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MULTI FREQUENCY PONER DI STRI BUTI ON FI ELD OF THE | NVENTI ON The present

i nvention to the field of power distribution in co uter st ens.
NGRS

Mor e spec the present invention relates to an alt ByHA® ’current
(AC) power distribution system BACKGROUND OF THE | NVENTI ON One knovvn
approach used forpgh th R D PR T .mmﬁgnems on
a conputer systeml MJ B %\ﬁﬁvﬁ ystem
The DC power distribution systemtyDISFRIBUTIONudes a main power supply,
vol tage regul at or modul es, and connectors that couple the main power

supply to tﬁ@&%ﬁﬂl@ﬂmdul es. The main power supply converts | ow
frequency (appr oxy - oMer,. I ived fr t he .power ource
into DC power. 'ﬁhgﬁa ﬁ&@?‘?g | %%tﬁ%éﬁsnggW?hg's WigRd CPFRP(S’W i gh
frequency Asystamer Ma’rbesﬁ@cmany QR HIE¥er RN ﬂeﬁaté@ﬁf‘aﬁra%ﬁ%%go"m
~converted back to DC power, nd filtered before bei ng transmtted along a
connect or t@@ﬂﬁdﬁ&l@@%@tﬁtamwn@wem correspondi ng to a conponent on the
conput er sygA JH or nodule (VRV, the DC power is
converted tOo7 ' nverted to DC power and filtered

befor e bei ng delﬂ)M@ﬂ(ﬂdmmCa@r@QﬂPQQ@tﬂ'WorfﬂlsﬂrJﬁﬁtl ?%?'froﬁi’éﬂer%oﬁl‘ Ck of

the DC distribution systemwas that it inpose conv on on
power convé?%ﬂmﬂ%'ﬁépﬁampuﬁs\ﬁwst%@m@esdlm@dﬁem (Q@)mwel dl;;trdmtlml | as

pover conu el oG Pt ihpLrehis s Beisaly ok o A B m 1 n
addi tion, taupply, Sfoﬂagmgmaﬁm‘sﬁ@umwr&d)eémcﬁ&%ltaa% 1 hnéfmal?n pSivet ngent

power specifications. These specifications require | ncreased rates
(change of pPheiR th@mltagerfegulamrrmemleacmesnanmwmm eomverslow

i i onal 1T HerET bR ERRe SO0 HolAC tBiarBocE ot M eVerRoener

into DC power. The main power supply then converts the DC power into high

trequency AC power. The high frequency AG 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 a2 component on the
computer system. At the voltage regulator module (VRM), 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 system 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 designed with more
stringent power specifications. These specifications require increased siew rates
(change of current over time). Current DC distribution systems have
experienced difficulties in reliably supporting these requirements.

Additionally, the VRMs monitor the power output and regulates the power
within the VRMs requiring controlle{s in the VRMs. Since each VRM has their
own controller, the system does not have a centralized controller to regulate
output power further adding complexity and circuitry. Anothar drawback of the
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within the VRMs requiring controllers in the VRVs. Since each VRM hgls; }mﬂm
own controller, the system does not have a centralized controller t

regul at e ‘ggtnﬁ)% pover further adding conplexity and circuitry. Another

dr awback o Y71 7 JUN 2004 WD 01/50570 PCT/ USOQ 24391 K MEdach is
that power to the processor is static and does not vary depending upon the

power needs of the processor, SU A nethod for distributing power in
an el ect r oni °§’9§%ﬁ??ﬁ'&%ﬁ’é@%¥ﬁﬁwmﬁ§@r B §laticand doemneal vanut a
SYSt em powetiehunging LRI/ S AQBITWRIRE prfedbsapecond domai n having an

alternating curren C) signal conponents at multiple frequencies, and
transmtti ngSUNMABNXverted power in the second domain with AC signal

E:oml\)/;)nent shat lrrulét‘jpghf%é @gﬁjﬁﬁ&ﬁg :[B:&Wm” ti i)l ﬁ golnt@e:lsqe re%aégfmnodqlges
VRM in the ele YRtEm Cehdn
present i nv pBlspBnizpfifsh Rt e s%téh‘i‘ngo%r SUAFR, BoRRHRGth ol tod .

limtation in the figures o acconpanyi ng W ngs,
ref erences Prevrcdemainhiavngenaitomating dutrentAiCsighalponepdnerts at Piititie

di agr am of conventi on direct current power djstribution system Figure
2 3 Aol oc ReBRRYR 979 trafiiine e Gaarad punbin tha esand demii WNAG!
the present sighdPRdmPBnefisdi! . ' i ' |,[Rger ter
syst em power g@g{)pl yﬁ ggcor dirﬁg@ﬂgﬁﬁq% 0 |fr§|erﬁtgﬁ@$% HQJE&%IEQ@@L&PQE ﬂ@gh[é:éon;
Fi gure 4 i s(\4RM)dnthaietegtranic systesnr ati ng an i nverter system power supply
accordi ng tgﬁﬁﬁgﬁﬁ@gﬁﬁb@%resem I nvention; Figure 5 is
a bl ock dia ' : in an alternating current
voltage regul at oThaRidsehtindsRRin s Mustndtd'n§ WS BUmAE ddndt§ 64y of

- " limitation in the figures of the accompanying drawings, in which the like

references indicate similar elements and in which;

Figure 1 is a block diagram of a conventional direct current power
distribution system;

Figure 2 is a block diagram of a computer system implementing an
embodiment of the present invention; -

Figure 3 is a block diagram illustrating an inverter system power supply
according to an embodiment of the present invention;

Figure 4 is a block diagram illustrating an inverter system power supply
according to an alternate embodiment of the present invention:

Figure 5 is a block diagram illustrating a post-regulator in an altemating
current voltage regulator modulate 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

In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the prasent invention.
However, those skilled in the art will understand that the present invention may
be practiced without these specific details, that the present invention is not
limited 10 the depicted embodiments, and that the prasent invention may be
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Figure 6 is a flowchart illustrating a nmethod for distributing powerr
according to an enbodi nent of the present invention. DETAI LED DESCRI IgTJUCWUU’*
nuner ous specific details are set

