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LI M TI NG CURRENT TO H GH FREQUENCY ALTERNATI NG CURRENT TO VOLTAGE
REGULATOR waDijveSoFl ELD OF THE | NVENTI ON The present invent ipar/wseb/iaids to
the field of power distribution in conputer systens. Mre specifically,
the presenthifuen WND WE{RA TS FORIIINTTIGUaMRERTIRD PAGHNER EQUENTTY  ( AC)
power distribution system ower distribution
systens serve tALTERMNGEENGICURBENT T VoldbAGHREGHMAER MORULES onput er
systens. Most personal corrput ers can be plugged into a standard el ectri cal
outlet. The power distribution systemsupply pulls the required anount of
power and Fifldy R FHEASVIOMEIONr om an al ternating current (AC) domain to a
direct current domain.. It also requl s the.vol tage and current to
elimnate spi keé‘l?c%'ﬂ?lzs%'ﬂr‘@‘é‘?“E’(‘}rﬁ"r]l"j‘ﬁQ R Wﬁ%‘é‘? e?%‘%ﬁrrq’%‘é “‘g’séf’ EREPIRbt al |
power suppkysesms. NAWRVGeci fRENT AhébABe AGRRUALR rdABs ioh hikR G ednc 9 Alterhbig a
conputer is often susceptible to large current fluctuations.- Wth today's
hi ghl'y sensemsnyéAE) peveodisEibegan SEem, internal current surges play a
significant role in the deterioration of that equipnment. Proper power
protection is inportant for protecti ng conponents fromthe i nmedi ate and

| ong-t er m BAEOEROMNR WK ¢hiE INVIEYdTdBnage- The drawback of protection
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system Theorapméxe@ts:esﬁnsabslgﬂ oaamdnedmmwuwpmgmmmoh add:lard elnahcqﬂhysi cal
space and cost that were undesirable. I\/I\/AE A hi, geg freque cc%/ al ternating
current (ABYISoThe gawredSInRUEN sptitPeuPRY & UE | hsJeqpit HB’OUH\%HI"}’ YEG0ency AC
vol tage regulahethed AW GrdiiGh léﬂ@r%a@n%&ﬂ%&n@“@)"d&hﬁtﬁ%kdtrEl@tcuﬁ@QWIﬁl)es a
| evel of current frompower in a frequency AC domain received from an
AC bus. A dpwsin. degjed m@iatmhp vpgagreoqmmceacnldop P ERkes 45 SeT8eE GPTMOThe

post - r equl 2GR NN R Anad cﬁm%sr
system BR B&E&kﬁ?w IF‘H}EQMW&L%eh%?ese”ﬁ I nvePltl o] Jovn
illustrat echgtuj,mmaylhoﬁ aeﬂwpptce:aamf@bmcctpyblmaymgc cirirerit flactuatiorisn t he fi gures
f th the |]i f t
gi mi | :r agre e él n,g heﬁ'lh IAHTCLWP_' ehec rolnﬁ': cqmpemcm mtcrrn%l Sﬂr?%??érgci BQy%a €
significant role in the deterioration of that equipment. Proper power protection is

important for protecting components from the immediate and long-term effects of current
surge damage. The drawback of protection circuits used in the past were that they
required a current sensor and a control circuit to monitor and regulate the amount of
current in the system. The current sensor and control circuit required additional physical
space and cost that were undesirable.

SUMMARY

A high frequency altemating current (AC) voltage regulator module is disclosed. The
high frequency AC voltage regulator module includes a protection circuit that regulates a
level of current from power ina high frequency AC domain received from an AC bus. A
post-regulator unit is coupled to the protection circuit. The post-regulator unit regulates
the power to a component on a computer system.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not by way of

limitation in the figures of Ihc-accompanying drawings, in which the like references

indicate similar elements in and in which:
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--1- wo oon0430 2 0 O C T 2003 PCTIUSO11 1905 Figure 1 is a bl ockgﬁﬁgf
of a conventional direct current power distribution system_ Figure I

bl ock di agM¥MP¥143 conput er system i npl ementing an enbodi ner?tCT&?SOf’ﬂbgos
present invention; Figure 3 is a block diagramof an inverter unit in a
syst em suppl y abigoread! mp blockadiagambefdi sasmentomal giecch PSR POVRVERNDEHOT Fi gur e
4 is a bl oajgle j.agram of a post-regulator unit in a high frequency
alternating current voltage regul ator nodul ate according to an enbodi nent
of the preBigote 2 ismvislotk diagrafi gfur @niputs sgfteeqiplahaiting ahreabodinodnt af the
protection circuit and a post-regulator unit; 'Figure 6a is a block

di agr am i | PGSTY JY¥eAY°¥evi ces external to the chassis of a conputer system
connect ed toget pgird MiPa BBLISYERRI 6F ORCLRIYinARE 2 REMEH AP akdiRdiRg Bdan
frequency alternating current power distribution systemaccording to an
enmbodi nent ewpodimgat @%@sememnvmtlbmn; Figure 6b is a block diagram

illustrating dew ext gr.nal,. t \S SJ : qﬂ@p System
connect ed toget }“Eleg'(raﬁfsirtllaa ﬁlﬁg}‘ 93%%@0%53 g%?%\?\%ge‘gﬁlﬁiﬁt Frl%lﬁ requency
al t er nat i ngtusiingntureawesitage s¢gul doert modul sy stemdiag cosdembodimeanofaihb ortisemnt  of

the present invention; and _ Figure 7 is a flow chart illustrating a nmethod
for distri BUEPHY power according to an enbodi ment of the present

i nvention. DETARIgGR DRSERIGAN AN Fir@hf 6 alprolekysd Eidupsand aogpavpuladsrainii rect
current (DC) power distribution system 100 known in the prior art. The DC

power distri but'Fiﬂh'f%%'tséirhlfm@iﬂsfém&egfﬂéénﬁ'éﬂi:hicffo%éf?mﬂlsteﬁkﬂ §hagsipof rhe mai n
power SWpLé[m@:ﬂer { mﬁ:ﬁ ?(ﬁxgic?tgﬁ\?g cghre%ﬁ f%%%aiﬁﬁ%b{o%o%y%ﬂg po@EQQ%ﬁﬁéh%ﬂe

power before tran egu nodul e 130°vi a

connect or fi2Quentheltembtingcwent ponpg distlib@iomoysiedesccarding wtanregdtadimnesd afini t

