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a dedi cated power sup or each i ndi vidual server in a rack system
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knovvn HthgalC@lhp@hegtsngl e power supply provides power to nore than one
server in a rack. gﬁe such common Power suppl i es may, howeve
requi re [P9EH thféa‘g’é%ﬁ dicpfed POWFT PWPBDL B the cBISvE GBmsEVer Mg fék%év%é\ma“tla]
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to result in excess capacity relative to the load for the system. For example, in a server rack

system having 40 servers, each server may include a standard, off-the-shelf power supply with a
350 watt capacity, for a total capacity of 14,000 watts. The maximum load of each server may,
however, be only about 250 watts, for a total power requirement of about 10,000 watts.

25 [0004] Some systems are known in which a single power supply provides power to more than
one server in a rack. Using such common power supplies may, however, require that the servers
be modified to receive power from a power source external to the chassis of the servers, instead
of from a conventional power supply inside the chassis. Such modifications to the servers to
accommodate a common power supply add cost and complexity to a computing system.

30

BRIEF DESCRIPTION OF THE DRAWINGS

[0005} FIG. 1 illustrates a computer system that receives power through a power routing

device in an cxpansion slot of the computer system.



BRI EF DESCRI PTI ON OF THE DRAW NGS 100051FIG 1 illustrates a
conput er systemthat receives power through a power routing device in

an expansiwg 2811A66108 the conputer system WO PCT/US2011/037158
2011/ 156100PCT/ USs2011/ 037158 [00_06] FIG 2 illustrates a rear

per spect r routin evice according.to, one .
Brbon Il ooRlss eGP i B P e Se VS gpording to one
routing e@mumntncl uding a nounting edge with no el ectrical
connections. 5[0008]FIG 4 illustrates gne enbodi nent of ~a power

routi ng B8 ce FiGk Puidipviites ans smbodncsy g8 aioMsT eusiag deviss “198%‘%%1 giounting

[OOOQ]FIQ% Rith S0 BleeeREMBhhLtifhsagdr am i | lustrating one enbodi nent of a
systemin T ud ding a power routing device in an expansion slot of a

servér. [POE810] FIFIQ 4gillugfratesukemodinatic af papomicr rarsing deving inghwling a mounting

enbodine e ying 10 nultiple servers that receive power
froma co%n%nh%k%gghég%%ﬁy t hrough power routing devices. [0011] FIG

7 is a [boxsk diBIgr &nisial dchhatint dlamamnﬁusemmgl bne eimbafimantsyfst @ptetrhatluding a
i ncl udes servers that .share pawer ipmnultlple power supplies.

[0012]Fﬂ@9@?%mﬁp$ SPedP 8 CgRES! ﬁﬁBH?ﬁEWFQBf an alternative power

di stribypom) SysiEm™ ik Rhawitdi MdgRAWEusirRinGOMRY chbRhmb@Sof B Fstdt Baving
center. 15[0013]FIG 8 illustrates a nethod of delivering power to a

conp ermlﬁyglpéiaﬁvm St roseive BRECT TR  AGMBONESWEHHBRIY hraughvser soufing dexiees.
t hat CO gondﬁd O ANy %wamg%n%h{?&rahﬂg 0HE HRORIHR! oFYSHETM that includes

accord| one enbodi nen
sewers that share power from mul‘nple power supplies.

[0012] FIG. 7A illustrates one embodiment of an alternative power distribution system for
providing power to power supplies in a data center.

15 [0013] FIG. 8 illustrates a method of delivering power to a computer system that includes
routing power through a chassis window that corresponds to an expansion slot in the computer
system, according to one embodiment.

[0014] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and will herein be

20  described in detail. It should be understood, however, that the drawings and detailed description
thereto are not intended to limit the invention to the particular form disclosed, but on the
contrary, the intention is to cover all modifications, equivalents and alternatives falling within the
spirit and scope of the present invention as defined by the appended claims. The headings used
herein are for organizational purposes only and are not meant to be used to limit the scope of the

25  description or the claims. As used throughout this application, the word “may” is used in a
permissive sense (i.e., meaning having the potential to), rather than the mandatory sense (i.e.,

kF Y

meaning must). Similarly, the words “include,” “including,” and “includes” mean including, but

not limited to.

30 DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Various embodiments of power routing device for a computer system, and systems
and method using such a device, are disclosed.
[0016] According to onc cmbodiment, a power routing device includes onc or more

mounting portions and one or more power routing portions. At least one of the mounting
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on the qoogyit ReRtdn@eESQENbodintens ARBHDOLIIBRE Sowdrhe c6:apIIhB8Iin a server
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10[0018]A£cor ing to one enbodi ment, a system i ncludes one or nor
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COMRUL e o3t ©S n Mioch GRS, BeBlioh NE:LURUL SLaoN ! &M AELMGER, circui
chassi s, a circui oar aSseH%?y aving one or noré expansion SIS
and a pawerd dseaibln gf desthmeer systah th @dd funotives @f eliacethpansibiity sf the somputer
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can transmit electrical power from one location to another. Suitable conductors in a power

routing device may include wires, bus bars, or circuit board traces. In some embodiments,

conductors are carried in insulators and/or protective elements, such as cable insulation, conduits,
30  sheaths, or tubes. In somc cmbodiments, a power routing device may include a power

transformer, a power converter, or a power conditioning device.

