cost and

parts-count to the distribution system. Furthermore, the dual power conversion reduced

the efficiency of the distribution system. In addition, today’s computer systems are being

desipned with more stringent power specifications. These specifications require

increased slew rates {change of current over time). Current DC distribution systems

have experienced difficulties in reliably supporting these requirements.

SUMMARY |
A method for distributing power in a electronic system is disclosed. Power is transmitted

in a high frequency alternating current (AC) domain from a systemn power supply of the
computer system to a high frequency AC voltage regulator module.

BRIEF DESCRIPTION OF THE DRAWINGS
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conputer systemto a high frequency AC voltage regul ator nodul e. BRIJq‘g T70m
. DESCRI R¥b gh¥rd2 THE DRAWNGS --1- WD 00170432 21 O . T 2af 3-rRGHHPRE( 1 Eg[
The present invention is illustrated by way of exanple anngot by way of
limtation in-fagfdegtin®snin & Hfu AGERTRAMKI &%k [ h the Iike
references indi ?étg S|nmII1arn IeI errentsrq.}n and A gﬁﬂﬁsnol&bg yxgcﬁ is a block
di agr am dinitiopaw dretfigimed ofdhe ectomnany egidrpones, idiveiah thaiikerefereysdsen Fi gure
2|sablokd| onput er, stem i npl enenti ng an enbodi nent of

t he pr eséh Cat%@‘en[amemef—]?s 'ﬁraggénl shlcz-ybl ock diagram of an inverter system
power supply #&goediing bﬂdlkaﬁaor@mhﬁdlddiﬁﬁﬁnl:@Faltd]&cw@&%ﬂbodvé\'\/cﬁﬂhbﬁ’t’bn Figure 4
is a block diagramof a- post-regulator in a high frequency alternating
current v51%™8ge regul ator nodul ate according to an enbodi nent of the
present inventdigne 2 ;FhQWcR Boerhd R dloRpliief b AU AMblck iRk S
external to the cﬁas’m S S a crorrputaerog‘%ylset efnsgfir:onnggt eg []Btégtgﬂbggﬁﬁ%g

dai sy- chaf thetpapsshbgyerimetr; power ed by the hi gh frequency aI ternati ng current
power distribuyti S A odi ment_ of resen

i nvention; Fi gtﬂﬁ eggbg/%tb%&qu%géﬂa I‘é’;)lvl%ﬁl %' str%‘iw?{g*”BBW‘&'é%’d I8rz’ﬂal to

t he chasemomﬁneﬁmof:mmjésem sy shitem; connect ed together in a hub topol ogy and
powered by th current power distribution

% , gﬁgéﬂ? aIternatln
system accor di r?é ‘%ﬁ f Gfpos‘frﬁ% Blo& &b pi thf%ﬁ??%’rﬁllcmﬂgl gure 6

is aflo r b [ £ ng to
0] S bl b 00 0 T

i |lustrates aFegngenid oblark diagen iltustraieng dovidey epomed taihs chissistdfan syst em

100 kno h Ll p&{?(;g ﬁ tLiBud.i ony syst e Q i.ncl udes a
100 0y 8 Bl TSRS IUEE T LML B UL SR
supply 1I:@quernegaitmeﬁnpgmmferﬁrpemeadpnvkmnoseysmea(mdmgh\@wm}maminﬁho@fesses
t he power, befor
the prcscnl invention;
Figure 5b 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 6 is a flow chart illustrating a method for distributing power according to
an embodiment of the present invention.

DETAILED DESCRIPTION

Figure 1 illustrates a conventional direct current (DC) power distribution system

100 known in the prior art. The DC power distribution system 100 includes a main

power supply 110 and a voltage regulator module 130. The main power supply 110
receives power from a power source (not shown) and processes the power before
transmitting it to a voltage regulator module 130. The main power supply 110 includes a .
first rectifier unit 111 that receives power in a fow frequency alternating current (AC)
domain from the power source. The first rectifier unit 111 converts the AC power to DC
power. A first filter unit 112 is coupled to the first rectifier unit 111. The first filter un:t
112 reduces ripple in the DC power. A first switch unit 113 is coupled to the first filter
unit 111. The first switch unit 113 receives the DC power from the first filter unit 112

and converts the DC power to high frequency AC power. A first transformer 114 is
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transmitting it to a voltage regul ator nodul e 130. The main power su?pl[]jm 2003
- 110 i ncl\ydes g, first rectifier unit 1 1 1 that receives pe¥Rfsobfiog
frequency al terhati ng current (AC) domain fromthe power source. The.first

rectifier t [ ) first filter
unit 112 |C§D@ p(f egjffrgpwgghfﬁépaféﬁ?ﬁ%?antgfrau lilll%qm%h\esAh bie §|f| | ter un
112 reduce’&qnerp:gleclpmwdnéromrmdmrsuvzvéhhhnsn3ami stepe mahtohﬂaqumcyc.eapl ed to

the first filtgr uan 111. The first sw n|t 1135rece|ves DC power
from the fOMET dPVPLRR IoHET Volpeslevel o 8590 retcg Tiernic & REYP F%l%a rst

frequency (AfsiRewer 11A Thd Skodd ARSHONIRI 13%:61&5‘0@ @Qﬁ 7@6@%@%@;&@} 2003
PCTI U500/ 11961 coupled to the first switch unit The first transforner