111 that receives. power in an alternating current (AC) domain froma power
source. ThESRTFERUITYERYAN i or unit 11 | converts the AC power to DC power. A
first swtch unFigultd &b isse WeetPHRGrand iNubtRRingideSices &atmbl @rthaictiassis ofld. The

first switggmunit 112 receives the DCEower fromthe .
puter 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 7 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. The main power supply 110 receives power from a power source and
processes the power before transmitting it to a voltage regulator module 130 via a
connector 120. The main power supply 110 includes a first rectifier unit 111 that
receives power in an alternating current (AC) domain from a power source. The first
rectifier unit 111 convents the AC power to DC power. A first swilch unit 112 is coupled
to the first rectifier unit 111. The first switch unit 112 receives the DC power from the
first rectifier unit 111 and converts the DC power 10 high frequency AC power. A first
transformer 113 is coupled to the first switch unit 112. The first transformer 113
receives the high frequency AC power from the first switch unit 112 and steps the high

frequency AC power down to a lower level. A second rectifier unit 114 is coupled to the
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first rectifier unit Ill and converts the DC power to high frequencyzﬂ(@nggg
. power. A first transformer 113 is coupled to the first switch unit

The first tY9A¥YPher 113 receives the high frequency AC poV\EFmISP%HP?%e

first swtch unit 112 and steps the high  frequency AC power down to a
| over | evelirst marséermped IddcThe ﬁ@rondmwiflﬂanutélf’cts’-&swéaihm!&fh@’-%ﬂsm&so

200CT2003 gg%lé@ﬁl geﬁé‘r#p§arfs'fr5§r¥erk ARSI RHERe ﬂgﬁfreg%cfﬁ@ Leeipdier unit

114 recei ves requency power frof t ransf ornmer and
converts tpewér ghfifa dpenay | KO spowpled tothBGecqrawrestificAuhitld4. Thedest flert 115

aceives. (MU b nrs Ped: enuetBRmil st recbPEuil Pt sbPkhetdoa,

noi se froffolhfic DC powET ardnthnbmal $HE DS poler Ghpewvsiector 12fhle connector  120.
The DC distribution system 100 al so includes a voltage rozglul a:s{gr ule 130
By

coupl ed t oThe Ré distrbupeneysiadpp plseinpludsse \plipgsaged 180
receives the [ 8%{: sup{?g)P d hﬁi&%ﬂ?m@}%ﬁl:ﬁ%@(ﬂﬂt 1365 feREived ﬂﬁqb@tp%@& he

power before tra smttl e power a conponent on a conputer system
(not shownjronilthe comiecayge 2P egd Iftaﬂmr rmbhyttSelhiB@Wﬂl brépTgdeesmitt pE redPONET f€ h

unit 131. The second switch unij e nain
pover suppf YOTRO ARG &S r?Ulé’rfersﬁt% Iso%bye?hcAv tagge%mﬁ&mgalﬂglw

t r ansf or meinchitls b Secxmdphedh uaittine. %ew:dndmtlcﬂnuﬂ:i%l}l itheiveeteTdC tpoasf or ner
recei ves }he AC power fromthe second S\Mlil%g nd ste the AC ovver down

to a | ower PEVBE M3 PPMET WPPECLIG 3G COpHE TS 0%9513?; PRYETr SR8 ng

t ransf or mefransthendrNiznds EQGd S loQhe ERBRE WORch 111 Fie REVRT rAREbrARAYRENMEsIT O
DC power. A second filter unit 134 is coupled to the third rectifier unit

133. The séheod ppier Eomuie secpsd spitskpodstephide I pRNRTIOM TR & Iavef IivEld A
rectifier r&&?ﬁcr%qil lfjiil 1£ gglﬁﬂ@d’\ﬁ‘y{r@?&c%ﬁd flrraﬁ) H&q Be HQYH?FccniFQ#reEEv&OV\Br

is transm romthe power regulator nodu to a conponent
requiring pwk@.po%eanmnwcpke 1y §IG poypeer e"g@#catl@f!lnoldm bY iacevplodp B¢ to the

mai n power .supply.110, t ransf [ j.r | |l e
wi ndi ngs. KHBCID{%F%{;H%{I”"I’%CZ{} i £ A IP‘? "Cer ‘j(]ﬁl‘ r?cﬁl\t%gmerrlg? %S\E\g\ré%sﬁgp'} ';r/cpllo
woul d connegdiifienenip0S®and fikdrs bivay adde fnonnmlcm pdiverg SThefDC phevet isansf or mer to

addi ti onal connect rs that trans to the additional voltage

ts t
regul at or HABRIMEEd frgmyiepoyer Fﬂ&h‘gﬂ‘?";{‘% ”qﬁqg@f?{)%‘pr%\?gttréﬂ?'?@é RRpSh Whl ch an

enmbodi Ment vhen MEIBILEAREe rdgﬁVzﬂ‘tﬁHxh@cﬂhI@saﬂebeupléﬂ)lcﬁlﬁEﬂ‘taedpoJ&tESu@prumefhe
system 200 i ncludes a processor 201 that processes. data sj naI

processor osiaEnehd 34s EaMIES O ‘i“W§trP‘UE?¥¢dW“§’é‘£S cHAPLeRs! fechiTSand fiiers