[0024] As used herein, “mounting portion™ includes a portion of an element that mounts or

couplcs to another clement. A mounting portion may be integrally produced with other portions



board assenbly of a conputer systemto add functions or enhance the
capabi lity of the conputer system [0021] As used herein, "expansion

sl ot" meangoaofih9é109r socket in a conputer system that payysasGePhsan
expansi on card. 25[0022] As used herein, to "route means to establish
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cl ement .[¢d26)y0uUNnA$ 0@ ddefdin, Cohassly’ Means ntsagetard or gnoiu dadsupipbits aiokier element
portions WO 2%&1/156100PCT1U 2011/ 037 of , an e enent such as
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or card that carries one or nore circuits or portions thereof A
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assenbl y™ ‘i ncl udes any conbi natio ment s that one or
more ci r[edR% boas dsed [laeeilﬁ]aAéraqlséahidaes ai rack,’ cdrra&sqzrs'fra:marcg @her element or

structu ' om ma%on OF eQement Ahatcal %gr{tglﬁ of Bl%}spc%[ly suppnﬁ ohe or more computer systems.
[0028] As used herein, “computing” includes any operations that can be performed by a
15  computer, such as computation, data storage, data retrieval, or communications.
[0029] As used herein, “computer room”™ means a room of a building in which computer
systems, such as rack-mounted servers, are operated.
[0030] As used herein, “computer system” includes any of various computer systems or
components thereof. One example of a computer system is a rack-mounted server. As used
20 herein, the term computer is not limited to just those integrated circuits referred to in the art as a
computer, but broadly refers to a processor, a server, a microcontroller, a microcomputer, a
programmable logic controller (PLC), an application specific integrated circuit, and other
programmable circuits, and these terms are used interchangeably herein. In the various
embodiments, memory may include, but is not limited to, a computer-readable medium, such as a
25  random access memory (RAM). Alternatively, a compact disc — read only memory (CD-ROM),
a magneto-optical disk (MOD), and/or a digital versatile disc (DVD) may also be used. Also,
additional input channels may include computer peripherals associated with an operator interface
such as a mouse and a keyboard. Alternatively, other computer peripherals may also be used that
may include, for example, a scanner. Furthermore, in the some embodiments, additional output
30 channcls may include an operator interface monitor and/or a printer.
[0031]  As used herein, “data center” includes any facility or portion of a facility in which
computer operations are carried out. A data center may include servers dedicated to specific

functions or serving multiple functions. Examples of computer operations include information



or to which other elements can be nounted. A chassis may have any
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and Operla2t2i O%%lnn&?orll‘tprh?gl 122 couples cable assembly 118 to a receptacle on power supply 106.
Connector plug 124 couples cable assembly 118 to a receptacle on power routing device 114.

[0036] Cable assembly 126 couples power routing devices 114 to motherboard assembly 110

25  of computer systems 104. Cable assembly 126 includes connector plug 128 and connector plugs

130. Connector plug 128 may couple with mating connector receptacle 132 on power routing

device 114, Connector plugs 130 may couple with mating connector receptacles 134 on

motherboard assembly 110. In some embodiments, mating connector receptacle 134 on

motherboard assembly 110 is a power connector for a standard power supply that is in

30 accordancc with an industry standard, such as ATX. In such cmbodiments, a power routing

device may be used to supply power to an off-the-shelf motherboard (which may be designed to

receive standard power from a conventional power supply, for example, in the chassis of a

scrver) without any modifications to the motherboard.



[0032] I n sone enbodi nents, a conputer system such as a server,
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exanpl e, in the chassis of server) out. a ications to e
ot ner pdabh' EB0I1) Tad oeRTr Jet G e S Fua I PoRaeel Gat Hadstne
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104, such as central processing unit 116 on nntherboar ssean%_llo
[ 0038] | rmasopass aifbaeighetemputes %;o%m 1040 Ja jongy cbediment; air flaws fomehe fiantdn the

eXp%BS'QQ#%Bﬂ&wgﬁwﬁsﬁﬂ%ﬁykﬁ board assenbly in a conputer system In

certain e expansion slot for a
[0042] FIG. 2 illustrates a perspective view of a power routing device, as viewed from the

rear of chassis of a computer system, according to one embodiment. Power routing device 114
couples in chassis 108. Power routing device 114 includes body 152, backplate 154, and bottom
edge 156. Bottom edge 156 of power routing device 114 couples in edge connector socket 144
30  on motherboard assembly 110. Backplate 154 of power routing device 114 may couple on card
cage 146 of chassis 108. Fastener 155 may secure backplate 154 to chassis 108. Backplate 154
may align with window 158 in chassis 108. Window 158 in chassis 108 may correspond to

expansion slot 142 in motherboard assembly 110.



5 power routing device is in accordance with an industry standard. In
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ol 1o 00 ©TRai Bk ORGRRK R R T T el e oige 199
1, for exang@ugle withvesnnesoit plog 122w cableldsdersliiydli®s Cableapanslydns hidglintlude
142 on not herbo%rdd aspéenbl y 110. Expanz;’go_n ?Lﬂ; 142 y.be in

accor darfOBAYHAr thah PP POYEE FRAVET reuipg dsyisn &1 (pr axamplen Bpmapasves sgpply 106
connect QfesGReK 8ovi 4datifetd $8:51)108 i ncl udes card cage 146. Power
routing device 114 cqggl es with card cage 146 at the rear of chassis

108. 5[ 0d8@44br ovFlerissig 183 prawepclpdruwindgwadvP @ad i180.aViadpandioand | ¢ may each
not herb N seryer i d wodi .

ot hor bagraFraag Sra s obfon FERAGLMY ARG, TR A BoffB oluing B8hice thar
power f rromtesipovest tiepugt a plowes widppl fyr anl expsoie Sotinei aiientas the nsed tognodify a

receivin ower fr.om an external supply i.ncludes a.chassi.s d

ot her bOPRRa GRS TEREE TR s puT T Ot Ehe Risci AT ey s o ssmmale. o
I n cert abohveaibedi piRRt Supily P@WeIhside! Pid ¥hdskigh 15 sovaE redbblinhay iselael or nllaof
server may be renpved or omtted fromthe server. [0040] Conputer
systi®m tohdews fgslatnthet e aat biyicen ErnusiarAsf distaligdy uclyas pgrawa{ 60, gpay be

20ri ght gL 0% With siaaﬁﬁ}% 21211@@,8fd?%\’(al‘ﬁglg?ﬂy_ecdﬂﬂ'opQéétﬁy%&%ﬂgic”ﬁteﬁﬁfelnée (“EMI”) in
slides, ofr |edges, on ft and right sides of a raCk. In certain

enbodi mmemputeasysteint 10kt may be installed on the sides of a chassis.