114 recei Jexn thedingl gansionmegaeheynvaCs poviegh frcwchécfpw tg WG pdwearnii 113

and steps %Qﬁ 2'})%3'}]1; lelglégpgyupfé IOQRA"?JCOI“{D%XEU¢ it H‘?’eﬁ-h}é Léo%%qil%?%ﬁ The

second rec coupled t 1'r st ransfor ner
second r edtlbfrecivegnhd Dﬂﬁawacfmnvé& setndheglfier neguéhend Atepaway nofse divrt he

first tran and .convert hi gh freqyenc C power .t power. A
Second 1 MBORE Pog Ravat Beddl pivPe otiac b mdimaroun 12018 " Fhe
second filter Wctvolﬂaégrf.rﬂ%ﬁﬁtbr\/rﬁ%dl@%@@c&%ﬁhc DR IAeras aNdaingoliet | er
unit 115 and filters away noise from the DC power and transmts the DC

power to tsheplydliPage fwélwlrgglémewg@péferlworcmésmmmm@e PREGUIGa epmpRgil e 130 ,
receives t 0, y - I ul at es
e ponar B BRI DR RoB0dls S 0Rhy il 30
system ( natvnshmvm)l:a ] Tﬂ“ehe\saddndgenmheguh aB brccmdmdhe TiBpowerdrordele mamecond

tch unit 131, d swit t 131 t he ,DC th
i - powsPOUGE DIRpLLT 18 SEPRYEHY LHRC PR AORBRET ok MeopAP IR ediind

transf or Mg cdupfed toSh€ MHBhEGwieh 1 e 'El@:CééBQmSt\“dristﬂméBrﬂech&b?tham Ewer
transforner receives the AC power fromthe second switch and stegs the AC

power dowdrambthe seemid swidaheand speps e 4CPOMET fowp Lo 3)lower @331 i A thigdipscdlaes o t he
second tr%‘ﬂﬁf](?:@rf?lioug)}c}ﬁtg pé &oﬁg%h&bﬁﬁcrr?ﬁ@lm&sm& E.Q‘é"%}'ic A@dwepnverts

it to DC power ter unit 134 is couple to the third rectlfler
unit  133.andhenvdnisridiof PCtpewennitsedBu ﬁlecenN/é@fi tslroupex pothenthifrd oaetifibrunihi r d

rectifier i. rs avyay Iefrom power
<"t r anni'eged™ RURE Diler WL eyt DR ram 48 B PR e R
requiring ma\rﬂwawwp;ﬂemrﬁimlmc pa&éragﬂxcrmgpbatm tandhities fmlmqmpfced to the
mai N power the transfornmer.114 is required to have nmultiple

wi ndi ngs. %&i’bj‘{‘?i ’6‘8911'5 lé‘Qt‘PPFBF’@%“ﬁH requining 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.

Figure 2 illustrates a computer systern 200 upon which an emmbodiment of the
present invention can be implemented. The computer system 200 includes a processor
201 that processes data signals. The processor 201 may be a complex instruction set
computer (CISC) microprocessor, a reduced instruction set computing (RISC)
microprocessor, a very long instruction word (VLIW) microprocessor, a processor
implementing a combination of instruction sets, or other processor device. Figure 2
shows an example of the present invention implemented on a single processor computer

systemn 200. However, it is understood that the present invention may be implemented in
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filters in the main power supply 110 woul d connect the power fromthg1{ gCT20m
- addi tiongl, goMbfsli ngs of the transformer to additional conpeshRhs At
transm ts t he povver to the additional voltage regul ator nodules. Figure 2

il lustrat Pedinil gpﬁ%mm ég%@@%m@&seﬁ@'?he c ngg%mgp u@fedwg CFRJ esent

i nvention can e conputer syst 00 in €S a processor
201 t hat ptme@é@shmudasraxtsdgnaigsalsﬁhevqancpc:essor 220and@le e ngponent e e
i nstructi on set (C1SC) mcroprocessor, a reduced instruction set
conput i ng € sy?ﬁn;g‘%@r ocessor, a very long instruction word (VLIW

i croprocessor T dURR&ESYEtem m@heaeaﬁslme:ao@mml Makinin@y 2185h4yued 4 on
sets, or other processor device. %{% shows an exanple of t'he present
)e%%tﬂe

i nvent i on 4YRpMEMBRERTE 26858 MEMAGY éDB T 8itfshroapus diyest eandRovacceswever ,

it is und v I WO
oor casz 21 A ST 6T Blise TR e e e AP el %
pr ocessor Snastithgopr ackessiore@Oknied hyodapd eghalothat iGhbe busud®ytthaprdecesosm t s

data si gng)l(ﬁ bet ween processor 201 and ot her conponents in the conputer
system 20 The conputer system 200 includes a nenory 213. The nenory 213

nmay be a dynarnﬁnﬂaaeha %@&ﬁﬁ)ll@@fﬁé&ﬁ%ﬁ%ﬂo He\UPE Lhuse IBYAHANRO ARMRr T ect
random access rrermr device, or other nenory device. The nenory

213 may st?dﬁeThﬁéﬂﬁia@fmwaﬁWQilfaéi?éw%‘s@qﬁ% signyy beraean Hiegraresseritl, maybe
execut ed Qx%rn@ﬁg%e?f?%%me?Q&mpé]éa;g ggﬁé SORARRE% 539;1&1%@;1% bfilided @F%M' ed

to the CPU and the neno menory confr 211
di rect s daigabkitghaden tbeﬁ}aébbuﬂh@ mcon@swm?,%dafurh@/%mﬂyozw and ot her

conponents in the Ler syst.em 200nn br| t he data, .signals between
the CPU bus 21 fﬁé‘% 3% |rscfr al%"a)u a“ﬁ’ﬁ(?? Ié]%f:%?’g:ts 0 bus
220 may b&n&x&ﬂnﬂ@ ﬂmcﬁﬁk&ll@@b@s@@@ﬁa@&bh@ﬂs@{f Pmﬂﬁcmmnﬁwﬁa& In®scondbetexanpl e,
the first 110 bus 220 may_ conprise a Peri pheral nponent | nterconnect