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 system 200 upon which an embodiment 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 (VLTW) 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 system 200.
However, it is understood that the present invention may be implemented in a compuier

system having multiple processors. The processor 201 is coupled to a CPU bus 210 that
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(C1SC) mcroprocessor, a reduced instruction set conputing (Rl SC) 20.0CT 2003
m croprocessor, a very long instruction word (VLIW m croprocessor, Qa
processor wupdeEenEIt i ng a conbi nation of instruction sets, ompcatbi19es
processor device. Figure 2 shows an exanple of the present invention

i mpl ement egafymnif datgh Ml PHARESSHoCEIBVL 184n IS QB TERentEIWRY @bmplfer | S
understood that the present invention may be inplenmented in a conputer

syst em havi¥i§™ P pl e processors. The processor 201 is coupled to a CPU

bus 210 L hghe 20nACT2008 VR0 BETLYI00LHONELLATETLS 10 Bnspgnal <

bet ween processo and ot her conponents ' 1'n Sys 0. The
conput er syandem R06Gs inmrhargd €SRAMPdaMige, 2 1 @nchfbreouzeiretyakibtn aergsbmemodgynam c

random acc . (DRAM) devi ce,, a. synchronous  direct random acces
roory - (SRR Vist: S TSI SIES. B8 MESOT AL FWSIYE SEFURAgarar e

i nstructi obsdeadfres&RétEby €05 SisRAL Bt BaydRtelesiteMBy thelphddessBr20lDe execut ed by
the processor 201. A bridge/nenory controller 211 is coupled to the CPU bus

210 and t hé bidesfyemary contrpider3i | dgeguptaddpyhe ORPrtuts 260 apd thednersetys? ldat a

signal s be S r iy ents in
the conput arE e de e ARAPERTAI Y ibclR alE Rl Bt P o s
210, the newooyy 213 andotheacdmpatenis/ iOthusor@@fer shisemR00sand bHdgbuthe 22 may be
a single bus ar comi ion nul tiple €es. X e, the first
110 bs: 28t bRRER el Bl 7l e Bsrp o and p e IR ARSI (bal) - bus. a
Per sonal Cobp iy ORI thay 6k 4 f1hglehat bPRabmBERA6H af monip{dsddet Ahsbhis, a
NuBus, or ot her HFEE?%IThe first 110 bus 220 provides conmunication |inks

bet ween coTSBE Ol sCRRAYETORBISE drRerdh erahCABP ARk I BTPPRRCE B1C1221 i s

coupl ed tophd1@ FetdoRhl CmfhuBUSe®8l, cRB R MR &QBLLGL] BFcrdeda) bixkg the
conput er sgstem 200 to a network "of conputers (not shown in Figure 2) and

supports ¢ Ai ¢ @theohugaro e fiks Lithbind 3spropided cerpinayicaiéwi beksdsivecol | er 222
5 P Cchgbn il b 52800 LA I AT B9, SSNER B 222

al | ows coup vice (h er system 200
and acts a¥Cabusid?0eThacetwrek varerolkeh22 dliskd @y cdepueesyanan PORtconwberofsyst em

200. The di SB| ay ,device Cogtrg%éer 222 may be a .nonochr one, di s%.a#l 2§apter
(NDA) car d=CRPUES| (B GPAPAT EBUHIRAATGSUPRRER) S HPHNCA IO ARG RY THF B

adapt er ( EGAplag@edice abnirt 7RG OpRENG &2 MAEIRAY buXER). Tid dlsPhy athleg di spl ay
device controller. The display device may be a television set, a conputer

moni tor, aSPMERIepaAfetllyssgaynpef HeERkay grise &0t stryilde themgpampteYasMdevi ce

receives dap@asd hsSarf ihRMab O REQLHS HDI AP I il RHME dd¥puter 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 1o the user of
the computer system 200,
A second I/O bus 230 may be a single bus or a combination of multiple buses. As an
example, the second I/O bus 230 may comprise a PCI bus, a PCMCIA bus, a NuBus, an
Industry Standard Architecture (JSA) bus, or other buses. The second I/O bus 230
provides communication links between components in the computer system 200. A data
storage device 231 is coupled to the second /O bus 230. The data storage device 23]

may be a hard disk drive, a floppy disk drive, a CD-ROM device, a flash memory device
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di spl ay device controller 222 and displays the information and data $pqralis
to the user_of the conputer system 200. A second 110 bus 230 nay be a

singl e bus ¥P %Y 7¥3%bi nati on of nultiple buses. As an exanpl B‘,:T’ﬂ"ﬁ@”slg%nd
1/0 bus 230 may conprise a PCl bus, a PCMCI A bus, a NuBus, an |Industry

St andar d Aroc hiteesoiaey RoapSasvibrsA keybarrthertetfare @32 isTtmiplsidonite seconbie tR30

provi des ¢ Lcati.on Jinks b en .conponent.s in the ¢ Jter system 200.
A data stésg;ihﬁgeﬁbé’ér%f ase ?fg%\%?aé’obetao etyﬁ%msié: %‘ﬁ‘é“‘*‘ifﬁ“@“{%ﬁt‘]@g’B? he data
st orage devaiefact3 ThefRybdiRd antbdiicd Z82Skadbd ¥ Gedidatéd @ppae 6Hcals rebidevie anatheD- ROM
device, a flash nmenory device --4- wo oon0430_.2 0 0 O T 2003 _PCT| USOOn