In the fo | detail ed description,

forth in 5*‘3@”1’9“360 provi de a thorough understandi ng of the PFEASHY24391

I nvention. However, those skilled in the art will understand that the
present inventj.on, nma he, pragticed wi thout these specific details, that

t he presentpTl_"’r':ft)%er"ﬁI !%%VPEeWg?faH‘Pﬁt?e%“%&m?@%e%!% ghinstanrasy el knosmd t hat
the present mofhedil pRiceiYed)oponeris MOt Hite 1t FReRCRbLARAAA3OL

practiced in a variety of alternate enbodi nents. I'n other stances, wel |
known et Hé&t8il. pr ocedures, conponents, and circuits have not been

d i bed i d Ll f .Lhe ipti,on' wll b ted [
e oS oot o B bl 58 BB B ol 1%
subst ance_Qémbiagbe Byanisss SIBHNFIG BH b bBAvey e Eutidnos B i ueiRE5 2 [ ONS

wi Il be describéed as nultiple discrete steps p or nme In"turn I'n a manner
that is helghers skillechimdhetarhdi ng t he present invention. However, the order

of description ould not he construed as o inply that these operations
are necessarily YREIE PRYAIANE ngﬁ?gg?cmaﬁfrgﬂ%&QMQtﬁmgpsWgﬁm'i@ﬂder
dependent, ; W, ; fi ' t" does
ot necessariTy 2 KBPRSF et i AP in LBofiiitip ik BRRRTRRENTBE gur s
i |1 ustrat esHowevery the ordexlof deseniptiorushrarid N6 constewed as to ihpkyithat thexst em

100 known in the prior art. ‘I,'Pe II'QE: ower distribution system 100 i ncludes
a mai n powndtPELRHNIS AP Recas§a\RE d-indhe order they are plesentatheor avern power

P o SFEPLEACL g oo Rt RS B s
mai n power dagspiot netessaily veles tattie same eebodiment, atinough it mags recei ves
D O g BBl Aahudlobu DBk A3 o S Bone
first filteystihtobliddwh 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 reéulator module 130.
The main power supply 110 inciudes a first rectifier unit 111 that receives power
in a low fréquency alternating current (AC) domain from the power source. The
first rectifier unit 111 converts the AC power to DC power. A first fiter unit 112 is
coupled to the first rectifier unit 111, The first filter unit 112 reduces ripple in the
DC power and prevents transmission of noise generated by the main power
supply 110. A first switch unit 113 is coupled to the first filter unit 112. 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 coupled to
the first switch unit 113. The first transformer {14 receives the high frequency
AG power from the first switch unit 113 and steps the high frequency AC power
down to a lower voltage level. A second rectifier unit 115 is coupled to the first
transformer 114. The second rectifier unit 115 receives the high frequency AC
power from the first transformer and converts the high frequency AC power to
DC power. A second fitter unit 116 is coupled to the second rectifier unit 115,
The second filter unit 116 receives the DC power from the second rectifier unit
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coupled to the first rectifier unit 111. The first filter unit 112 rfag ﬁﬁz |
ripple in the DC power and prevents transm ssion of noi se generated ;j QQ
mai n power, 110. Afirst switch unit 113 is coupled to the first
filter uniwoﬁﬁgﬁﬂhe first switch unit 113 receives the DEPERE24Pbm t he
first filter unit 112 and converts the DC power to high frequency AC

power. A fi ' dto the first swich unit 113.
The 1irst o) naneTRErs YR bk tan BAD Gpgr e Dfpoaom e
first sw tcholtaye rehlfatenmogiuiP$3d.he hi gh frequency AC power down to a

| ower voltage level. A second rectifier unit 115 is coupled to the first

transformer 114. Thaolage regulaiorimodiie (130tregaives the Diepowaefroimghefmaiauency
AC power f i r transf orner and . convert he hi gh frequency AC
Sower o tROWS A 3b AR ERSARE 18 Jonier Batgedmriniting b domer
rectifier i wﬁﬁﬂ' ' egR} wer from
the second rec?%?gpeﬁﬂ??%3 17 %Bﬁ%%gﬁm\%sé%%zﬁggb@? @Eg%@gl 115 and
filters awafodylest30 inpludesea Becqrohewiten onit 184 s Mtessedondvipsvenit 181t he
vol t age reqgul at or e 130, The vol tage regul ator, nodul e 130 receives the
DC power f%ﬁs{"%ﬁ tﬁgﬁf: PRWgE from, Wairhgo‘ﬂﬁﬁ ‘Flﬁfi’a\l’ﬂép grchepnnests thadGower
before tra bl t 0 . { pnot
Shown) . Ther Sl SaeC FRRe FEsecdt RafiBABF Ta2 eduAgd R st 11

The second 3i-t The second fransfoamer veseivasethbA G pawerfframibé s etoridiswidmer
A second transforner 132

S Coupl ed 48 $RES46¢ ik POWRT BAWR1E 2 IoWRE 1tEb AdhiredRGWIATHII TEL8I ves t he
Lovel A OBl darbiofig. ey Retifertabahel T AChBre AR
The third rearwieftsértorBCeiomes. thiseddhiciiverumnt34 Korouplés o thd Rirdeasieer . A
e A T R BRSPS S bR oo e ot ey (s
o e bt FISURN RPNy gy S el R MRl AN
nost conputfiemdhe power regulatos nedule 188 toe cargpenent reaakringEowdrl 4
Since most computer systems require multiple voltages, 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 poiht of use or to

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 240 that processes data signals. The processor 240 may be a

compiex 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 a computer

system having multiple processors. The processor 240 is coupled to a CPU bus

231 that transmits data signals between processor 240 and other components in

the computer system 200.



is required to have nultiple w ndings. Additional rectifiers and filit7ess in
the main power supply 110 woul d connect the power fromthe additional

wi ndi ngs of h{)_eo_ transforner to additional connectors that transmts the
power to &)‘i’ S%5f% use or to additional voltage regul ator REHUHSEY243H gure 2

il lustrates a conputer system 200 upon whi ch an enbodi nent of the present
I nvention can be.inpl nted. .Th onput er system 200 i_ncludes a processor
240 that proces ?@@%&W%@@?ﬁ‘@%@ﬁ@@é&é@w 248y Ve megmigi24R may

i nstruct i onbe atdyeRMY rafddRladebsshid @Wﬁ ick® ' fhhpn  set
conmputing (R SC)Wrﬁﬁ croprocessor? a vrgr onglglllj Hggﬁb?%gﬁ%m%ﬁgh%%w

ni cr opr oces'@BAoNhagrasssvsmory (PDRAMY derdce, armthenmenwr y dovicestThet i on set s,
or other r i Elqure 2 shows an exanpl e, of the present