(PCl) bus,(P&h Fﬁlé'ﬁs%ﬁé.‘]m@%ﬁ;ﬁwé‘ﬁ”rbé%?? Ceatd ‘TTH?'éﬁ"}i’éﬁsﬁ?‘féﬁ“oAéggM% )y,
(PCM A) QWuBusaoNHﬁk'?bung Phd st PESRR 220 BRviddsTomMihididn 2idRs B&Q}ékﬁies

communi cation I'Tnks between conponents in the conputer system 200.
net wor k caampehdnds imthe cphmpaisupseedn £680.t Adehyark conud@r BYk isx20plegte lhﬁeﬁ%r k

controll erL,&g ﬁd-' kfhct rbc?wgﬁ%%rgﬂe%tlﬁms %%%o&%u?er@?sttgm r260 % a network of

computers (not shown in Figure 2) and supports communication among the machines. A
display device controller 222 is coupled to the first I/O bus 220. The display device
controller 222 allows coupling of a display device (not shown) to the computer system
200 and acts as an interface between the display device and the computer system 200.
The display device controller 222 may be a monochrome display adapter (MDA) card, a
color graphics adapter (CGA) card, an enhanced graphics adapter (EGA) card, an
extended graphics array (XGA) card or other display device controller. The display
device may be a television set, a computer monitor, a flat panel display or other display
device. The display device receives data signals from the processor 201 through the
display device controller 222 and displays the information and data signals to the user of
the computer system 200.

A scéond 1/0 bus 230 may be a single bus or a combination of multiple buses,
As an example, the second VO bus 230 may comprise a PCI bus, a PCMCIA bus, a
NuBus, an Industry Standard Architecture (ISA) bus, or other buses. The second I/O bus

230 provides communication links between components in the computer system 200. A~
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conputers (not shown in Figure 2) and supports conmuni cati on anong ‘tghpg T 70m

- machi nes, i.spl ay device controller 222 is coupled to i /0 bus
wefogl bl

220. The device controller 222 allows coupling o I'spl'ay device

(not shown) to the co r system 200 a ts .as.an jnterface hetween
the' b ool Maaslorat dEREE PAES SIRbT & vEsSvadhis I dafh Sorde droee
control | er23332ay"By a B@rdadim)di‘r%hﬁﬂ&?ﬂ}dﬂﬁphﬂyc,%dﬁ_PMM(d\@ﬁ)e, £85ch mémofp! or
graphi cs adapter (CGA) card, an enhanced graphics adapter (EGA) card, an

ext ended gleashioc other mags FIXGAY dewrdl Orkepbened indgriask 3y2 tetiupleddo e BePed . The
di spl ay i y IS -@,e]ﬁl | , flat panel
di spl ay oﬁ?%;bﬁg}lg%i ggf}é@b%%gﬁ“gﬁa%}hé ?}ég? gg%@ﬁ?@ggéﬁk%ﬁe&at a signals
fromthe preobessdneddd. tTiredegbodrt éntedics@BAynagebei acdedeanrtirdaiviceror 222 raaid

di splays t.he information, and, data signals, to the us f . the. copput er

system 2007 S BELHTT 17" Bud PSR o8 B AN Bud "o Rt o of
nul tiple b}?@%lows%uﬁl%oemyﬁoarﬂmﬁotfsﬂﬁﬂﬂﬂohﬁ&dhgﬁlla?r% seRY20004Rr | se a PCl
bus, a PCMCI A bus, a NuBus, an Industry Standard Architecture (ISA) bus,

or other UBiasemits Ha@ ssgsabrfeom adephpprd bt gomps ey seansithi Aaerdia coppgler
petueen cOrRQUERited b hiScoRETRA Bl B3 RTuERT oo 09900834 1 O 211

PCTJUSO0/ a storage device 17s cou to the second 110 bus
230. The dabalisitertegecodingzead p2Fingwscbedsa hard di sk drive, a floppy disk

drive, a CD-RC evi c flas r evi or ot her S or.age

Gevi oo, A ey bonmas biifks F24.cstplks Teistynitas 208 i the e ME BEF 0850, The
keyboar d ipis®riliae 82238 raRY iduffer 4oy Basdd£06Eh0¢ baveat thetfherydeyboao d
interface. The keyboard interface 232 may be a dedi cated device or can

reside i rendribg #ePnd &A s Z0ch as a bus controller or other controller. The
keyboard i nt effﬂgeg onﬁﬁc&%@mo@qmaa@& Qe a;%&%)éb@ﬁ{ £5@t TRt 0 the

conputer system ransmts data Signals from@a keyboard to the
conput er spstee B0 25 Tecrietispowen{nool 4 pawer28Fce suaboyal vedl! sasketf@osecond 1/ 0

bue 230. ThEy e Se5PBHATH e F0e TR B2 S g R BRE 1 o
second 11M31uRat336cesIdiahe paigerbedciige 224 tegenat esurtoardufiremianske poweade dat a
STOnal s e ey i hnalfy ElfFert ERC) 85iMaih 35 af FEOBE: 2557 FtScohifber

system 200 includes a high frequency AC voltage regulator module 260. The high

frequency AC voltage regulator module 260 is coupled to the AC bus 255. The high

frequency AC voltage regulator module 260 receives power in the AC domain from the

AC bus 255 and includes a post-regulator unit _261 that regulates the power to a voltage

and current level appropriate for the processor 201. It should be appreciated that the

system power supply 250 may be implemented in electronic systems other than the

computer system 200.