1905 or ot Meyiceash astadragentielarces othrr kePEIKF-dThhkerrarknEsizcs SLided to
the second |, Y 2 ﬁg%arﬁfagmks%m?;&hh '8Bﬁht‘é{@ﬁ%S?ﬁ?‘@Z@@Xﬂ@ﬁﬂrﬁnﬁ@ﬁlﬁﬂar d

controller or o oar Interface. T gyboard interface 232 may be
a dedi cat edigielsifoen ekeglznard esthd eomputen sysen 20Qedn aediouaontraera?3Bus couple

controller or, other nt.r e The kevbqgard.inierface . al.l pling
of a keyboé? Hw(sﬁ%?"dslzg\ﬁﬁf 9#‘% {rh%a%%%ﬁ%(‘é‘ﬁ%égé 8%3‘68&:%%%’?{@? gllﬁs[ﬁrﬁl\%gorggtéa
signal s freadaldvmpbsfabindsd the conputer system 200. An audio controller 233
Sor o et o 4 b bl Bk 3 7 ek Rt Ot i, RSB ARS ©
coordi nate r ; e es
the first bhQ oPH%:e%QQbmcrtJh% bSO A 1ald ShalhUse 1R thd hest IAgs by 100 d R4

operates to buffer and bridge data signhals between the first 110 bus 220
and the seeemd UQAbupZI).230. The conputer system 200 includes a system

POVer SUPPlbh 23RS, SUALBHRINE 5 SNAN! 020, L0 9L CTHORIEI PEORE 2 Pover

source such as a*wal I'"'socke 0 power sourc The system
power supplsypRy Q350 netdidesspaveriffone atpewetsturceXhth ihatvallpocios $s@ shove) grower
recei ved fromthe power urce and transmts.the power in a hi gg f [ equency
Bl tor nat | ng BRIPPEAT LA TP TLRCH SHEPIS R0 38 der A nisiis bl 28y B 200
i ncludes a gho@Bsels MRAPERG e AL ebordAgRe pEYH sBLRE afi® tahEniZHBe pdiver fniadtigh
frequency AC voltage regul ator, npdul e 260 is coupled to the AC bus %;86
The hi gh’ f rigguerAliEmatipg coags (Acgulomast onBRit P26 r doecERUoRetcT 1Y he
AC domai n firafudsheni Sl néy AC 38k deNEa A8 mAdPRIEO! F8L hadhomeqiBhdy 261 t hat
regul ates the power to a voltage and current ' | evel appropriate for_the
processor 2@itage regulator module 260 is coupled to the AC bus 255. The hig 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

leve!l appropriate for the processor 201,

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

regulator module 260 coupled to the AC bus 255. 1t 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 (o

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 voltage regulator module {not shown) that receives power from the AC

bus 255.

Figure 3 is a block diagram of an inverter 251 in a system power supply according 250

(shown in Figure 2) to an embodiment of the present invention. The inverter unit 251

includes a rectifier unit 311. The rectifier unit 311 receives AC power from a power

-5




Figure 2 illustrates the computer system having a single high frequqrg:gcﬁfﬂ‘m
-voltage regulator nodule 260 coupled to the AC bus 255. It should be

appr eci at edWEX70439% nunber of high frequency AC voltage red@Tats8p/1¥88ul es
may be coupled to the AC bus 255 to provide regul ated power to the
conponent s kufurtch(e]ocsimui)eﬂ"hsysmém ulC B DY chinvgris the 4D pewbowi ae@tdoofairt. hé
present inventi.on, nor 13 rre [ bridge_contrqller . net wor k
control I er 2%chigg E?J’I{S% Hé\?"‘%@%é‘bmﬁrrﬁ‘f ”?‘ié?gdgﬁ%%’t‘ 'ég'émﬂi{lf:]l ‘E?éelﬁ'ésl
keyboard i tHean %6G'c2§3m (A R FiEPIL 91 | 81d 23FerANE DTUSo W16 d i ghfe ach
be coupled to a high frequency AC voltage regul ator nodule (not s o

t hat recei v&§ ¢ongp. fy BaPTERECIATI Didss 268 edmogher gwich @!blﬂl 6U1€fd$@gmam of an
i nverter 25 C 2) to
an enbodi e e e BRMStnco P b B ol e thitalhe (RN PO BHERD) |
rectifier uﬁlct;uc&tgtAG’bewﬁretcafmfenahsmnnﬁo i3 bitoriee aiVies 25G. paverdikg wmna power
200CT2003 0$/ 70439 PCTI USQ0/ 11905 sour ce not gta The recti f| er
unit 311 cofiPBPYETHE %{épﬁaﬁ@rmff’d’“aﬂdécafaﬁﬁw gt Orgy? ERRAEY£Pd0
coupl ed to t{HRcloeCil ddnblisidit Bkls cdy oswlﬁ@hmmstanaifr% sruﬁccamgaﬁmme DC
power fromthe rectifier unit 311 and converts the DC power to hi gh
frequency Al gentealier upit Bed ommaitersghe veitage 3ndcumerd drslsen 1@@)&@1@”Wt Hiskeni t

L2, The ' eSAAMCn I LEULD 86883 DLLESANERGHoAR ROUEL 255 o hbe

requency power ore transmtting
it onto them%@umms:rﬁfﬁmIMGmlpnhdlgnhmcaﬂbvcbnbodl rrent of the pr esent
i nventi on, e resonant _cjrcui 313 | udes aca or and an ndu tor A
concrol Tor TRF rESTRTREt abl shdahing tRine T AcE eSS 0n S e Be r el kESY