[ 0041] Vﬁg&fﬂ 117Aﬂﬁ’aﬁgﬁ"i£ 3 %ﬁodﬁnﬁe&_«l{ WO BR ig@& %ir ﬁleil%%nve& Q88 device is

h
heat praoducCing conponents conput er systens
enbodi maoupsled & aoedphmsgpradlet diystyem tho mdtlivebaaat kn orhgr quaedinadnts, & ppwaghuting
con'plgt er, syste 104. .1.n one enbodi]nFnt ir flo fromthe fron% toF
the 195 plg¥iee gy PsmYided 189U BXRESIIH YO ?fb%ng]eﬁﬂéw opyd) i &cPmpRigT fystem. ~ For
per spectdxy@phl & ffwed rd QBT dek b trhdyTbed Edtipted, to algy ke dcdnedtort HE a lM@@banine
of chassis of a conputer system according to one enbodi nent. Power
rout i ng eVt cards 1l eesai @BPqdiMen SsfaskatomnngsiRigler p eich gowBg; dekice ey be

i ncl udes, HAAM drf cirRAHREAhS: ia-ﬁflmnéaﬁteﬁea&iamlqgqqn&ﬁéboﬁ@,t@ammm@ pgwer

156 of power routing device 114 couples in edge connector socket 1
30 on nophiengyisaicd isivstelds paralleo tBamRibedperd154 of power routing device

L5450 SR © 8Py 505 Bl SRRSO o2 ML B 1
wi ndow kbftes powdrabmugh 11dGcar\tfrutiansis1BB, b povhawsiisg dS&cemayy wote @y tidough
t281(]a_;( Eg%%%k%%éi!ﬁg% ?r%ﬁtt,’ %’%[e,dtoﬁ %‘tatgr%! gr alcjé(r)ﬁbinayi\gl thereof.
[0047] In the embodiments shown in FIG. 1, power routing device 114 delivers power to a
single circuit board assembly, namely motherboard assembly 110. In various other
25  embodiments, however, a power routing device may deliver power to two or more circuit boards
or other electrical components, In certain embodiments, one computer system may include more
than one power routing device.
[0048] In some embodiments, a mounting edge of the power routing device does not include
any electrical connections at the mounting edge of the power routing device. FIG. 3 illustrates
30 onc embodiment of a power routing device including a2 mounting cdge with no clectrical
connections, In this embodiment, the mounting edge may be coupled to a standard connector
slot on a motherboard assembly, but the electrical contacts in the slot connector are inactive.
The cdge conncctor socket for the expansion slot thus provides a mechanical conncetion to the

computer system, but does not provide an electrical connection. In FIG. 3, power routing device
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[ 0043] Power routing device 114 includes faceplate receptacle 159.
Facepl ate receptacle 159 may couple with connector plug 122 of cable

assenbly 14:8.201ABd160 assenbly 118 may i ncl ude conduct or $cirhaboisepntsy
power to power routing device 114 (for exanple, from power supply 106

W ndovs 2P8aREe ER0Y 20 RALIE TS bt Tt iy Rl e 2fon o fign A 206

expansi ahaysihelidomotei2dser board assenbly 110. A power routing device
that routes power through a chassjs w I’]dO\gl éor an expansi on sl ot nay
el i mi natl804%e nBedy £82 nefdippyyera reHRgs AV PR iy B3 o WO BIFME: s diir oane

ext er nale,{ydalnfi&itsC BRSIE 1] BSihaasksOf cirb @ bRXATBLS 2@ SRPYEHbIABlng on one
power supply unif inside the chassis). In some enbodi nents, sone or

all &f evirigdwsidgsont the bedy torarry gendvstorndie larredsipambodimeatsy gower routing

install ed,. : i - Y, i ' i

for exar?%l“gzg H?@“@%ﬁ&r% &\gﬁnég?r}sgﬁgoﬁgﬁpgy@ﬁb %tgge%tﬁgg%agﬁtﬂ% (}%kﬁg 280. In
conput erceayia teaodifénts| ORGP ANaly anudpind el arhdukiag @rab etd easepertallyabyshdsi condkicesss in
1 and 2, the(ﬁower routi.ng device is coupled in an expansion sl ot

di rect | POORT IWEPHETHE490ar d, in ot her embodi ments, a power routing 15
devi ce maysope PCGuERE 103 By QXRIINeOFecsived o culiddcefongiutd Wivited @R bk or
in a conputer system For exanple, the power routingﬁdevice may be
couplled Qe sHEE! BRREdsR! T eTmBtar sYStgn. ORISR HB B ByMircs 4iTguit peprd traces,
certain i iSRicK HerGANNBCIHe {RlodfnBRNSHWECHEIRY dERY S® feed
may be pb?g?lg%’egle%%s?ngﬁl%ggi t E>l:r)éc\)ogrd t%?gie IS orrquntgé\? ger per{ fcular to e% °
nmot her baandictas ditedtliyde atcablepoleps cablg 1 2fgshdeniin F1Os].| het edample, pawer roeling
to the t he ard.. 20 4 .t h ' ' '