i nvention %ﬁﬁﬁﬁgﬁ?gﬁ%{g%@{egﬂlﬁg{cﬁom% regreRANted Eygﬁéars@o@!s thahever,
it is undanaybecideated bﬁnﬁggﬁﬁ%sbm@@_tion may be inplenented in a

conputer system having nultiple processors. The processor 240 is coupled
to a CPU bus 23A bridge/memonncontralier 244 ig caupldiktovthe ICRIY bug 231 rariitheand

ot her co tS | e Co ter syste 00 .1 7 JUN 2004 WO 01/ 50570
PCT/ usoo?gigg*i“’?’ﬁga@oﬁg\ﬁ @W@E‘P&?ﬁ&&@“&ﬁﬁ%@& éﬁeﬁfﬁﬁ?&t@ signals hetwesanor y
242 ma bah ' N g m | nous

di recty randgrﬁig%%gegggzﬁghory m%)@gg@fj?éﬁ or o?ﬂgéﬂt%n%%y&%gé% . The
menory 242 Sysiers 280anchbridges { tarsireds betvegaretenCPY thys 23t,ahsingsrabpy t hat
may be exe h ce r 240. A bridge/nmenory controller 241 i's
coﬁpl ed to%%@@@’@gvgg@u%ﬁggt he nenory 2?12. The %ri dge/ menory

controll er 241 diteefist l/dbas SB9MAEbE &L YRS b aog.g@sgﬁagﬁgr%ﬁg.&@&ghmw y

242, and other conponents in the conputer™ system e data
si ghal s betbWses. Aracrrample, 13 firstié) bus@3p may2ompnidea Perisherdl 0 bus 232.

Mot 5% oA LI L H el AR vgher )
Intemational Association (PCMCIA) bus, a NuBus, or other buses. The first I/O
bus 232 provides communication links between components in the computer
system 200. A network controller 2;13 is coupled to the first YO bus 232. The
network controller 243 links the computer system 200 to a network of computers
{not shown in Figure 2) and supports communication among the machines. A
display device controller 244 is coupled to the first VO bus 232. The display
device controller 244 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 controlier 244 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 240 through the display device
controller 244 and displays the information and data signals to the user of the
computer system 200. |

A second /O bus 233 may be a single bus or a combination of multiple
buses. As an example, the second /O bus 233 may comprise a PCl bus, a
PCMCIA bus, a NuBus, an Industry Standard Architecture (ISA) bus, or other
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Conponent | nterconnect (PCl) bus, a Personal Conputer Menory Card {7 JUN 2004
I nternational Association (PCMCIA) bus, a NuBus, or other buses. The first

I/ O bus | des communi cation |inks between conponen i he
conput er zgégpé%\{ 00. A network controller 243 is coupl ed EP%TF%@I)’?‘PP& /0O

bus 232. The network controller 243 links the conputer system 200 to a

net wor k of ut no own_ in Figyre 2) and supports conmuni cation

anong t he n‘%@%%neﬁgie‘(’%n‘i@;@‘%%ﬁ E’Emgg"f‘ﬁ cOMrumication linkschgiveent o t he

first 1/0 besmadRentShe ik & | nt i ihd of a
P g1 popuISrdSHIcn 20014 Bbofdh 24P B

di spl ay device (not shown) to the onputer Sys

i nterface Hetthe&scond V@ bys 233d dihecdatarsioragbalavoedi® mayise aiaz@diskThe

di spl devi . 244 di spl dapt MDA
car g, col Ve BIRireY g afve,  BA-RDR deifice; &ashimmmey Ghuaicrotaerapt or
(EG oy 2. dmass stdragelavigho 0 kephoirti efEoa738 cuplodbiR sbaRy b B °°

controller. The display device ay be a television
noni tor, a 43t Thekeybeardinteyface d7many diesp keybatadicomtrolleeotother ay  devi ce

i d i gnal s, f h 240 through the display devi
control 1er Kapoafifgiadeing felbeaainiaragn 24vimayie & fgdisaisd aiviemouser of
the conputcein RideSA ARAMerAISRGOBEch 4O ABi% tfcgrﬁrcﬂ%\e‘ o?%tt?er?o{ﬁ?ﬂaﬁ%ﬁ;‘f%r a

conbination of nmultiple buses. As an exanp Secon 3 may

Ch et g S e o g ey e Ko e o) ST o0 24301
rchitectur Q r ,

buses. The cg)géé}ﬁé? ?3?%3'{5\@02 §§H gr%@mfésdaj% ﬁﬁm?%ﬁf’ﬂbﬁ kpybeardgedheen

conponent s gomMhe SRt : ' s,.coupl ed

fo The seoomn 1O BTey! 2110 Jb dthe blnirdies 2405 FaLPBTETHb Beoid HOrnSE £\
drive, a fI25SpyThe sudiarconiroller 248 REbrates ta eoomiriatethe reordingdad playiig ot her

mass stora%gsggé'%e. A keyboard interface 247 is coupled to the second I/0O
bus 233. e 9‘oard interface 247 may be a keyboard controller or other

can rosi de i n anotbor a2y e Suple b ABOBAS 28 1RSI BaeR er
The The bus bridge 245 operates to buffer and bridge data signals between the first
I/O bus 232 and the second O bus 233.

The computer system 200 includes a system power supply 250. The
system power supply 250 receives power from a power source such as a wall
socket (not shown), battery (not shown), or other power source. In an altemate
embodiment, the system power supply 250 will receive power from a battery (not
shown) eliminating the need for a rectifier unit 311. The system power supply
250 includes an inverter unit 251 that processes the power received from the
power source and transmits the power in an alternating current (AC) domain at
multiple frequencies on an AGC bus 230. Additionally, the inverter receives a
multiplexed digital feedback signal from a control bus 255. Furthermore, the
inverter unit 251 receives data signals from the procéssor 240 on the CPU bus
231. The computer system 200 includes a multiple of high-frequency AC voltage
regulator modules (HFAC VRM) 260-268. The HFAC VRMs 260-268 are
coupled fo the AC bus 230 and transmit multipiexed digital signals onto the
control bus 255, The HFAC VRMs include post-regulator units 271 -279 that
regulates the power to a voltage and current level appropriate for processor 240,
the memory 242, memaory/bridge confrolier 241, network controller 243, dispiay
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keyboard interface 247 allows coupling of a keyboard (not shown) to ftheyy 2004
conputer system 200 and transmts data signals froma keyboard to the
conput er heg] gqoo. An audio controller 248 is coupled to_the second I/0O
bus 233. Y3Bd o controller 248 operates to coordinate FTREUSEYERA ng and
pl aying of sounds. A bus bridge 245 couples the first /O bus 232 to the