312. The com mlylsRMimplinten@&usimddytndwhhterclioht ge:ha cCWcE@'Iﬂtndle\zim s on
the AC bus and adjusts the SWItChI ng unit, 312 such that. the power

transmtt edﬁ&%@mqﬁ'éOMCWC%avwwntwé rectifigbwahe | losyaghing gam 3if 3, rggonant

predet er m n%ﬁ‘cm?i‘l’?ﬂ and cro%f}Bllér‘Lﬁ\ 13’1'3' atll n?@ée oﬁ‘ﬁ‘sfn%h:' Q%léﬂ?l'dﬁc:gg-gubslrrﬂﬁonant
circuit 313, and the control uni t may i'nmpl ement ed usin

known cir cuﬁgtyc éns 2 éb)hhldqlueam Af:a:btghlfrrgu‘trayahc vehtg;dpmslmor Uiodtlhe?ﬁgr esent

i nventi on, st?’ o g;l uet, } r(l;{ xn]ét 312 Lesona rcwt

- 313, "and th (‘?ont'?1 'BEF b?ﬁcf’r%i& oazmcrp gneht %rf'?%&fe sem con uc
substrate. vbitgaerregdlaios mddbleah lmlawsarpr@tfcaaomgﬁufmeque AGpsAegiialor agﬂ

regul ator mopdul e 260 (shown in Figure 2) according to an enbodi nent of t he

present inveéAli dhe PTFﬁ@"R(’:C'fV'é)'Ff‘Hbé couplad i be Aol B2BG EfeYIResehin the
protection %}%hc cﬁlpﬁcégﬁ;@% g@'nbt gg%@}soﬁ ur>1|h;: r&@&lonmuﬂﬁ%)? 'la‘?&a

circuit 410 recel ves power in
level of current received from the AC bus 255 that is sent to the post- rcgulalor unit 261.

By regulating the level of current that is sent to the post-regulator unit 261, the protection
circuit 410 prevents levels of current that might cause damage 1o the post-regulator unit
261 from being transmitted.

According to an embodiment of the present invention, the protection circuit 410 includes
an inductor component and a capacitor component. The inductor component and the
capacitor component of the protection circuit 410 and a resistive load generated by the
post-regulator unit 261 forms an in-series resonant circeit, 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 circuil 410 with the

resistive load generated by the post-regulator unit 261.
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hi gh frequency AC domain fromthe AC bus 255. The protection circuit?2410LT 1003
regul ates a__level of current received fromthe AC bus 255 that |s &t to

t he post-ré’é?up%ﬁ 47° unit 261. By regul ating the | evel of curkeibs qoﬂjg

sent to the post-regulator unit 261, the protection circuit 410 prevents

| evel s of Emurfemlhtsrfa&esﬁﬂgﬁ@ﬂ%’&ﬁfsférfdééaa@f thy RIABCIHISHIGUEI P4 U t 261

from bei ngF[Ju?Qt? 1ﬁgpoﬁ‘ r%?ﬁlgl'opgmg?%ﬁ&hgwggﬁg%% 4)Of e &SABland the

i nvention pro on crrculft I'nc an 1 nductor conmponent and a
capaci t or egpupotesto replrgeitrdupbodntcianhe pandctiandirtiied 1 @ apeeciesioror 68ponent  of
the protection circuit, 410 and_a resistive |oa

d generated, b
post - r equl EPGFSCOsiBe ISV 1936 OhHS H?Sbfé’*rgi’@éorr“é‘é‘c?ﬁgntu? ‘gﬁlhtg¥‘ f}f&’:‘B‘ch' 4§ to

an enbodi Mggfiae.Qk m%rmo%ﬁfeng ﬂn‘f@ﬁ'%'n@ﬂknzﬁr}%duﬂt SEhun@at, HRSANRNTe Golipdi t My
be configured %o %esonate at e switching frequency of the inverter unit

251 (showndrap d?—:lr@snlme &mppynenatic Mermguivatent viatuieSXis tvireeailly derst d?hcmdhtyhe

capaci tor of. the protection,circui 10 .w t he i stive | oad
gener at ed E@F?ﬁgﬁ @?5 ?‘élﬁ'dPaf%\y”h‘ﬁlatP%%c”“’%ﬁﬁo%cﬂg rb*olﬁ@ﬂ:? %ﬁ@ﬁﬂzOOll
1905 Fi gurm%wéehuﬁbmﬁcﬁﬁQarhse%rvaéz@mmsd ligktidf 290Q 0. WHenpRO& B Ednk ON

circuit 410 (shown in Figure 4) and the post-re%l ator unit 261 (shown in

Figure 4). scrmcﬁn@u@tfngh STIQU@JQH&@]@“BG&MW!@WTB ﬂ?é?)(-‘é‘@é/ﬁt‘"@éﬁ%%ﬁbnts in
the prot eth!cé%edsC‘ o/ Olmmd )[mlé,gqu\Aﬁércgsc (vh‘tn_’& res#lg% gf??r{lgréa&%ﬂ?th %gﬁ d ve | oad

of the post-tregu en t reguenc

regul at or AB@WY GeiisduEiY 1066 d she@FhdiR)r sam)urnts c@ﬁsce e iaBhiclot 518 1efshimedie.ve
vol tage drop across the conponents in the equivalent circuit 500 is
virtual |y Z8Fs2uriengligrs reguces e talueaitsiindegiange pusiggitimin $76# FRPRAT

predet er m Qﬁ-gu | bR dr: rcé%%gﬁgcdﬂn'agcé&ﬁ?‘@cmggé 5@% htpfcﬁgnﬁ]smf‘?ﬁceﬁhlécmﬁnt | on,

Q has the pre deferm ne en t current” supplied to
t he high fmecpluenﬁywAﬁh\Aslrd:;ﬁgsenuté@ylrmmsxsdeDeAzﬁﬁd(nglmvm:; rqquFttsghq:e 2)
exceeds the nomg {J (? i ngéjases which results in an increase of
the vol t ag& T 1B¥se ?’HH‘EB‘P%? "#4'*°dnd the capacitor 520. This causes the

i nductor 5 Rlferkifg $aEHAL Bure 4T (IR PRl HpalalRMnfi M2 64 cdupBaasshd freccabueirafit i t's
i nduct ance, BUShIn the I'n-series resonant circuit out of resonance and

reduces t hé! o[rflagéﬂa'eg'dg@ftih'é”ﬁbmﬁufﬁ’w3‘@ﬂ5f9ﬁﬁﬂfp‘rlét déeignsfogngrdlilt 261