Figure 2 illustrates the computer system having a single high frequency AC

voltage regulator module 260 coupled to the AC bus 255. It should be appreciated that

any number of high frequency AC voltage regulator modules may be coupled to the AC

bus 255 to provide regulated 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
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The conputer system 200 includes a system power supply 250. The syst,g?

. power swplogr@89 recei ves power froma power source such astaswslibsss Igglr 2003
(not shown) or other power source. The system power supply 250 includes an
inverter u:n‘upled&51htghateqpemgesswlthgere@owrnﬁ@mﬁmadsﬁd\@mﬁmed@%@r source

and transmts 0 a high frequency alternating current (AC
domai n on pé‘ﬁ’efﬂ\%oﬁ’dg %b“#}r@ computer system 200 includes a high frequency

AC vol tage regiiaten fRBWcR d28Qam Hren hh\@her 55 LAY Qkénﬁ%vy | regul at or
nodul e 260 is C(l)%gl eoi to tC he A’\Cdmus n55 'T’re |ges@ | requeﬁé&gﬁg vol t age

regul at or ERIGING 2268@shaseneguTp@hes ai Pmbedmad Qfdhapmfﬁmmme’mhen N2 bus 255
and i ncl “qﬁ’\? ridr 9:9?5?f ﬁgwgﬁi Qleifel ufiP3] # hﬁ%{] ér%tggt% Igr 1-2%\%,5 ,{(t: ngSﬁl d be

voltage curren propriate

appr eci at efr:bnh hlpbwthﬁaur&)/(ﬁbﬂhopm\)\eﬁ‘hs ogzpifiyc 2503 hl&}bnbens el 2DBBIvetoia DC
el ectronic, s ste ot her thg forrput er sﬁ(stem 200. Figure 2
i |lustrat &9 Swychiag vay ﬂeﬂﬁfr%\? sigoAnesieRlE wRitgH 1t Togawmehinaenityol t age

regul at or 3@‘#&&%3@(@: soyRled b thbeeAiGebusit 2PPand éonsbﬁy!hg e pBRPY BGI at ed

that any nunber of high frequency AC voltage regul ator dulpes may be
coupl ed t digheeanencibh§ dogmin.oAgewviadieci g dtieeouptedde theoswitehimpwpohnt s i n

the conputgy %;}gﬁ;rﬁrg,cuﬁ ?fo%ﬂ,gsc O%thfmiqlﬁg;?é} ﬁff%% x?froﬁm{}ﬁe RL& §I%F$ 3an§§€“ on,

t he nenory nenory cont

di spl ay deudemombmﬂmdhgbﬁtazmpydﬁlppwtﬂma@etmemnmav’QaﬁmtkeyMDRBQSEHterface
232, audi g.controller us. br.i dge .224 . ch be wo_oon0432

be Uaooy TrEgobn S 3R aRES ol Bighina SwE St ¥ tish didyorce G PousR

regul at or Avedhdi tondtensdo@ithignt b e fresat eentidI0WRITedonam difQitAT3 bitgu 3R
Figure 3 is a bl ock- di agram of an Inverter 251 in a system power supply

accor di ng CQ%“(‘@WBW?OP?P‘PP@;EW SBEUYSCARPEEB o FRHEONSF ubhé | Hreepupled to

i nventi on e TRE buk RYSLEPHeYWikhiR vhid NG| UeeRomrdIRE Lhi B8A ik rs%héﬂf 11ab3e
rectifier unit 3 11 receives AC® power froma power source ?‘lO\ﬁn) The

rectifier andrerradt levebray dretaitpiief NG poorar 256 aad @dluSldmvmchmgstm:ltiﬁﬁl ng unit
312 is Co‘éﬁ’éhetﬂm fle E)Evgcnr t?é%tslnfﬁe%ron‘f&!:ﬁc géhs 16e ., s d Pe? ;rr‘é iy 33318 ecel ves

t he DC powe fom the rectifier unit and convcr r toa
hi gh frequpeerdcgcnﬂﬁcd@eml A resonant circuit 313 is coupl ed to the

swi tching unit The .resonant, circuit 313 receive requ cy AC
PR IOURE: = WL R e i M B R ROA 0
before trafAdla kaYDeiinpRMicdiddnBifiaUsmoddircuitry or technique. According to an

embodiment of the present invention, the rectifier unit 311, switching unit 312, resonant
circuit 313, and the controller unit 314 all reside on a single semiconductor.

Figure 4 is a block diagram of a post-regulator unit 261 in a high frequency AC
voltage regulator module 260 (shown in Figure 2) according to an embodiment of the
present invention. The post-regulator unit 261 is coupled to the AC bus 255. The post-
regulator unit 261 includes a transformer unit 411. The transformer unit 411 receives the
high frequency AC power from the AC bus 255 and steps the high frequency AC power
down to a lower level. A rectifier unit 412 is coupled to the transformer 411. The
rectifier unit 412 receives the high frequency AC power from the transformer unit and
converts the high frequency AC power into the DC domain. A filteng unit 413 is
coupled to the rectifier unit 412. The filtering unit 413 receives the DC power from the
rectifier unit 412 and filters away ripple from the DC power before transmitting the

A |

power to a component on the computer system (not shown) via line 420. A controller |
|