i s, 1 R 200 Bl st 2 Ol Aite e ok Moo RRARLBRRER 55 25 Bt epsprete
rear of 16hads bthed OBbodmptsygioweo thuting deldvd 266 may convutt poponereitdir ihugigh the
any part. of a chassis, including, front, side, to bot or a .
CoMIBnatiToH: 1€ HERGS I a5ba ) TOTe HELoLHBBN RENELTOURRARPH D ey Fecdig signals
routi ng ¥QMiaGRoddifardghit\eRictnaP@Vdontditcd syskddgll € circuit board assenbly,
nanmely not herboard assenbly 110.1n various other 25 enbodi nents,
however ,[085loneln ¢asiin pybeivents sappeders wsh Molpesplity recebtasle sy and output
circuit iR6d FofPd pEOIPRNEHY Sevidd) OB tRdhle, i
enbodinéﬁ%@%g%ngbég& 3%é$%systen1n8y incLﬁﬂ% ﬁ%re t han 5ﬁéeﬁ%ag¥mwnunng
rout i ng dieige cery 90 48Tpigtaig bancangaeni anethe Snpud sitoutheiovtpuedige, of bathe In one

po r out,l devi ce does.not includ n | gct 1 i.Qn .
Phe Hountiied e B RER B ARah s o R 6! FuBRs 46 RIPEBab YD, P
one enbddardenentfly.a power routing device including a nounting edge

Y

wi th no trical connections. In this enbodinent, the nmounting ed
may bo_ dBled Kosie PARGA B0 tnBOLGIEs FORE B O AOYfio FORF cevied provides
assenbl Yolediitlal EdiBe@loBS bétvead 2 pOMrasihtgl divichand h OfcifHVARCIRIG. Afilfustrates one
i nactive. The edge connector socket for_the expansion slot thus

provi desembogdisedni 9f caPO¥InIoEtRg @AViEy inchuling a mounting edge with electrical contacts.
25  Power routing device 210 includes body 202, backplate 204, and bottom edge 212. Bottom edge

212 includes contacts 214. Contacts 212 may be connected to electrical conductors, such as
wires or circuit board traces, in power routing device 210. In certain embodiments, connections
through bottom edge 212 are in accordance with a standard for a PCI bus. When bottom edge
212 is installed in an edge connector socket on a circuit board (such as edge connector socket 144
30  of motherboard 110 shown in FIGS. 1 and 2), contacts 214 on bottom cdge 212 may couple with
mating contacts on the edge connector socket.
[0053] In some embodiments, a power routing device may convert power from one form to
another. FIG. 5 is a schematic diagram illustrating onc embodiment of a system having a power

routing device that provides power conversion. System 230 includes power supply 232 and
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conput er system but does not provide an electrical connection. In
FIG 3, power routing device WD 2011/156100PCT/US2011/037158 200

I ncl udes bggdyodBasioeonduct ors 203, backpl ate 204, and betrthzniedgess
206. Bottom edge 206 may include notch 208. [0049] Body 202 of power

routing devi 200 can hawe,variqus AN o S i
200 1 0. 54 F8k EReE R A8 MV R enk 500 FE 208, REREE 2 e
one 5 simi@h@bodrdtabseaibiied3®hind pewbothntihg dedice P38 onduetoraitiagdevice 238 may

certain enbodi nents, po routing devj.ce 200 includes ousi ng .f or
sone or cavwleélfewaﬂ%tﬂe*?@mma@e%ae@@35039%1‘0&8% s Y e iR
enbodi Meh FronPRsWer 205p178Y2. | RGhe SgbeHiReMShegn IRIG. 3t inb8EB0 iRdides &l 12Wvolts,
shi el ds conductors in power routing device 200. [0050] Conductors 203

may Gar ryvobisvied eramdi Veerpingmbedindnge Pev onwingslevisy 33%Emay pegiMe inppt signals
nore cirgu t d :

r oo o el BORE HonP hoer SR B2 RUBEE, CRATHELEMD BRF LU eRE in pover
sone entodvarson sjodplevid. r Fotvengprdexiopen®iile ey dsngomduonwars adil/oe coridytion

to a cable h as cahle 126 shown in FIG 1. For exanple, power
routing la@(}?ﬁ?%@%gﬁr eed + 12 volts direct current from faceplate
recept aqg@54159 POveR Ubititly deaRPIACintludsZovetiBad blvddctiemosli meRtdoadpRvREtion
routing device 206, may convert power recejved through the 15input to
var il8us dpBice Ateray [nsluderfer eREml, ARTRIINOE GiigHt lPrB{]ﬁCF%{ﬁr}%%i ce 200 may

recei ve [gogHal SiObnfladntboith@gl el Rtihg Wbi8E BAY frévide SAMRURSRgement for
system [0051]1n certain enbodi nents, connectors, such as facepFate

r ecept aqlowen Beuieththrenghpthie dewice ptfge lcsamide, povesy petingnileviesd2X8r dewa Povier: 5
routing. Lce. r | j :

o o0 S S b PP o RPN Pl L SRATRAARS i on
one 20enbpdiitadrircuittbpodef poowt irmgindedevice 138c| Ubteer ananapdreck [latice 248 may

l.es to. | ' i t ly. [0 |
O et LRSSt St AR oy B b oo
el ect ri qabs6} oNNBGHne REMbEEMBRE v G¥¥RFo] hitlibd MichideME CarcasE ndaydici@siitied on

board. FIG 4 illustrates onpe enbodi nent of a power raqutin evi ce
i ncl udi rf’gm‘é?“ﬁd’@ﬁ‘idi tH?} Iéabté“\?d fore BPRELPHEg devight dOf §’.‘ampqe= mot ergoa"d assembly