PANRE .0 o hgﬁlém 6y 3% BLOE- R nd RN ko skl e FHEERRES

current throu rcuit errin

post - r egul aﬂt(bpouau dovabib a Bm@:@lﬁ@hl%dﬂ, textiflaeupit atbcstcloop\ledm ttumtansmmﬁcr 4He

post - egul al'the rccl{{]f"lctr u%ufts]fll!’ Qgclcyv(gglshee}uéhr ﬁQqSJe%ﬁrc gol\a:«!'cr f%flglgcrlgr%gtfo%g}egnfll
converts the high frequency AC power into the DC domain. A f{iltenng unit413is
coupled to the rectifier unit 412. The filtering unit 413 receives the DC power from the
rectifier unit 412 and filters away noise from the DC power before transmilting the
power o a component on the computer system (not shown) via line 420. A controller
unit 414 is coupled to the line 420 and the rectifier unit 412. The controller unit 414
monitors the voltage and current levels on the line 420 and adjusts the rectifier unit 412
such that the power transmitted onto the line 420 via the filter 413 is at predetermined
level. According to an embodiment of the present invention, the post regulator 261 may
include only the rectifier unit 412 that converts the high frequency AC power from the
AC bus into the DC domain before transmitting it 1o the line 420.

The transformer 411, rectifier unit 412, filtenng unit 413, and the controller unit 414 may

be implemented using any known circuitry or technique. In an embodiment of the

-



recei ves the high frequency AC power fromthe AC bus 255 and steps thg(Qor ain
frequency AC power down to a lower level. Arectifier unit 412 is coupl ed
to the traM@P e s0 411. The rectifier unit 412 receives thePGIYSPofIAGuency
AC power fromthe transforner and converts the high frequency AC power
into the D@redentanyventiénfihetenifiegunind 12, 4i1@ring unit dUP| d thocdrm!leeciil 41451 uni t
413 receives the DC power fromthe rectifier unit

412. The filterin t
412 and fi Tetsé‘fz ?g/,v?n‘ kcﬁeg‘écof‘%ﬁ?’isrﬁ‘@“ﬁ@ -power before transni tt| ng the power
to a ConpongAky@ént e«c?ecr@m,t 850 BUSLEM £k ﬁf@gng% Pé;oﬂ ﬂeqﬂ@n c vBltage

controller unlt 414 is led to the IYine 4 *the rect |er dhit 412.
The cont rorqo@fal@mpdmtzﬁﬁoMMonflthe"i/dlcwegbcalrsmh)mrommﬂpov.'ex/mlashlghl t he

L amsm 1t o AR oA PR F360pbGon HEP it B ineNER roinc AL BRRRR nec

| evel . Acccmphomgs the raliatenlyad irdmidtionfof theemne sembondRvERtthOfompher o=in

regul at or E rrﬁé QP:’Ude only the rectifier unit 412 that converts the
i oh {1 equBREgE REhgRRBIT ERuReRe e Baem hivter FHEP DS AaTAIN ' Brwency

transmtti pg lfé]la%g réélﬁatlol' Reddi%60 T8 chFr@ﬁﬁésQ'th%Eed“fJo?-duﬁl%Hérk%E aiini t 412,

filtering unit 3, and the controller unit may be I nplenented using
any known tﬁqwﬁedbyp%powetmmgeon $ysteays. éﬁmdadrrmnhgﬁmtnm:oz of t@CAC2e83 WO

il Toring oot £ 5o el FESEhy AL B bl DEF A Blenk Bl iyfide, 1

sem conducivndisg bahsistbes andhddisipsilemijievweindsfipgs.y 250 (shown in Figure 2)
and the hi h fr enc AC vol t . .requl ator _nodul e, 260 (shown i F| gure 2)
8 b ARPG 259 BaF Pieh

al'l ove t heldheviFtisasp FEEONFRAY Aﬁ‘:rpé’d’&éﬁb"y“%oaé)ﬁ%’i”ﬁo the

Di stributi prsedt ipaMioniyt & B @Rd Id aB8EWA% GQ\FTBés”conhEH?EcPé’ﬂ%EﬂFlo
rellablllty of re ulation of current to conponents in the conputer” system

havi ng hi ghhassis of PussTEsisIe™ 20Rd shopyt iafiiperae sealpds| BrinkBe. saarncrshe hi gh
frequency AGMP | for
dual conve?s%)nn %E?&?ec%g?%egﬁc%m%gﬂ& %t&ﬁ%{gk% t%lomﬁngérglilestr@@)%ﬁ'rt ernor e,
the utili zaamrmas gindtdteerAlEvibess A@SEibptadirstmbdilitnenttifghe tureeqmenc:ylié\rcqmwer

el im natesg n tra st ors and additi onal
rectifiers 3“1*) Sﬂfg er usme ;Sd)rﬁomeé'dgé: xl@fﬁb\rjmé%ﬂ?tcgassfsh ?ﬁ%“wfl&rhsyﬂcgh @ncy AC
power di st'ﬂ“hbsljzsmﬁ poyat suppdf 230h@ay prm)epﬁwmwmﬁmrﬁpmyahmozdmemusm to
supply pover .to devi CF{? connect ed exter n? to chassis aqf the conputer
syst em 200 ‘t%“&\/&?“r’wl ghirmaby tostie Rhassis 9 ihﬁwm%aﬁﬁ@r@o vipg pi98l5Hable