I
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The resonant circuit 313 filters out high harmonics in the high fre uenE¥
_ AC po éﬁ&ﬁrdln- to an enbodi nent of the present |nv%Q&hﬂﬁ 1003
resonan CIrCUIt 313 includes a capaC|t|ve conmponent and i n |nduct|ve

conponent ntrol,l nit he., AC bus, 255. ap d the

cvi on ng T PP EsBblelo W itne SP B fiCHEUT il eomte ERar st EBg e ang
cur-rent Heveds ted vdlhge and pmtrerﬂﬂe\tel’neon v eint @20 25d ddjadsinadkdiFted uhfi|i2
switching unit 312 such that BW‘V\H transmtted onto the AC bus 255 via

the resonsis 13t theppwar @fgmi%edaqmo SHEEP Yianidg [11eu 413 Ispheredeletmmedr uni t
311., swi feGhi NtWRikg Bl crhBSARRAL ofGhE Fitbdnt Fh3ntidNGhd ] &Qmal&'igrmawmt

314 nay be 1 npl enent®d using any known circuitry or te nlque ccording to
an enbodingbde oofy mheecpuﬁesemt 41 hthehtorosis tHaéngrefreqtfeney Ampctwéiiﬂqm gwi t ching

unit 312, 3 and he .can unit 3 14 all reside
on a si ngf‘geb 8orr‘| |gr malfﬁl curr%"ﬂnm%' [m"lﬁ [&b ﬁ am of a

post - r egul at or Th@trbns2&rindrnna 4h|1 gl cfifiequnenay, Aeridyd unt 40| sREhe chegsliat or
nodul e 260 (shown |n Fi gure accorg\l ng to an enbodi nent of the present
i nvent i onNTHE Bk ¢ BBEMED A UiHIS 2 6PONE CHBRIEY & (4chnigne ACSHiddgzssn The

post- r eg%%aﬁmmﬁm@éﬁesm%mgénam& F&ﬂﬁ@ﬂfﬁiﬁ[]ﬂmtfmﬁut]ml I B? ahf st or mer
unit 411 receives the " high frequency AC power fromth e AC bus 255 and

steps t hecdnitzphiet ureq*&ukﬂnmyy ACTero0ween a dogls scoicentioersubsivast, bealiscesei fi er unit
412 is co Iedto K The rectifier unit 412 receives the
hi gh freqﬁ‘gn%@ncﬂe C a ¢ a}?n%nmgtt'(gnggfttﬁoﬁsf ormer unit and converts the high
frequency AC p'(lmesystcmﬁ po@hesulﬁﬁlycﬂﬂm(lshbwv{\mfmgmefj) agd theiHighk3queacy @@upl ed to

therectifier unit 412. Th ilterin unl s the DC power from
the rectY$'a8F rfeﬁﬂtl%towmdl&ﬁﬁﬁé.(?wws'“ t’ é ‘ﬁ?g s Ope! f BBYET 1Pef or e
transmi tthlmg fﬁeﬁﬁcncpqsz@ﬂomma BRIMRBEAL! érhﬁt q uch¥p heMidhsh shown)
via line 420 controller --6- WD 00/ 70432 PCTI US00111961 21 OCT 2003 unit

414 is coluppreves tbe idhiabilitnef volpggneswiaonte senporantsynithe epmpputaHasi€dnt r ol | er

unit 414 ﬁ%‘ﬁé‘%ﬁﬁ?‘?ﬂf-‘?ﬁaﬁ ﬁ&g&gtsa%e%ygxﬁmgpgrﬁgy@m% 343Gnl hﬂ‘ﬁefﬁz%

adj usts t such transm tt t he
i ne 420 aiCavdifage faghtaerr rdddile @6@1aisp|cbmmamsmnmm¢d fbredil corAecdordasng to an

enbodi nent_ of esent,. i nvention ul at.or .261 ncl ude
onl'y ¢ he teadted PEPRAVE s Sateotsr FeRbtrers dif o Bauenes PRAGHREr T rom
the AC bpss iodi@ribite hidh fejirhey Bef poveertelimimidstihé RGuirkmem df eullipiee 420.

winding transistors and additional rectifiers and filters. ‘

It should be appreciated that the high frequency AC power distribution system of

the present invention may also be used to supply power to devices connected externally

to chassis of the computer system 200 (shown in Figure 2) such as printers, scanners,

external storage devices, modems, integrated s_crvicés digital network (ISDN) devices,

cameras, and other devices. According to an embodiment of the present invention, the

system power supply 250 may reside external to the chassis of the computer system 200.

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 single cable

configured in a daisy chain as illustrated in Figure 5a. In this embodiment, an AC bus

(not shown) may reside inside the system power supply 250 and a single signal bus 555,

such as a Universal Serial Bus, may be coupled to the AC bus and used to deliver power

to the computer systemn 200, display device 510, scanner 511, printer 512, external

storage device 513, and modem 514. Alternatively, the system power supply 250 may

7--



The transformer unit 41 1, rectifier unit 412, filtering unit 413, nagthesn
controll nit 414 may be inpl enented usi ng any known ci :Cr!JIiJ

t echni qug'{o%g@gﬁdi ng to an enbodi ment of the present invei{ltl ogr?l,bMﬁgiEe
rectifier unif 412, filtering unit 413, d the controller unjt 414 may

al | residesugﬁfyfos?’l@rr\é kahcscé’mpé’geﬁc?ﬁ%%rgr"%gt?B@pjreac{eé’,’ceﬁéorm%W§N§m Sipdients, or
be a combidhatdiosf bt cbepliter Tfieera PO e AtubaionSigpRtivn 250IucsReNth Fidufd SBIrR 2)

and the hi %h frequency AC yolta,ge regul ator nodul e 260 (shown in Figure 2)
al | ows t hetlehi SHRIHTER oA POFAIBBREFIENH D4SesmPim e Bifilien Mn iesal osapiBuses,