d 1/0 Qus 233. _Th bri dge 245 operates to buff d bridge dat
i gnal s bet HEURE BRapHaT a4 ats siatbed dounh 240 kerbonrd miedese@izaaudine
conput er SysfaIkP@4BNShH B3 b%.@é;% A SHOW in TR 2) P sl lbesas’ogcf:rggﬂ??«%’cm

supply 250 receives power from source suc Wa
shown) , bat thet $he systerstmower, supplp 258 mapbe implemerted lim eetrohlcasyzeshs

nbodi t, t 250 will [ r froma batter
Chot . Showrger IR RYsRIRH0Nor o rectifier unit 311, The eystem
power supply 258ghRscB s aieek &ﬁgﬁéc{h%f dﬁ@iéml?fé&imaé}gtof Bh R it s Pner

received fromthe  power source transmts t ower in an altérnating
current (AGYystemgowertsupply 250 (shawreinEigareg) accardingQolibe t&athing of the

Addi ti onal | | nverter, receives | tjp]l exed digital feedback signal
froma conta@ﬁgﬁﬁg"%@"'ip? HEWé’,”%@“FW@F@e’PWh‘?&”@‘S@ t.etBPves data
si gnal s fr omctitisr WHICSES i abllf,;&” CHBUHEF stem 200
i ncludes a rrulltfi pIeI of ﬁéi%eﬁ%ég[})eél@ﬁaéﬂvo taglgé&?rgggﬁ%tor dl}l-h;% (HFAC

VRM) 260- 26@Ctiflgrdinira omzbel rmme%? proveer to @ Cedbrhaint lfTé]beﬁﬁcgﬁer aﬁtr)lsamt -
i i di.gi i .coh 55. The HFA

Vi ol ua YRR it Rna it s frst llering udze etuers fmiein the o

vol tage anmclﬁdv@?tad@y@veﬁﬁoﬁ&ﬁmﬁé,%nf&rnd?é pgﬁé@z%@ﬂ)glthsep%};e@wejlr 242,

menory/ bridge controller 241, network contro UN 2004
WO 01/ 505705upply 25800 Axagliiplelof switching units (ginglR4requiicy ssurtes) S0d<30Tare246,

keyboard i ; 47 udi o niroll er - and bus. bridge 245 (shown in
Figure 2). %ﬁ ﬁ'@%ﬁ%ﬁé@ea%pﬁ%?i?% eg@#ﬂt“'"ﬁ%% grepiaised coprelles smitnay
be inpl emerdrd EactebPhe SWitchiny BhREB01B0%ecb@the T Bboier o7t 8 Aitlting
unit 312 and converis the DC power to high-frequency AC power with a specific
frequency generating signal components at multiple frequencies. Each signal

component resonates at a particular frequency and corresponds to one or more
HFAC VRMs. Additionally, each of the switching units 301-309 receive an
control signal from the centralized controller unit 314 and directly adjusts the
amplitude of the appropriate frequency signal component which corresponds to
each of the appropriate HFAC VRMs 260-268.

A second filtering unit 340 is coupled to the switching units 301-309. The
filtering unit 340 receives the high-frequency AC power containing multiple
frequencies from the switching units 301-309 and filters away ripple from the
high-frequency AC power containing multiple frequencies before transmitting it
onto the AC bus 230. '

In the illustrated embodiment, a centralized controller unit 314 is coupled
to the multiple of switching units 301-309, the control bus 255, and the CPU bus
231. The controller unit 314 receives multiplexed digital signals from the control
bus 255 representing feedback from the muttiple HFAC VRMs as discussed
below. Centralized controller unit 314 compares these feedback with references
and generates control signals which directly adjust each of the switching units
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Figure 3 is a block diagramof one enbodi nent of an inverter unit 2&'7 J 2008
system power supply 250 (shown in Figure 2) according to the teaching ©

t he prese\gb igé/_g tion. The inverter unit 251 includes a rectifier unit

311. The re@% PP unit 311 receives AC power from a power BEHP$08/2¢30d¢
shown). The rectifier unit 311 converts the AC power to a DC domai n. The

rectifier ugj 1is., couple o afirst filtering ynit 312. The first
filtering u f‘@%énroéﬂﬁrc qﬂ‘%tpt}’@ amplty SB{’.?WOHH@E’JIWS which

t | SSi 30| ; I A .qul tipl
of swi t chi ﬁ%"‘ﬁ?ﬁ"ﬁ’i‘j‘% R S e e O P

are coupl edoneerpediment thecentraliZdeshtemilee nhit 31dzedeivesdad kRhaltirém 314.
Each of th ' | units 301-309 receive t DC power fromthe filtering
unit 312 aﬁ‘t&%ﬁ@%‘_{@‘"@@o&swﬁﬁ %@-ﬁngﬁbﬁ‘ﬂ%ld&ﬁs;ﬂ%@tdbwwﬂﬁ the
specific fCPOURRSY AL InReAs i CEP ; | P enci es,
Each si gnal ‘cor‘rpongn rtregggr@?gé Cg'ltﬂ?éa par'tgggﬁfrﬁs r%qrgé!aén%yé%rpdé@ggr esponds
to one or riitching-naity@08-30Qican alsodid gdjustechinaéspdresesis theltatg sigridl s

301- 309 recei cqQntr ignal fromthe centralized controller unit 314
and di rectlrgcéﬁﬁanggﬁ%&Mt ude of the appropriate frequency signal
conponent whi ch Rde%Pdiﬁg% ; i M 60-268.
A second filtering unit ?@@%ﬁﬁg@@%&)ﬁﬁﬁg%ﬂ%ﬂﬁéﬁt @t%\t{% > The
filtering 430, Thetrapstormes unitsS41i witeiveedqhe gh-AeqReNEF ACOTGWeNtdtaifing | Pl e
frequenci es s .301-309 and filters away ripple from

fromth i.t chi LS.
the high- f'PH@ﬁ@rﬁ?g@m‘atﬁg\ﬁ%ﬁé&m%@nw%i?ﬂQeamd stapsribedighvéeguency

transm ttingpi i ' ' i t a
centralized cgr?t“?égl I erﬁ {t}ﬁ?é\&&»%réﬁ%%dug?g%ﬁ? ?)IJ'% ﬁ? W&?Bﬁ@gg méhi ng
units 301-&BY. the control bus 255, and the CPU bus 231. The controller
unit 314 receiv mul t.i