storage devériBfiredRALHEsy dmtﬁ&rtﬂﬁﬁgleﬂqﬁ\ﬁﬁﬁé 6di % thad e NEANREHK, b RONus

devi ces, caneras, and other devices. Accord to an enbodi nent of the

present i n(ﬂ@hﬁ‘%ﬁn) mpyereside inside the system power sup ? 250 and a single signal bus 655,
such as a Universal Senial Bus, may be coupled to the AC bus and used 1o deliver power
to the computer system 200, display device 610, scanner 611, printer 612, external
storage device 613, and modem 614. Alternatively, the system power supply 250 may
supply power to the computer systern 200 and the devices connected externally to the
chassis of the computer system 200 via a hub configuration as illustrated in Figure 6b. In
this embodiment, a plurality of signal buses 656-661, such as Universal Serial Buses,
may be coupled to the AC bus and used 10 deliver power 1o the computer systern 200,
display device 610, scanner 611, printer 612, external storage device 613, and modem
614. Each of the devices connecied externally to the chassis of the compuler system 200
includes a high frequency AC voliage regulator module such as the one described in

Figure 4.
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syétem power supply 250 may reside external to the chassis of the COPpWeg 00

. system 200. The system power supply 250 may supply power to the conputer

syst em 200wamebriohm devi ces connected externally to the chasdTgussb/11998
conput er system 200 via a single cable configured in a daisy chain as

i |lustrat e[%& jélgﬁjéég“,req,i@@fm%&nwm SRGH; BBk onY stBha dTUBe plebat imleausn Ty

resi de insi syst®m power” supply 250 and a’single signal bus 655,
such as a diniibaepakveSar deaiceBosnnentey ebternalyppdle ¢hgstihel heCHMPUEAEYSIRRI t o

deliver pawer , to the conputer system 200 i.spla ! ner 611,
printer 61738' e deyigat are nﬁ?‘%ﬁﬁr 1Ic§éo éi‘f[hgai'rrl%e’r%pd{de%g%qc}?p%fg’eﬁuﬁg ively,
the systentipRWess: SMPpH Yicabéhat@iequirtipphi fPONESe devickhiereaedqrater system 200
and the devices connected externally to the,k chassis of the conguter system

200 via a Fewredoakitlyy eharoluasating|a gethad &or disio Prigng ROV 204q{ding ¢ &n
embodi ment,, d%gﬁlfdfg}gé'?lggcn%i]ﬂ@ﬁ"ﬂimpu,ﬁ?ﬁc 961 §Rver FNA @Y RIre@llaeer i al

Buses, may be cou the AC bus and used to deliver power to the
conput er sipstiegh Befuencdirdhieyaideviccerdyiio ancarhnsime pf thsrprateat inggption,

external sforage Sul 68 in SIS, (Bden FRENLOL AdBoflayiges connect ed

external | computer syste I nclu a high
frequency ré@if‘{/mgtlﬂgoﬁ@Qﬁblatlm’ Alldbth#n soie IDGdorhhie aod eomdesiing thegoivar Fi gur e
4. g 2000T2 03'\/@@2!&%4 0 PCTigi,OC?I 11905 By utilizing the high
frequency JReMmpbRBRE dAaaip i ihenesn KSAUCRRY 984 Pr esent invention to

di stribute poweg, §t9%d§2’,itﬁ@ﬁigﬁ@ﬁﬂﬁ&k@%@ﬁb%ﬂ@'tb}ﬁsﬁ]meﬂ line bagaim pofvet he
conputer system 200, the devices are no longer required to have their own

i ndependentuppbyiera higip frequency WS voltags regtielopmpditiéal space requirements for
t hese devices are_re e [ LS. df ' ikng a met hod
LEEEGYS adltvéfg?ggﬁ?r% r%%'&g%%‘%}?ﬁ&"{ pdus L asIy RO

for distributing power accor of the present
i nvent i on. reAtlagdde A céoidin®verenbodane M@ fdonpriesent snveagar, sheeld veltad carrbiigh

frequency AC dommin. According.to F\n ﬁgb[odi nment &f }Ihe R qs%QtnKielayent i on,
the power feBulalfd G RIOHENAN FECHEGUMRPEY HGUEHE A gR ' PFeqEERcy ormai n by
rectifying the mweg 7b4 A P&k@eﬁgrégamdlfrbﬁm Be Rghdrm@ERyaRd doanverdtd PG t he
power fromthe DC domain to the high frequency AC domain. At step 702, the
hi gh f r equéerosinAG cpouieng fognterzhesiment of e RiRseA! Lyyshtian, BRover suisBryiedo a
high fr eq“FrQﬁh%PA% Y H 8L £8YoRafl 1&99?5@:101%'1%&%&;)5%(10% @Y @bwef ardur r ent
received from e%ys%qem ower supply 1s ) i

rectifying the power from the high frequency AC domain to the 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 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 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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regul ated. According to an enbodi nent of the present invention, thené: ﬁiﬁ:
of current is requlated by a protection circuit in the high freque @ 1003
vol tage regul ator nodule. At step 704, the power is regulated fromthe high
frequency AC domain to a DC domain. According to an enbodi nent of the
present invention, the power is regulated fromthe high frequency AC
domain to the DC donmai n by stepping down the power and rectifying the