Di stributiqn, f RO 1ol 1fe AtebkY S SELQURNCY Al 9Bt ond rg%fﬁémtf(‘)%

reliability of voltage regulation to conponents in the conputer system
havi ng hi ghisy GFvieeedlfl, seanont &1 1, Phates § 5. entepraletoraggpislvice 2508, anddnodeen hi gh

frequency Cpoltage requ e | so _elimnates the need r
dual conver g oér%Cés??g}ce%dlgrc%g&%%c@qg%&n@ﬁ?g? g'lcrcl St %Pntﬂgfl%rpgwgf S¥ElRR ﬂ@ﬁrmr e,
the utili ziatiwoes DhighieqdéndyusC vahigetrogulh®t riodulesubth ghthk loagdesteycd\m pover

elimnates_the requirenent of multiple wnding transistors and additional
rectifierss@8@ %ilters. It should be appreciated that the high frequency AC

power di stributBenifyisk e akh fleheerRy ATEPEwrNANbhIh YBYnAbSAC EﬁssHﬁEd to
supply power to devices connecteéed externall to chassis of the conputer

syst em 200n¢shignrio distige pewen toglgrisessepnpedierd extgimally inihe chassisefther nal

st orage deyj At A Lot Wor k.

devi ces, ééog? %?ca{gwgﬁd%gt hgrd%gré:g% %gsn?qgﬁé’gg%&unSgtooﬂgﬁqgéﬁﬂg\ﬁf] r’rr\(edr??g’ol\%enf he
present i npevdrisopplyt Meus, systaarhpbesier spacppiqui2binsdyr thesd dieieex e ddlicedo t he

chassi s of the conputer stem 200. . The system power.supply 250, may supply
power to the co’%ﬁlq%eélsfﬁ‘{“éﬁ?%ggéﬁﬁﬁ'"ﬁﬁé"elﬁ%%/F‘?féﬁ“%ﬁ%ﬁ@c&g‘&fré?&c’é‘fl‘ﬁﬁl‘?y to

t he chassi s @hbddh@esQITRIY presEy sivemid)OAVde 60 1Sipb@keinGRA€ dofanfisgured in a
daisy chain as illustrated in Figure 5a. In this enbodi nent, an AC bus

(not ~ shownfeewalrd fexn adow Hepuency - €078Ria 1P poiRY frequspexASstomaie Accqrmge

si gnal  bus3ambodihidhi 88 e PrdevemnSadionehk 3bwBHh thERYC @@m&iﬂli'ﬂ'eggla;cg tghe_ AC
bus and used to deliver power to the conputer system 200, diSplay device

510, scanniée highlfrequengyt A€ doTRIn bxt ernal st orage device 513, and nodem 514.

Al ternativel .t SVS I . . T 2003, WO 00/ 70432
ACmb00 1roEIvira e PYSECAUE ACHRRIY DB Ty o Sonl e A Ind bt 70

connect ed fearhelid B dontiain tduhe hidalsajuengf ACRemadmput er system 200 via a hub
configuration aﬁt ;I!:J) g&,}‘rlﬁié[ }%gh ifrrthlljzén%? I\e ECPWcrIiQLranSmiucd from a system power
supply to a high frequency AC voltage regulator module.

At step 603, the power is regulated from the high frequency AC domain to a DC
domain. According to an embodiment of the present invention, the power is regulated
from the high frequency AC domain to the DC domain by stepping down the power and
rectifying the power from the high frequency AC domain to the DC domain.

In the foregoing description, the invention is described with reference to specific
exermplary embodiments thereof. It will, however, be evident 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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this enbodinment, a plurality of signal buses 556-56 1, such as Universal
Serial Buses, may be coupled to the AC bus and used to deliver p0“§T10972%3
t he conputer system 200, display device 510, scanner 511, printer 512
external storage device 513, and nodem 514. Each of the devices connected
externally to the chassis of the conputer system 200 includes a high
frequency AC voltage regul ator nodul e such as the one described in Figure
4. By utilkﬁﬁggc%n%(pﬁgh frequency AC power distribution system of the
present inventi At di stribute power to devices connected externally to

the chassis of the conputer system 200, the devices are no | onger required
to have their o i hdependent . power. supply. . Thus, cost. .and physical space
requi remanﬁs fo%’f’ﬁ@gigﬁg@?@&"%ﬂge’rléaﬁérgﬁf?lonl'fi YUFR BMPESIEEf | ow chart
illustrating a nejuhaidg poverdiost d loliehigcpswaiatinCamett (AQ) HemaiRbf £5ykedi nent  of
the present invention., At _step 60 ower in an AC domain is regul ated
froma | owPPYEGHRAIEI %'ﬁéﬂg?f’é’?%yﬁﬁgonﬁ)ﬁ"bﬁ“q requency AC domain. According to
an enbodi nent ofrahdnéittig @ewertin tha Wetfieqioncy NEnAMOREH tHeRydtdi pA\ierOiphi oF thes
regul at ed t% t he hiﬁg T eﬂégq%ﬁ AC domain by rectifying the power fromthe
¢ o f high dre b