236 includes motherboard power management module 254. Motherboard power management
module 254 may perform power control and monitoring functions in instead of, or in addition to,
20  power management module 248 on power routing device 238. Motherboard power management
module 254 may be coupled to power routing device 238 through PCI bus 252, or through
another connection.
[0057] In some embodiments, a power routing device may include functions unrelated to
power, such as network interface control. In certain embodiments, a power routing device
25  includes server monitoring and control. For example, power routing device 238 shown in FIG. 5
includes baseboard management controller 250. Baseboard management controller 250 may
include a microprocessor. Baseboard management controller 250 may monitor various functions
on server 234. In certain embodiments, baseboard management controller 250 receives data from
sensors in server 234, Baseboard management controller may detect and respond to failures in
30  scrver 234, Non-power rclated functions on a power routing device may intcract with power—
related functions on the power routing device (such as power conversion), or non-power related
functions may be independent of power-related functions on the power routing device.
[0058] In the cmbodiment shown in FIG. 5, bascboard management controller 250

communicates with motherboard assembly 236 through PCI bus 252. A baseboard management



25 Power routing device 210 includes body 202, backplate 204, and
bottom edge 212. Bottom edge 212 includes contacts 214. Contacts 212
may be COFW@Qﬁﬁﬂ:,(ﬁ@() el ectrical conductors, such as W r egTars2¢ihosusd
board traces, in pomer routing device 210. In certain enbodi nents,
connecti ons throu ottom ane i n,accordance

M A R I e N
socket qRd@ated Egbld.t board (such as edge connector socket 144 30 of

not herboard 110 shown in nd 2), contacts 214 _on ottom

212 may BRI e WikIF- rator ke @ﬁpi&f@%ﬁnbh@e yi§ds s far spe ‘6‘81{15? Svifund
[ 0053] | m,3Q45R (‘i‘f@@&ﬂ ”Eﬂﬁlﬁd Iﬁ%@g@éd reQ:Lﬁtf'oP%pQ?YMpﬁldeLﬁqueﬁﬁ u QU butput
fromone formto anof Rer IS a’'schematic diagramil| ustratl n?
one énbditicsrefie powvernrosing devitrmmanghavsyewecludgundrg ghasdesnedaetfane given voltage

provi de

o 20117185 £bBEittesd: et SRR R OB R REXSHYY, g 2Rg mey
ext er nalmctlmdeamuh@%frlsz ot lisey; viertind4. 5.5dinee rmifgle i grainddéess,neit.heAbaasttier
assenbly 236 an n Vi C L .rqutj device 238
may couttranns BR Rl i et BB it arens B Yo kBt SFout i ng

devi ce Z86601ey MmesdRhe/ @mbéﬂlﬂltentgllgutf)ﬁtoﬁbﬁoﬂ\@bw%ﬂE@Jthﬁ%@;céIlﬂa)E Rénform to an
enbodi nent shown in FIG 5, input 240 jncludes + 12 vaolts 0 volts,

and 1r oundpstry gtapdd.ailh owkn%ﬁmsthc peliaeres prsliupstipns enfern toam A standard.
receivey E%H&ussbtgé]aélﬁbocﬂﬁmgﬁg 5}];1%81!1 tﬂ@ﬁoﬁlraoﬁﬂv%%ﬁtn%u&b%&é a2 cdfform to other

anot her device. Input 240 ma ecel ved 1 n power conversion nodul e
244, Pomndm‘dn\smlsascﬁntlwdehyblé’mSupldﬁ§pmﬁnatlm0@vEPS12\éncU0r condi tion

i nput 2 out put.s 4 . ti

over| oad B cchfBies % i, SRriL HRREHERK o bR E a3 A BRough e
i ncl ude,polver itexcasipdse, Irooetaiy embodamehts Calippwhr eakieg slevice fmjasrascel{fd)ﬁ&ﬁc}rl that
sorre enbodj nents, a power routin e vi de managenent
for PowsPnopHs ey fﬂdgﬁf@hs?‘i‘fg“‘teq\‘} XLF'%r a@ﬁ‘?’r&g’ %\ﬂ% Had‘if'f ihgre or more
devi ce %38t Bt th1a BinfputePsysied. udes power managenment nodul e 248.

Power managenent nodul e 248 may be included on a printed circuit

board ofl0 r e sgbadncats. 29nmpb R eI HpRly BRI JeYFCE MuBplpagmputer
15noni t e :
i e e e T R

noni t or |Snlg:nﬁan1ncdlagrﬁm Westratio g or @mtmdlamganuitlplcmewebbm redgbte poyver from a
e N e U T
power nex8adedtedds servers 282 and power supply 284. Servers 282 and power supply 284 may be
mounted in rack system 286. Power routing devices 114 are provided in expansion slots 142 in
each of servers 282, Cable assembly 118 couples power supply 284 with power routing devices
114 in each of servers 282. Power routing devices 114 may route power to motherboard
25  assemblies 110 in servers 282.
[0063] In some embodiments, servers in a data center share power from multiple power
supplies. FIG. 7 is a block diagram illustrating one embodiment of rack system in a data center
having servers that share power from multiple power supplies. Data center 300 includes rack
systems 302. Rack system 302 includes power supplies 304 and servers 306. Power supplies
30 304 supply power to scrvers 306 over power bus 308,  Each of servers 306 includes power
routing device 114. Power routing device 114 may route power into a chassis of server 306 at
expansion slot 142 in server 306, and to one or more circuit board assemblies in server 306.