power from ﬁi#lﬂﬂeﬁ [equency AC domain to the DC domain. According to an

t

enbodi nent o e present invention, the power is regulated fromthe high
frequency AC domain to the DC domain by a post-regulator unit in the high
frequency AC vol ta§8 : ) I m%ﬁ' i on:- the
invention is descrFggeﬁagvagwhmreg{até&e)%yg&t(ébzgg%% .{e@ﬂﬁg@é%l%ll ary ejhg)t(')ﬂd? 1+rgr]\z;\lﬁt s
thereof. It wil laprhigWonencuisbatasguiitast levinbaf curzant o pawetiif p bigh ifigauencyai@
changes may, : 1 -1 1. SDiLTL. nd
ccope of TR ATk e e bro R RO AT b Bpach 35l BRklok sl
speci fication armpadrrgwlaigsunitagaaplad toohe pratgktyonteireiie thabngaylatesthe poveento a
illustrativ i estricti : t is clained
is: I . A hqﬁglhgﬁe:ﬂg%nuéenc ungf&e%nétﬁ%tggﬁg%ﬁG%oﬁtg ﬂfﬁ&u&gﬁég@v@g&il ator nodul e
(VRM, conpri si rthe capacitor anddhe indurtarifioguthe profeetioncaepil aatd ¢l resigtizs oad fom ther r ent
from power J@. i fr Ve AC: i -eceived froman AC bus, the
protection [nggtrc L|lﬁfttg'{1'r11]ctl Ugl Eég é“/cé%i?ggéugtgﬁo“‘ﬁt %’ﬁﬁgan i nductor; and a
post-regulator unit, coupled to the protection circuit, that regul ates the
pover to a, conpRngy PR % SbridsGoishat: OfcutRad

i ncl udi ng a2 resi st?’%‘%ﬁ%fytghe caﬁg?z?étﬁ%ira’ gﬁﬁﬂﬁhgﬂ?nﬁjctor ?rocr% thea

pr ot ect i on quakity dactor §Qpberwren 2@zind 2i8ve | oad fromthe post-regulator unit
formng an in-series resonant circuit. 2. The high frequency AC VRM of
claim1, wherein the in-series resonant circuit has a quality factor (Q
bet ween 2. 2-and Thedighdreqmney HCGHRoE glaisnbyvhainvimpast-regylaiorynit CopResesen t he
post - r egul gL QirieH Mt th&QBIVeS e pSwer R thi high frttlehoy AR ok B dikctldlfer? AUEY
fromthe hle%h frequency AC domain to a direct current (DC) domain. 4. The
hi gh freque®8@nbAC VRM of claim 1, wherein the post-regulator unit further
conprises a filtering unit that filters out noise froman output of the
power fromthe DC domain. 5. A conputer system con&ri sing: . a bus; a

syst em powet supbieyighdigpimen ACOYRMef plaim 1.iwhgrein theppshiegelatobyut fuither 3 hi gh

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

5. A computer system, comprising:

a bus;

a system power supply, coupled to the bus, that transmits power in a high frequency
alternating current (AC) domain on the bus;

a high frequency AC voltage regulator module (VRM), coupled to the bus, that includes a
protection circuit, including a capacitor and an inductor, that regulates a level of current from the
bus and a post-regulator unit, including a resistive load, that regulates the power from the high
frequency AC domain to a direct current (DC) domain;

the capacitor and the inductor from the protection circuit and the resistive load from the
post-regulator unit forming an in-series resonant circuit; and

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



alternating current (AC) domain on the bus; a high frequency AC

vol t age-regul ator nodule (VRM, coupled to the bus, that includes a 20 0CT 2003
protection circuit, including a capacitor and an inductor, that regul ates a
| evel of current fromthe bus and a post-regulator unit, including a
resistive |load, that regul ates the power fromthe high frequency AC domain
to a direct current (DC) domain; the capacitor and the inductor fromthe

prot eoti on g1 1 CUike ARPuENESEEREBMYS 1A L ARG RARLILATML A1 BTN

formng an I n-series 0-the high
frequency ACtRK]) betvaen 2.2awi /& s the power fromthe AC VRM -10 200CT2003
6. The conputer systemof claimb5, wherein the in-series resonant circuit
has a quality factor (Q between 2.2 and 2.8. 7. The conputer system of

cl ai m 5, whar ei nThevempuist systeywif altior 5, hieteingbapasi-sewlatar wréttonipriess awevkifier unhiat
converts t i c i rent
(00 domai ris§OGHs b B Olich FRAUARFAC Son AR L B ouref BTl P20 o1
unit further conprises a filtering unit that filters out noise froman

out put of t?{'e POV co EJQtrerll Bgm%clg vﬁ)ere% t{]éb‘ o@?rte 19910; |9mt fgnﬁetrr%rgéj sesnfgJ power
in a conmputer systen) conprising ansmt ?1 requency

al t er nat i ndfilering emt thitAQerscohedise ﬁmn@twysﬁtmo“pom tl&f{b@ﬂymaﬁ t he conputer
systemto a high frequency AC vol tage regul ator nodul e, having a
protection circuit including a capacitor and an inductor, and a

post - regul & or ufintethod ddrdgitritytiog pavess inst dougutensysiemt ¢vanpeiaipaci tor and the

i nductor fromt s [ i 1

post - regul at or 3%“?*%"%%"%8“3% hlg%%ﬂsneg'r@e alﬁegggﬁéa{n%éﬂ(}&?&d?ﬁg ﬁ’%re%%}pgti ng a
l evel of curomensupplyeéihesomputarsyitite tosaluglefrequoneeAGyqitaperepiiator mgiuslﬁehftviltg@ t he
post - r egul i ahe

ot hod of oy aeedtgchp i (acit AR T, Kol L AL R iHhciudie ol
frequency redtivehailithe erpacitdi anddhe loducmtfrpm(tmromtrmlcncunlalld thEfresisive hxadi of
claim 10, whagh glen ok i > guency AC domain to
the DC domal n @o%p%t?%ghsaﬂgnggﬁnéggwgenkﬂrggogg[&g‘rrm d]er ectifying the power
fromthe high fregudingy leve ef shmgnt received fihamn DE syitampipgwer supply that is sent to the

post-regulator unit of the high frequency AC voltage regulator.

10. The method of claim 9, further comprising regulating the power in the high frequency

AC domain to a direct current (DC) domain.

11. The method of claim 10, 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.
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