AC domai n EESEHEYES Pt VRS FReuBhERdule VAl APUBC donmi n to
the high frequency AC domain. At step 602, the high frequency AC power is

transmtted from,a system power ., supply to a hi frequency AC vol tage
regul at or ﬂodm dhe gethg gheipigal. WPW&%@%@ME Qlerpety?r{}mﬁe Atcirmatido medw%
frequency ACqebaspAQ domai cBprisdeonai n. According to an enbodi nent of the
present invention, .the power .is regulated fromthe hj frequency AC
Homai n to the DEHBHRE HE ROV FeRhHEC dBmAn ina eI ‘r{b%?fj%’l‘ﬁ'ig{’faﬁjng t he
power fromthe hb@hnfﬂgemw%yﬁ&sﬂdmmn&@mtthwhi%)qramefaoﬁ/mc demdihe foregoi ng
description, the invention is described wth reference to specific

exenpl ary enbodi nents thereof. It wll, however, be evident that various
nodi fications amneneihad gedaiiey fidter@eaRritifg sidothivg dnhsuyiut SRRpapdvien th the Kiph t he
br oader sp&rit and _scope of the present invention as set forth in the
appended cl"&A%8Y 30@%@cification and drawings are accordingly to be
regarded in an illustrative rather than in a restrictive sense. 21 OCT 2003
What is clagimed.js: 1. A.method for distributin ower i n.electronic
System copr: st mePiagar dEm CRpbarmp A SN RE PR te b e RRaC
current (Adpmakan®a diref ciaresSy(SIO domain.

5. The method of claim 4, wherein regulating the power in the high frequency AC domain
to the DC domain comprises:
stepping down the power; and

rectifying the power from the high frequency AC domain to the DC domain.

6. The method of claim 5 further comprising filtering an output of the power in the DC
domain.
7. A system power supply of an electronic system, comprising:

an inverter that regulates power from a low frequency alternating current (AC) domain of
the system power supply to a high frequency AC domain to transmit said power in the high
frequency AC domain on an AC bus to a high frequency AC voltage regulator module (VRM).

8. The system power supply of claim 7, wherein the inverter comprises a rectifier unit that
9.



power supply to a high frequency AC domain; and transmtting power in the

hi gh frequency domain fromthe system power supply of the electronik! 0CT 2003
systemto a high frequency AC vol tage regul ator nodul e via an AC bus. 2.

The nethod of claim1, wherein regulating the power fromthe AC domain to
the high frequency AC domain conprises: rectifying the power fromthe AC
domain to a direct current (DC) domain; and converting the power fromthe

DC domain_ten{dhe oftplled fGHUPREYIoAGN UPNBR: ourent (BO) BERARD OF cl aim 2,

further conprising snoothing an output o ep rinthe high frequency
AC domain. 4. The nmethod of claim|1 further conprising regulating the power

inthe high fre [ . i : : i 5. The
ot hod of ol af m e s BN PO aerirh & WA o STl Sor IR fhvihind 1
domai n t o WwhéhapdnyetethapeonrrnadiC danapis atgghomguenchdGodvmeiy. and recti fyi ng
t he power fromthe high frequency AC domain to the DC domain. 6. The nethod

of claim5 further conprising filtering an output of the power in the DC
domai n. 7. 1A syskheryyeaneewes sunplyof ofaima A, wieegt the riverts figthengongoisgra resongt  an
inverter that.aauiat ol f V. alter i rrent (AC
dormi n-of - THe. Sl Bl AN Rl OE T i b BAGRE B ARIRGLAG AL,
transmt said power in the high frequency AC domain on an AC bus to a high

frequency vol ot " y of
claim?7, wﬁg'r ein ?%gf%ﬁ%géﬁg&c%rubgnégxgwdé%% f g@%ﬁ%‘?&?ﬁt Ehaé :’goﬁggﬂ% CT
7003 converts t Hepoplorerratprupinthay regdagopaven int ohigh fiequenty Adudaneam fr¢@ AGonai n.
9. The SyStb%mopdo%ﬁ{po%pm%&éeﬁgljﬂ@%meﬁu wherein the inverter further

i tchi t 0

conprises a swit ng unit at nverts the power froma DC domain to a
hi gh frequency AC donmain. 10. The system power supply of claim9, wherein

the invert fur ngper' LLCUk L b 1 I - i gh
har noni cs ??\ an Tf)th[ﬁ Eglﬂlt of n"f igémgmwer%??%ﬂméwﬁ%%ﬁ“%erpg(gqt[}g%u(]:{}b#A%ﬁégwgﬁlgﬁ?pH. A
high fr equé?%lﬁchqlt“éﬁﬁﬁ &eNvags the pevean fromAlR) higlofrequgesy g dameainto ardinget| corrgnykRg)
conpri si NY:gom@inPOSt -regul ator unit that regul ates power in a high frequency
AC domain froman AC bus to a conponent on an el ectronic system

13. The high frequency AC VRM of claim 12, wherein the post-regulator unit further

comprises a filtering unit that filters out ripple from an output of the power from the DC domain.

14. An electronic system, comprising:

a bus;

a system power supply, coupled to the bus, that regulates power from a low frequency
alternating current (AC) domain of a system power supply to a high frequency AC domain to
transmit said power in the high frequency AC domain on the bus;

a high frequency AC voltage regulator module (VRM), coupled to the bus, that regulates
the power from the high frequency AC domain to a direct current (DC) domain;

a processor, coupled to the high frequency AC VRM, that receives the power from the
AC VRM.