[0064] Data center 300 includes power distribution system 314. Power distribution systcm

314 may distribute power to power supplies 304 in rack systems 302. Power distribution system

10



nodul e 254 may perform power control and nonitoring functions in
instead of, or in addition to, 20 power nmanagenent nodul e 248 on

power routwpdeda¥diee 238. Mot herboard power managenent pradishe1434s9ray
be coupled to power routing device 238 through PCl bus 252, or

t hr ough ot he nection..[ 00571 n so enbodi. ment a_power ... . .
Fout g BRSSP AT T o ol B B FETRoakt Inf B gstibution
get wor k ngnﬁ szzl‘. a%&me efibbdiment, frafddrat B l@gtmﬁhi;la@fmlt Butily pede rrhf Otillithy fged may
evi ce i ncl.udes server nonitoring . and control . For exanple, wer
rout i ng WevneduD 3gltegeaiapA.- | 13 qertein enbodincstie ew&@%@&f i %ﬁgg@mfﬁgwt 13.5

cont r ol lig6vARQr 18358BOA Gt THAGALEEBE aog0 9L er 250 may include a
m cr opr ocessor. Baseboard managenent controller 250 may nonitor

vari dus [Pafdt i dnwonerembediresnt, X34 stage traapfornar 38 fistas dewn volteges dtoonthg three-
”a”age”%gﬁsecu?fﬂﬁ Al & 1n?§§fae&1§fe§rc)¥z§}§§tqgf§frg%{laqg‘ggf?-%s-f?ﬁesvdéﬂ{g%se@élﬁ{)ut21%6 V. In

Baseboard managenent contro respon ures i'n
30 ser vabmz3hbollarnpofist stigd abmtbrinan8t mag bo imglcponted ag asdriecn @f tew brmore

may interact wt ower-rel ated functions on the power raquti devi c
Coch adrdhamert b SEE BT (P b Mt 81 bR G PHIE  Teh i &y Sep
i ndependgih a0t @Mase 4003 U@EvEINE hivEREcOBrRER 5 RAVRYts AU O RUoVRY. GEsecond
[0058] I n the enbodi nent shown in FIG 5, baseboard nmanagenent

cont!Pol Itepsfomeer camhitilensen dovniram: inerigdie droagss @il krtwds § iilovpils and) 10
bus 252..;18vHa%6 RRaifiienag &%@Ebou\’@(?@cﬂl%./ 156100PCT/ US2011/ 037158 may
y

be connect e@ to acircult goard assenbly in other manners, however,
such as [0#66dughSczontt diaga trensferalst 8.8 [nEy5Bgnsfor| tireephageomterediaia kowgf from

el Y e SRS 16 o R LB AR, Rl 288 e AR BEL B v
| nput an aditepodinb vohgg: aff aldupe¥ee volrsoatidi a1 ghaevs-centrthyoltdpovafwboyt 277 volts.
i ncl ude re thap one |line for a.given voltage |level or_. functiqn. Eor
exartdl o, SHETEL S TR Ph A4 PSR P Enal™ SoOEStogOs drorSrE 3 343 Ry
i ncl ude iybhiPnQ dele corfflguration @8d sedbidatPlvRiding® inba Wid@mfigitliba.pl e
ground lines, etc. As anqgther exanple, input 240 nmay include multiple

+ 12 vol[P0§7] nesThenyeltagey desgribes| herpin fagy, b‘ét“tit.hir[ WG@l Manufgering tolerances for
enbodi t 0t i v t o a0l

ndust 1y yani O po 8 URCRENG AR, URY 8 ) AERAL I Bt
conf or mitapsfarmaATXnéinaredafighration apdmaserslothenc embedineeinplase-{rcudiat peltages

from,a pewer routing device conform t St ards, such as
Ent Py LOVT susihgbe B Ea Y 1R S Bl Th VB85 1) A nor oo
above, i[0068%rt allie @nfaogowenfrem teanploweer F18Us tragsrdeed cie omayr p@sssets of phase

f, QL? Iugg I{ilgg ?%@,%2&;@;2{92?%&@“&6%%5&%5 rc]mg glb Slg}e%%r\'&e? ’dista}ibggg\llle 1rmits 322.
In one embodiment, each of phase lines 320A, 320B, and 320C may carry up to about 42 amps.
In an embodiment, the total output for each power distribution unit 322 may be about 20 kVA.
25  Second stage transformer 318 also includes ground line 320G. Computer system components
may also be grounded to the floor structure of the computer room (either by conductors or
through the structure of the rack in which they are enclosed). In certain embodiments, ground

line 320G is omitted.
[0069] Power distribution units 322 are coupled to power supplies 304 in rack system 302.
30  Various of servers 306 in a system may operate on different phascs of power distribution system
314. For example, in the embodiment shown in FIG. 7, power supplies 1 and 4 are coupled on
line 324A, power supplies 2 and 5 are coupled on line 324B, and power supplies 3 and 6 are
coupled on line 324C. Each of lincs 324A, 324B, and 324C may correspond with onc of the

three-phase output lines 320A, 320B, and 320C from second stage transformer 318, in each case,
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15conforms to an industry standard, such as ATX, and route the
standard power to one or nore circuit boards in a conputer system

[0062] I n spomeAnbads ments, a conmon power supply provi des/yeveo3iss
mul tiple conputer systens in a data center through power routing

P Loty et Vi SR e R T, eb iy o8 08 e BE R iEn 18N 3 vers 305 are

a 20 corfemﬁseﬁ&m siglplines tfo clar@y. [Fower buoBls gl e disotiftibn liaxprneherns 306
sl ots of th% servers Syst em 280 |§%%udes servers 28 aanPomer X
suppl y 2B, heweNesaclygoany ppmhes,e Biogss S8 £xpaplepgichdhah theginey fordifferent
system 286qes BPWerrﬁ%H{ &e@&ldjﬁ%sQﬁﬁsféﬁﬂer%ﬁg ﬂ%ﬁ%‘l&té’&ﬂoﬂa%m@éxﬂﬁﬁb’?' on slots
142 in each of servers bl e assenb 8 coupl es power supply
284 i t HOgWher Incamesgbadiviessspomes sinplies: fm cmﬁrgwdéo XQoIve PoRiRirat variable
routing o] I