representing fee E%tq'gkﬁﬁ&%éq:‘r&\l@a% ghﬁéﬁ!ﬁgﬁifgnﬁﬁgpégfﬁ%& Ufg&;‘%ﬁzv?S
and. gener ot e Bt o R A Ao EPSES iy FEPERRGT .
units 1 7 USIDG anknownoarcsigror iechniggenAntdeding to an embodiment of the
present invention, the rectifier unit 311, switching units 301-309, and the
centralized controller unit 314 may all reside on a single semiconductor, may be
discrete components, or may be a combination of both.
Figure 4 shows an alternate embodiment of inverter 251 (shown in Figure
2). In the illustrated embodiment, a frequency synthesizer 450 is used in place
of multiple switching units 301-309 (shown in Figure 3) to Qenerate the high-
frequency AC power having multiple frequencies. In various embodiments, any
number of techniques can be used to generate the high-frequency AC power at
multiple frequencies.
Figure & is a block diagram of one embodiment of one of a multiple post-
regulator units 271-279 in a multiple of HFAC VRMs'260-268 (shown in Figure 2)
according to the teachings of the present invention, Each of the post-regulator
units 271-279 is coupled to the AC bus 230 and the control bus 255. Each of the
post-regulator units 271-279 include a resonant circuit 511 and a rectifier unit
512. The resonant circuit 511 receives the multiple of frequencies and filters out
harmonics separating the multiple fre_quencies to a single specific frequency
corresponding to the specific HFAC VRMs for specific components in the

8



301-301 in order to adjust the anplitudes of the appropriate frequeq(ﬁlmzum
whi ch correspond to each of the appropriate HFAC VRMs 260- 268.

Addi ti onah‘é‘%/ one enbodi nment, the centralized controller unit 314

recei ves g”@%%‘hal s from the CPU 240 via processor bus PST/USEHH3Phe CPU
can adjust the power to the CPU according to the needs of the CPU. As

di scussed bel ow, . each of the switching units 301-309 can al so be adjusted

in responseCABPIRE Sygtem.s Rgstifier ynitR] R mraivemiheriglbeqiency AG pawef or mer
unit 341 i AC The

t ransf or m%ﬁﬁ?ﬂ%&ﬁﬁégﬁﬁgg W%‘gﬂ@ ro&ﬂgﬂgpg%@%&%? E@H a'Ai ng

mul tiple freanventsithe sigrahcohpohent of therhigh-fretjuendd A pewal #IS ah*}fh ut

hi gh-freque Wtoa ower | evel and transmts the AC power
onto the A(P%ﬁ%r 5'5’38' '\A%% pMaiTe W?ﬂgﬂ'@te @mboqyrnent,w stepidowruni t s
301- 309, fi | Y d the
transf or rrerﬁ%ﬁf?ﬁg%ﬁmd sﬁéﬁn nﬁ?{;ﬁﬁ%ﬁkg usi ﬁéﬁg}n tﬁﬁr{gﬁq'eé%ﬁnétﬁ@pv Hep

t echni que. dusrothe h;ghtfoewermybft@ tok lower ppwes &iVeli nvention, the
rectifier unit 3 [ units 301 309, and the centralized

it chin

control ler unit é%ﬁeﬁ'\% ug,t:51|%é§ caurisd ta the rﬁ%ﬁleiéwﬂéiiﬁdu'ﬂm)ﬁltenf@um
di screte cgﬁ@%%m@stﬂ?ﬂ@)bo%rﬁo%w {%ﬁpuﬁ'& b Eﬂl}' ure 4 sh WS al

| t te emb t t Pig g apgy fpg'e from
T ok il L ast il s

I tipl t chi s .301-.309 _(shown in Figure to generate the high-
Flrjeqhgngysw E%WZI 3 'ngu U?I WB%!!{I%?%OTZ%IBM’%@U '!Dwez/%)rl ogs enbodi mentsI gany
Ml pl o frequenc: enafto gt eBnlenee 51, i Orted o MM 2 B one.
of a mul ti ghecpool busgtbailte analogtedigitdliSonverier mnkitts 11l eergbs HRAC
'nvent  on. StEis dphEoldae B SN N 12 Mastbipgos Bupriatal Sooke. AC
pus 230 andndeeds i int) thBlontRPbuEass. Nocbfifing ROSh drfibliledt of fel Srethdi 279

i nclude a resonant circuit 1 and a recti
circuit 51investionyesch néthmpostgegulatorfurmmzés naandintludecsrily e recfifiénoni cs

separating uhﬂ%1%tak %ﬁ\.’él{ rseqtu%ngy i\d‘ Bcla\?ve? I%%Il ’Ihle A(Erbeu%ulre]t%c e DC
domain before transmrttmg it to the fines 220-228.

The rectifier unit 512, filtering unit 513, and the analog to digital converter
unit 511 may be implemented using any known circuitry or technique. According
to an embodiment of the present invention, the rectifier unit 512, filtering unit
513, and the analog to digital converter unit 511 may all reside on a single
semiconductor substrate, be discrete components, or be a combination of both.

The system power supply 250 (shown in Figure 2} and the mutti-

‘frequency AC voltage regulator modules 260-268 (shown in Figure 2) allows for
the distribution of power in a high-frequency AC domain containing muttiple
frequencies. Distribution of power in the high-frequency AC domain containing
multiplé frequencies improves the reliability of voltage regulation to components
in the computer system having high current differential over time (DI/DT)
requirements.