15. An apparatus, comprising:
an inverter that regulates power from a low frequency alternating current (AC) domain of
a system power supply to a high frequency AC domain to transmit said power in the high
frequency AC domain on an AC bus to a high frequency AC voltage regulator module (VRM),
-10-




12. The high frequency AC VRM of claim 11, wherein the post-regulator unit
conprises a rectifier unit that converts the power fromthe high frengeng
AC domain to a direct current (DC) domain. 13. The high frequency AC VRM
of claim 12, wherein the post-regulator unit further conprises a filtering
unit that filters out ripple froman output of the power fromthe DC
domain. 14. An electronic system conprising: a bus; a system power

supply, coupled HQ t he bu tnk]lﬁ]lg rheegbul tesFﬁQOV\er froma.low frequenc

al ternating cur r et PR’ HSIANP -cteIL DS FTYRTSS SOBRTISEY BISFfEF Bnikihal SgRve
frequency Al gloveafomtan AG damsmiota dractdupeinddC) donfalhe hi gh frequency AC donai n
on the bus; a high frequency AC voltage regul ator nodule (VRM, coupled to
the bus, that regulates the power fromthe high frequency AC domain to a
direct currlént (D€apphoaras ofclaim pé,odersiohe invatp ietet @niphieeshisghcifgeamienty AC
VRM that receives the power. fromthe . AC VRM .. An_appar at us,
conpri si ng:""AF n\?é’f’fvgl?#‘frﬁabcr%&ﬂlné?éé"gﬂgﬁﬁﬁ?enﬁéa\dﬁmfﬂﬁw frequency
alternating current (AC) donmmin of a system power supply to a high
frequency qg do inhtﬁ transnmt said power in the high frequency AC domain
on an AC buf' t o ‘A™RI"GH IPREWENcy AC vol tage regul ator module (VRM). -10 21
OCT 2003 16. Theeapiagabwa fakn choaifreqidcy WeeiaBh@cirka: (AT)bhER cEOHRIinSes a
rectifier unit thalt 'co[}v]ge%ts t he gower.from an AC domain to a direct

P B FREe

current (DEPVEOHRPY 4 AP S e OMBHtE SYE'EMy#Wr ei n t he i nvert er

further conpri seamnamistigtpoterig themigh fidyadncy BaRMRTrbS thdstpaWewer suppTy &f thC
conprising: regulating

domain to a _high frequency, AC domajn. 18. A netho

power fromcng%WSfyth‘aE%ﬁﬁéhQ'F?L@Pﬂ’d%?ﬁ&ltaéﬁfqgé]ﬁ'tm Padyle-dommin of a system
power supply to a high frequency AC domain in a conmputer systen and
transmtti power in the hi frequency .donain fromthe system power
suppl y of '[1 E'e \éﬁ'ﬁﬂfﬂé’ﬁ °§§}§‘E’g&= f"ger nﬁf%‘?‘/i’“f@ G REREVTO 5’93&%’5@'@8 higho
nmodul e. 19 freghecyatChiaehabifcombprisess 18, wherein regul ating the power fromthe
AC domain to the high  frequency AC domain c rises; rectifying the power
fromthe AC donﬁf’cﬁ'f’?ﬁg QCB?‘?%&O%%‘? ggrf’f’m("’lfﬁ(‘f)’agg%éf"ﬁfema(ﬁ’cﬁﬁ domai; and

converting the power from the DC domain to the high frequency AC domain.

20. The method of claim 19, further comprising smoothing an output of the power in the high
frequency AC domain.
21, The method of claim 18 further comprising regulating the power in the high frequency

AC domain to a direct current (DC) domain.

22, The method of claim 21, wherein regulating the power in the high frequency AC domain
to the DC domain comprises:
stepping down the power; and

rectifying the power from the high frequency AC domain to the DC domain.

23. The method of claim 22 further comprising filtering an output of the power in the DC

domain.

24, A system power supply of a computer system, comprising:

11-



converting the power fromthe DC domain to the high frequency AC donmai n.

20. The nethod of claim 19, further conprising snoothing an output df1QQ®2003
power in the high frequency AC domain. 21. The method of claim 18 further
conprising regulating the power in the high frequency AC domain to a
direct current (DC) domain. 22. The nethod of claim 21, wherein regulating
the power in the high frequency AC domain to the DC domain conpri ses:

st eppi ng down th o Aan ctifying the.power fromthe hi f r equency
AC donain to theSB@Q%%%ﬁhfﬁégﬂé% pfhvgy%ﬁ%rgﬁgod" %&"E’]céia[ﬁrﬁag}n\gﬁ}”feﬁ‘é%d{?ﬁ‘g’i"é} ng
fil tleri n? athe systepupovet supply tpehizh fﬂequept;eAOEt{imdmtlm%angﬂéaoi% go\ws.; Bahpgpwer )
supply o t yst em.~,conpri.si pg: - an, i ter that
regul at es S%%?P# rd(é}r:%a% ¥ S rbeuag)g }1&19}' g%"&?cﬁjéﬁfw&a%ﬂreg fier T%@je& fn of
the system power supply to a high frequency AC donain to transnmt said
Vol Tage gl at oSS DURRFONBL PRRa! el Brerty S e eiAer PRl y of

cl ai m 24, whetfer onit thet donwes therpoeanm SeAC doméie €d 4 diteef cuddht(DChadmGONvert s
the power froman AC donain to a direct current (DC) domain. 26. The

conput er system power supply of claim25, wherein the inverter further
conpri ses a26.sw Tichionguuandysteinipaivercapple of Saiint2s, wikwnes theriomiér hkhed odfirRed0 a

hi gh frequency, AC dopgain. 27. The ¢ ué r, syste r su ‘hy of. cl ai m 26,

wherein t heswlér(?l\}'élgf’ %'?{Elg%ucrof%e&s e BB F {E)ogga c qogéﬁﬁ%g%%g%ﬁ%&‘fﬁ’?ﬁg My ters out

hi gh harnmonics in an output of the power in the high frequency AC domain.
27. The computer system power supply of claim 26, wherein the inverter further comprises a
resonant circuit that filters out high harmonics in an output of the power in the high frequency AC

domain.
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