- ser odig i5Fectofy Y s GutimoRC BB ol 0 R e ARRA AL S L psbou
share paierv. flnmmulembpﬂmqmw&anmmmm fos a pléiw@r digtribstian k;lstmkar@sa@mamsuch

illustrati ng one enbodi nent. rack sten1 a data center havin
R g L I RO e NS M Y e
300 i nclspeescation forss baud r spptiks. sysh@aﬂmﬂmemc& UeTorp@MeEnsforms threc-
supplies 304 and servers Power _supplies 30 304 supply power to

ser Vér s THOB WVEE N9REfO Hﬁ%c 3@80 oeaempgomovgféra\t/ér@a%-‘ofe—qcmqlme@ﬂﬁgm@}tagc on
I:(f)l:ltslspg eg?‘y legof %tllﬁast Eﬁ’c\ﬁﬁr%@ QHikd ng‘hgg?( &Edlétﬁﬁnﬁﬁ%nft%lﬁlﬁepeﬁﬁénﬂ e from

rver at expansion ot 142 in server o, to one
or nore th¢ trwfqrnbo@rthe aswenwppléss fpnths@pmeutee&}@ten‘[so064p®amh0¢1@nntethesm®e—

ol Ude S RaYetr AL RLELBYLL 9SS BIALdoBOUBLLE STVt Lon system 314

may di st r su nrack systens 302. Power
d| stribyoddn sykitsenk ewmoam:ﬁfs;ﬁ@w&wfewsaow £28aht pBwa& 1A cithaxl afithes or more
|rst st econd st age transfor

e transfo 18,..an ower
il S5 RS AP OUBE Sroh RBREnHEA HaRY POYPANER U her e e 0Be BB FFhate
to a utigoky slpEes 30ENRap bk lableto fa@6datldBYacBépt Anpiie gowen A @77 agRs beadaosl vlts.
certain enbodiments, the utility feed is at a volta%e of about 13.5

ki | ovol tFéGo?Allﬂu%raFé'ﬁloﬁi-’/@Pﬂ’@dl&ten off M pltrERy PR erHTRULHD Spptemehyran proyide

one enb o&er qﬁlltpléa 30 af @SR rr%eve?» 4R BLERS syHRAN3 MO nEﬁH@sstreH%%er
the thr e e ut i feed to internedi ate power at internedi ate

line-to 342r¢ed p@\wra;@%sbmlfonab&u34448mravsfomer§62rﬁlaﬁmmememrsfromlarlérdlty feed or
St A08 | IS o TR BL RO B RSB S8 LhaPlo SUPYBL DR Brmcr

transf ormer & step e voltage |ncrene
one tr ariHEQTeﬁmibedimbvatwﬁrh etatne 0 FERD. Mb@gaemtrﬁﬂpmkerlfmm h’amqfdnmea 342 at
vol tage 2%§tvo tse 1% tr5ané(rini|ttg<¥ giatosne %p %og'eoseit(sl clf%\ﬁgsletlﬁlbs f&é\?%%@, and neutral line 346N to
one or more power distribution units 344. Transformer 342 also includes ground line 346G.
Power from line 346A may be transmitted from power distribution units 344 to power supplies 1,
25 3, and 5 over lines 348A. Power from line 346B may be transmitted from power distribution
units 344 to power supplies 2, 4, and 6 over lines 348B.
[0072] In another embodiment, a power distribution system may include a transformer that
transforms power to a power output of 480/360-208 volts, three-phase power.  The power
distribution unit may supply 208 volt power to power supplies 304 in data center 300.
30 [0073] In the data embodiment shown in FIG. 7, rack system 300 includes six power supplics
304 and sixteen servers 302. A rack system may, in various other embodiments, include any
number of power supplies and servers.

[0074] FIG. 8 illustratcs one embodiment of a mcthod of delivering power to clectrical

components in a computer system that includes routing power through a window in a chassis
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10 transfornmer may further step down fromline-to-line voltages of
between 5 kilovolts and 10 kilovolts to line-to-1line voltages at

about 480 welbf/15§10066] Second st age transforner 318 nmawdim@efiHs1ks
t hr ee- phase |nterned|ate pover fromfirst stage transforner 316 to

operatin ower, ear'. .p The oper

P hect o PrReoatne Syt cweiilvohay Sihinder R Heddd B MR EriRid Sp@hachs.
vol t a?e Iﬁfsoﬁle:lrﬂboai?r?en‘tr(:gtHeSser\i% m-EJy&ﬁ:Sefn]E)cﬁffﬁﬁfe-s'&&B ‘;Bi’ﬁyr Fer axa\tw}fﬂ!e the (qjerver may
t ransf or mer 0] 0] fransformer 318 has pri W

in a delheye ééH‘Pﬂﬁaf %f?ﬂm%s dn%%f r Y ISSHETIRY pemgy fn & btdndlré ot the-
conflgugﬁgygﬁmmg0067]The vol tages described herein may be within

typi cal manufacturing tol erances for transforners in power

di st 5i bUfPER apfﬂ B%?atalmrw@r mngrﬂg’r\fl%lsaw@l@demat lspstone exrgnsipe slohin a server.
transf Oer%r gsi %’&‘ dof e T %éhf%rg stahHTrB“?n%HP%ﬂ@H&H}em the
phase-t o- neu es e opera
W thin aexpamgm slxﬁt Iab(auﬁorm]factdIOfoval RGL slcﬁtO(Iﬁ&]eﬂfhm ecnﬁbpxmtenpso\mtallingom power
transforner 3 ' nsmtted one '