The system power supply 250 and the high-frequency AC voltage
regulator modules 260-268 also eliminate the need for dual conversion as
required by DC power distribution systems. Furthermore, the utilization of the
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corresponding to the specific HFAC VRVs for specific conponents in t @zﬁ’”‘
7 JUN 2004 WO 01/50570 PCT/ US00/ 24391 conputer system Rectifier un|t

recei ves the high-frequency AC power containing the single specific
frequency‘Y?BH?‘{%ﬁ‘b resonant circuit 511 and converts the SICJREI00REbonent
of the hi gh frequency AC power into an output power signal in the DC

domai n. ate. enbodi nent, a step down transforner (not shown)
may be |ncI gﬁ‘g&? distbytadigh-Frenurney A6 powerceniaiirepmudipde t he

Coupi ed Lo TRAUGIe ERiAIes INCUBI AR, o il srve!sRah ShadEomulile ne oo

pover from wirdingtansioamers)idndcddifionklrbbifRirs and@iterd. pp! e from the DC
power before tra‘@smttl ng the power to a conponent on the conputer system
(not shown) via "@@% EQttie(lemedrenm@menB)themmtwmqmumpleguta|

555" The. antpductiles Sorbbibdhy bdenfBiived Eontdier 23,88 daptSfh s 255 ( o
ond’Teeds. fmogﬂlm °f’""°'$%"| e T b???ﬁtééﬁ%%ﬁ?‘mﬁfd'%@'gna'
pr Fsen:} nﬁ?@ﬂgﬁﬁh @-ﬁgok-) gliraingtes multiple Q@MFOlrﬂlmp%fmphfmmd’jFAﬁcl ud ]?
C
Che’ AC bus YMs, 8hd tiids intelidene iGBE ot oM ire” ANHGNa N oB%85e 20g

The recti f ithe protessat2anfbid dyramigaliypconfraifed @éﬁbﬁdﬁﬁg apah ¥e heeds of iR
converter unit 511 may be inplenented using any known circuitry or

t echni que. eEs? W'ng to an enbodi ment of the present invention, the

f l: di 't |
Comvertar uni t 7gure b BitloiEoth hustthting A edG Bl BshhutPeb At  are, be
di strete coamonding o anrembomnwnﬁwfm proseht irlvehtion.TE sFESEET RUWE in SWPP! Y

250 (showndxéé y and the nmulti- frequency AC voltage regul at or
modul es 26 "‘?%ﬂ gulateddrere adlpwoireaiencyAC domaainite arhighfieguenty pdwer

st bt SRRl AR OB 0 ALl 6 SRR e 1

f requenci esPreagntdvesntiang the powhr in the AC davhainds reqaiedto Ahe HgH-RERGERES S
AC domain by rectifying the power from the AC domain to a DC domain and
converting the power from the DC domain to the high-frequency AC domain at
multiple switching units in parallel. An altemative embodiment would include
converting the power from the DC domain to the high-frequency AC domain at a
frequency synthesizer.

At step 602, the high-frequency AC power containing muitiple frequencies
Is transmitted from a system power supply to multiple high-frequency AC voltage
regulator modules.

At step 603, the power is reguiated from the high-frequency AC domain
containing multiple frequencies 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.

At step 604, a feedback signal is sent to the centralized controiler in the
power supply to adjust the power transmitted to fhe particular HFAC VRM
accordingly if necessary. According to the present embodiment, the feedback
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in the conputer system having high current differential over tine (E’M?J[TWZ[ID&
requi renents. The system power supply 250 and the high-frequency AC voltage
regul at or dul es 260-268 also elimnate the need for dual conversion as
required BE¥S98%er distribution systems. Furthernore, th®CTUSOP24301 on of
the 9 1 7 JUN 2004 WD 01/ 50570 PCT/ USOQ 24391 AC bus 230 to distribute

hi gh- freque oyer contajining nultiple frequencies elimnates the
requi r ement Q@ﬁaﬁ%%mﬁﬁg C@BH@@PSiW%@’Q@éEﬂ”W gidigital signadiang sendinef thener s,
and addi ti ogigitar bh¢ Il : h LN the il]ustrated
embodi nent , itghe %?PP?EE?@S%%G'EU#? ?’%f'ze@??"é’%tgﬁé@w%émd é'ds-by a
central i zed cont liothederegiping desariptionpthebinsedidn isadescibed aatfidiélefke to
converter 5&@ iﬁd a 5{ ocessor,. 240 cLeati ng a centralized digital fteedback
| oop (CDFL)SREGH FXETBRIaky, pMbadimentsithereof.o Byell, Rowever besvidant MrtC VRV,
and brings vyarsid id nehi L Additiagnal Ly, power to
t he processor cgnmggiﬁg%%ﬁn% g?a(? P@ac@nt@g? Ibegc?négééﬁéﬁ%ﬁ% %&?H‘ﬁﬁ@afﬁ'ﬁeé Bf the
processor . thedupader spiriband svopehaf thei presertrinvémibroagssi ey i the h?&éﬁng%qi ng
power acco(glgih?’g tﬁ%an enbodi rre&é of the gesent_i nvention. At step ,
power in an -gbR@ SRe¢iucatan and drawipgsaie pecerdingly thbe regardeddn ant o a

hi gh- f r equehgstrafifve I et ipl e frequencies. According to an
enbodi ment of the %ﬁgéﬁ?ﬁwﬁéﬂ'oméﬁ@%ow in the AC domain is

regul ated to the high-frequency AC domain by rectifying the power fromthe
AC domain to a DC domain and converting the power fromthe DC donmain to
the high-frequency AC domain at nmultiple swtching units in parallel. An
alternative enbodi rent would include converting the power fromthe DC
dormain to the high-frequency AC donmain at a frequency synthesizer, At step
602, the high frequency AC power containing nultiple frequencies is

transmtted froma system power supply to multiple high-frequency AC
vol tage regul ator nodul es.
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At step 603, the power is regulated fromthe high-frequency AC donain
containing multiple frequencies to a DC domain. According to an enbdd-/l HBNT004
of the present invention, the power is regulated fromthe high-frequency
AC domain to the DC dormai n by stepping down the power and rectifying the
power frorqv h-frequency AC domain to the DC donmmin. At step 604, a

f eedback s bfﬁéﬁd‘i“ ¢Bnt to the centralized controller in the power supply
to adjust the power transmtted to the particular HFAC VRM accordingly if
necessary.. According,to the present enbodi nent, the feedback 10 1 7 JUN
2004 WO 01)-50570 MeBPA98BEI 22591 signal is sent by converting an anal og

signal to a di getealingd g,na;te panét as e ndiegpoulesupgiygi t al f eedback signal to the
centralized power supply via a control bus, In the fore lggl n gﬁ'scrl ption,
Rkt

the invention i9n¥EsReheIYragiPPTeT R BlEsiteolagemaing uppnt a),a

enbodi mentguhhebent uelllcllesV\éa'ci] of HOPEMEL, of RE SMatleRting BBirticMATfieQUdicy that
nodi fi cati ons and (11 es may be nmade thereto wi thout departi n(lgj from

br oader spOFRPORGHd0 g%;s'é obt Plflﬁétymfésce‘fﬁtaws@mt?rdﬂoda?% By an CHOItlﬁe
appended &hahidd The specification and draw ngs are accordingly to be
regarded in an illustrative rather than in restrictive sense. 11 1 7 JUN
2004 What is cltEAnpBiringghe plurality gfpginals smpe P%lfafll’@o rde¥i-vi ng a source power
at a system power supply; converting the source power to a plurality of
alternating current (AC) signals at a plurality of frequencies, each of
the pluraldty ofhemethadeghslayn hEytharromPESIRE| cul ar frequency that corresponds

to any one of gcRliykPd febdbadf sidie ﬂ&hk@%rmﬁ?uf@ms dradul es (VRM in an

el ectronic system and transmtting the urality of AC signals to the
plurality of VRt thyplaratéd %&nalﬂbaﬁn&frinsnmtqdﬁérheebww &@Ms based

at least in part on the feedback signal.

3. The method of claim 1 further comprising:
receiving a control signal from a central processing unit (CPU); and
adjusting the plurality of AC signals being transmitted to the plurality of VRMs based at

least in part on the control signal.

4, The method of claim 3 wherein adjusting the plurality of AC signals further comprises

adjusting voltage levels at various frequencies.

5. The method of claim | wherein the source power is a low frequency AC power or a

direct current (DC) power.

6. The method of claim 1 wherein each of the plurality of AC signals corresponds to at

Icast one of the plarality of VRMs.

7. The method of claim 1 wherein the plurality of frequencies are high frequency AC

frequencies.

8. The method of claim 1 wherein the plurality of VRMs comprise a central processing

unit {CPU) to control its input voltage dynamically.
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receiving a feedback signal fromthe plurality of VRVs; and adjusti ngy 9@@209’*
se

plurality of AC signals being transmtted to the plurality of VRMs ba
at least in part on the feedback signal. 3. The nmethod of claim1 further
conprising: receiving a control signal froma central processing unit

cPY) ; dj usting the plurality of AC signals bei i t1ed h
bl urai i oy bt Ve Baasd et Skt B e BoRtnRoaghe fo FERNACS. The

met hod of ggml md3vhahér b coraditiug termgiseie plurality of AC signals further

conprises adjusting voltage |evels at various fre cies. 5 The nethod
o Bl arm 1 wher S TRERIEE ASeBAS Rbot Y U FotstEnE) Siiider or
direct current fd6orpaweie.DGsigkhe theplbadnyel A sdndlslat b pluedliny gach of the
plurality of AC signals corresponds to at |east one of the plurality of
VRVE. 7, TH®YAE{%od of claim| wherein the plurality of frequencies are
hi gh frequency AC frequencies. 8. The nethod of claim1l wherein the

plurality of VRME conprise. a (f:e tral processing unit (CPU) to control its
i nput vol t Hhe diifdnsteed afglaim 3 Tyrthenequipsigoe 9. The nethod of claim 1 wherein

the source powesmds@Hity thé fisrafit) FWJ JiSQLANGY phAkalinséfdRabendiRepidies ei n t he
converting conprises: rectifying the |l ow frequency AC signal to a direct

current (Df"SB{Uial; and transforming the DC signal to the plurality of AC
signals at the plurality of frequencies. 10. The nmethod of claim 1 further
conpri si ng: snoot hi nlg the plurality ofL AC signals at the plurality of
frequenci esl- pri bie pghodaf glamil durthsptomprisinghe et hod of claim | further

conpri si ng: recn%ké{@in?t_hte?ﬁlrapiquéﬁié bi¥na0f at AGr S VBNRbSthapludlify JISIRWERM of the
plurality of VRMs; Tiltering the plurality of AC signal's to a specific
Si g_nal at a parfilif<ce g My eht§ siEhalt 1© asproiisPERbY 2Partichar Rauency it

corresponds to the VRM; and

converting the specific signal at the particular frequency into an output DC signal.

12. The method of claim 11 further comprising:

generating a feedback signal based on the output DC signal;

sending the feedback signal to the system power supply; and

adjusting the specific signal at the particular frequency at the system power supply
based on the feedback signal.

13. A method comprising:

receiving a plurality of AC signals at a plurality of frequencies at a voltage regulator
module (VRM);

filtering the plurality of AC signals to a specific signal at a particular frequency that
corresponds to the VRM; and

converting the specific signal at the particular frequency into a DC output signal.

14, The method of claim 13 further comprising:
generating a feedback signal based on the DC output signal; and
sending the feedback signal to a controller, said controller to adjust the specific signal

based on the feedback signal.

15. The method of claim 13 further comprising:
filtering the DC output signal to filter away ripple.
13



converting the specific signal at the particular frequency into an ouf Hﬂﬁ 2004
DC signal. 12. The nethod of claim 11 further conprising: generating a

f eedback signal based on the output DC signal; sending the feedback signal
to the system power supply; and adjusting the specific signal at the

particul ar, frequen at the systempower supply based on the feedback

si gnal . é.(" A rflgfbf’?gecyr %oévﬁf)?quﬁ(hﬁo@prngg%i ving a plurality of AC signhals at a
plurality of frelisiengitest ttre@iwalsbagepavequl afirerdomaocadde (VRM);  filtering
the plurality of .AC signals_ to a specific sign t. a.particul ar. frequency
that " corr esportdneaty At futERRr T hyORRY Ensty Rk L k@i he
parti cul arfrdgoegieenrash dftiteql@alXCoDAC Righal Shagyhgla. padiular e uamdy iod cofesgindd m 13
further canprising:, generati a feed si gnal based on the DC out put
Sonal . adbe o RSt ekme PO SR B R G EOR of L er to
adj ust t hahsgeaiifyi o€ A1 @als frobased sem doler fupsid ok peiginadf. vEis. The net hod of
claim 13 further conprising: filtering the DC output signal to filter away

ripple. 13 17 JUN 2004 16. A system power supply, conprising: a first input
port to regei VETha s$adhi fSvdd QWply dftladm fl 6 Asthed@mBtising:and an inverter to

convert the source power into a plurglity of AC signal.s l.urality of
frequenci es, edchf® "Eph‘ép‘iﬂ‘ﬂr’%i’ﬂ"gﬁlf‘?fgi%&g@?aéﬁ&l”s‘ﬁ‘?éiﬁahﬁ ngfpﬁfl{)\”%ﬁl ar
Erecl\l/;lenfcy doﬂt&?l b@@ﬁm@s}pmdﬁvenmoa]pg@rstaicsru.laafed/es@nv&iet ﬁgﬁjuéﬁlﬁélﬁlaiaﬂ? ofodul e |
VRM of an_ electronic system and to transmit the rality of AC signals
fromthe s%flé?ﬁ?bmtr@ﬂb’m‘ﬁmtﬂéf QWQI‘%IOEVE‘P%{H?SGSP“M‘?"MT SiEfRle syst em power
supply of claim 16 further conprising: a second input port to receive a
feedback signal_fromthe plurality of VRMs via.a control bus wherein the
i nverter c'&rrpri]g‘§§y5ée"&g‘ﬁ‘f$é‘l'ﬁp§ye‘lf°éﬂ'ﬁt]?gﬁhgrcof"@r‘%{?ﬁ:ust the plurality of AC
si gnal s bei ng ta Ras@itguesbri @ rédRe pordl signal bm RMard) paedsiaguiih@riaedback
si gnal . 18a.ndThe system power supply of claim 16 further conprising

an adjustment unit to adjust the plurality of AC signals being transmitted to the

plurality of VRMs based on the control signal.

19. The system power supply of claim 16 wherein the source power is a low frequency

AC power or a direct current (DC) power.

20. The system power supply of claim 16 wherein the source power comprises a low
frequency AC signal, wherein the inverter comprises a rectifier unit to rectify the low
frequency AC signal to a direct current (DC) signal; and

a plurality of switching units connected in parallel.

2L The system power supply of claim 16 wherein the source power includes a low
frequency AC signal, and wherein the inverter includes a rectifier unit to rectify the low
frequency AC signal to a direct current (DC) signal, and wherein the inverter includes a
frequency synthesizer to transform the DC signal to the plurality of AC signals at the plurality

of frequencies.

22. The system power supply of claim 16 further comprising a filter for smoothing the

plurality of AC signals at the plurality of frequencies prior to transmitting.

23, A voltage regulator module (VRM) comprising:
14



a second input port to receive a control signal froma central pr ocels»’si nﬁ?lﬂﬂ&
unit (CPU); and an adjustnent unit to adjust the plurality of AC si gnar“é
being transmtted to the plurality of VRV based on the control signal.

19. The system power supply of claim 16 wherein the source power is a | ow

Supply of ol ai PTG GREH Girele PLEHFEE SO L AT L oL equency. AC
signal, wherei m filkegtd filvee tHe @lurdl NPT A S Signals 1 @GHdciticaignbinit b paricu@diefignet he | ow

frequency AC signal, to a difect current (DC) signal; and a plurality of
switching' iC’P"é‘:SB‘HHiﬁécb‘th%XﬂM Parallel . 21. The system power supply of claim

16 wherein the SetifkeulOwRbneRthePdes iasikavar the RELRNE frefiensi igdalnc and
wherein the inverter includes a rectifier unit to rectify the | ow

frequency WEUEFigHAl to a direct current (DC) signal, and wherein the
inverter includes a frequency synthesizer to transformthe DC signal to
the plurality of AC signals at the plurality of frequencies. 22. The system
power supply ofot?IWOg@aWﬁ‘lﬁ?eréﬁ’ﬁHﬁ”ﬁ ng a filter for snoothing the

plurality of AG gidRa sl gehfibtoPlobeAdritt ¥ fRfibdck Sighe BEIcE Sn e DAY ouft Sl
transmtting. 23. A voltage regul ator nodule (VI conprising: 14 1 7 JUN

2004 an i ROUEr PEIY: apS receive a plurality of AC signals at a plurality of
frequencies; a fichdiRE udibioléddlifd foldbBolditHaPboialsystth pd¥er Shyphaksid Eateth Speci fic

signal at a particular frequency that corresponds to the VRM and a
rectifier nemietsupplycopiiest thesprsificpigoplbasedsmghedeedback $2barti cul ar frequency
into a DC output signal. 24. The VRM of claim 23 further conprising: a

f eedback signal generator to generate a feedback signal based on the DC
out put poler sh grikm compEisiag'sendi ng unit to send the feedback signal to a

syst em power suggpyltgmaﬁ%icqrr@m%@musromr supply to adjust the specific
signal based on the feedback signal. 25. A system conpri sing:
a plurality of voltage regulator modules (VRM); and
a system power supply to receive a source power to convert the source power to a
plurality of AC signals having a plurality of frequencies, each of the plurality of AC signals
having a particular frequency that corresponds to a particular VRM, and to transmit the

plurality of AC signals to the plurality of VRMs.

26. The system of claim 25 further comprising a control bus to couple the system power

supply and the plurality of VRMs, each VRM to filter the plurality of AC signals to a specific
signal with a particular frequency that corresponds to the VRM, to convert the specific signal
at the particular frequency into a DC output signal, to generate a feedback signal based on the

DC output signal, and to transmit the feedback signal to the control bus.

27. The system of ¢laim 26, further comprising;
a centralized controller unit to receive the feedback signal and to generate a control

signal 1o adjust the amplitude of the specific signal corresponding to the particular VRM.

28. The system of claim 25, wherein the power supply comprises:
a plurality of switching units to produce the plurality of AC signals at the plurality of

frequencies.

29. The system of claim 25, wherein the power supply comprises:
15



an alternating current (AC) bus; a plurality of voltage regul ator n&@qhﬁznm
(VRM; and a system power supply to receive a source power to convert
source power to a plurality of AC signals having a plurality of
frequenci es, each of the plurality of AC signals having a particular

frequency that corresponds to a rticular.. V and to transmt ,.th
plurality of AG fg‘?q@ﬂg%y'{t FSPRE® Bﬁja}”cé:l[ﬁe[@)urglflty\gglﬁg.mg%}.sg?ﬂ" atgf/g?t"{aa% o?ef claim
25 furt herfreqo¢iafes.si Nng a control bus to couple the system power supply and
the plurality of VRVs, each VRMto filter the plurality of AC signhals to a
specific signal with a particular frequency that corresponds to the VRM
to convert the specific signal at the particular frequency into a DC

out put signal, to generate a feedback signal based on the DC output
signal, and to transmt the feedback signal to the control bus. 27. The
system of claim 26, further conprising: a centralized controller unit to
recei ve the feedback signal and to generate a control signal to adjust the
anplitude of the specific signal corresponding to the particular VRM 28.
The system of claim 25, wherein the power supply conprises: a plurality of
switching units to produce the plurality of AC signals at the plurality of
frequencies. 29. The systemof claim25, wherein the power supply
conprises: 15 1 7 JUN 2004 a frequency synthesizer to produce the
plurality of AC signals having the plurality of frequencies. 16
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