Shon | BRI pt e o P BB e B Pl B fisudare Sandard

di stri byjoiw@p seiit Sondeolor dnMa RBGeHTRRAIMEBO terv@adh séthe BMBSEMELBAEe S:t0& may
320B, and 320C may carry up to about 42 anps. In an _enbodi nent, the

t ot al0 olrcHorkbe-sbelbseryss et awgmdbfewaﬁn%m povey suppky Infhe ehastis ofthe server,
KVA. 25 gecand, Mrﬁqn%wter m@wnm&ﬁ&%&bm&& YALRr I bR baesird lp'o%r P8 may
Comput er system conponent's ‘may al so grounded to the f

st r uct urbe refovérefromrthe saver done (ted sdesr lb}olacghdm@pmrstmr(smm @wqﬁartdh@i, on-
structur f e enclosed). In certain

enbodi rrebﬁj %p g?%tsjr@,f ant l%bﬁghlté%g)r(ﬁ ed. [ 0069] Power distribution
units 32[30’Bﬂ1e cAuﬁBeobdvcerpmweppltedppltheSerBéMth'rcmghahk psyrslt antid 2evidd in the
Variqus of serv rSe 06 in ysten1na§ ﬁeﬁaé on di ﬁren hases . of .
powe‘ di FPISINSTURT B SERRT- 3HhE PORGT May BeptRplie "”i Hama <& gy umit
in FlG tfat iPexeiablonBt k@Serl 1andridindndodiaiéntsCthe Powkt AppB2Méy pREWRIpower to
supplies 2 and 5 are coupled on |ine 324B, and power supplies 3 and 6
are coupMedt GiPre pereers purdatEgatierof In qnsesbadiment, poWer SupRiEs Joetyerhgyver from a
corr eng{b%eW&lJ?nlﬂﬂr%nOJ stePe sidir REARRABK %Hv@%la'ﬂkré‘@é P?IQQAU AA0B . and 336,
320C from second stagé transtormer 318, in each case,

2011/ 156000PUTY ¢S20DL4 B8 PtEGMrdiuswd thd sehveneut ral  320N. | n FIG 7,

po bus 308 and the distribution lines to sewers 306 are

represented as single lines for clarity. Power bus 308 and the

di stri bufioen |Claes 1t 0 sgiower soulaH devse, cdﬁnpmmg* i ncl ude any nunber of
conductors, for exanple, such that .the lines gflfferent phases okt

power from second st ag8is MTAAYF SIWBHNGASEONIgred QANGUPEIR a8 fapansion §

anot her .of% cf@6iY Bdard Rss&MbPE; idbodi ments, power supplies 304 are
configured to receive power at varlable i nput voltages. In one

embodi mMENROWehERMENS pEIiEn cerfimied te sonte eledrieal PAYYER rays PRGQEBOTE FOVEr WHEGE
217 38 | kil Pl cngﬂ?%aF@%Eénbl% [ RASE Qe B spdiffits Sn Ry bt hRBHHRN
system are sel ected such that operating pom%r o variabl e server
power supplies is near the maxi mum i nput voltage specification for
the serv uppl e e t o

tr anof orfLT R gt 216 pnEE e R RDe TR Bk s b AT e g g s
power auw&nﬂhﬁﬁemﬂnﬁRﬁuwmahmﬂﬂangﬂmﬂg)Mmmmmge on each l eg of at | east
about 260 volts. The power distribution unit supplies operating power
fromthe transforner to the power supplies for the conputer systens.
In ojpe qubpyi Whke 3t heTh@f)&@ch?&ﬂﬁ% dRPiRE Bf ¢1dc POWR el Afe Bpansion slot is a

phase-to-neutral volta about 277 volts.
Peripheral Component nterconnect (PCI) expansion slot.

[0080] Clausc 4. The power routing device of clause 3, wherein the power routing device

has a form factor within a standard for a PCI expansion card.
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[0071] I n sone enbodi nents, power supplies 304 can accept power at
either of two or nore 15different input voltages and/ or phases, and
supply poweo 20uUiBstho t 0 servers 306. For exanpl e, power pguapheiess364
may be able to alternately accept input power at 277 volts or at 208
volts. FIG 7A illustrates one enbodi nent of an alternate power

di stribution systemthat can provide power to power supplies 304 at
208 vol t[eosiP@Maise §i st r Thepdwun reiting @Bvidlor dlase Udelseréin atisdso siedf tBlRoanihg
power distribution units 344, Transforner 342 nmay receive power from
a utili tAPTHIBEAOHPrisssan pdamcaniaael QoRAPE L INBFHRITSOEkSE far e ppasian slot on
transfoqg;&m§ﬁ%oggmkkﬁmépo first stage transfornmer 316 descri bed

above with relative to FIG 7. Two-phase out put power from

transfornmer 342 at 208 volts is transnitted via one or nore sets of
phase i 346B; | 3.ds0 t :
G ot 1 pUlPE] Ele 6734, ThERARIEE kOB HARE AR o Pln B o R Bbuning
346G Pguwetiont iscoontigured 84@Aplety a bieassis sirsioint doerdspfonding prothve exphinsidm slblit i on

units 3 ower supplies 1, 25 3. and.5 oyer, li.nes 348A. Power . .
rom 1 i A0SSIGRRREY. ba P be e ro die APyns BB drborhB I i ey Bopon i
t 0 powercosf@iRbd ®Sradsm poRBAdhBugl & Ehdski @end348Brref2Adid}l tothasgiaision slot to
enbodi nent,  a power distributionagﬁstenlnay i nclude a transformner

t hat1% r Shectriseheomnanes ethy cEeNibboasttssemblys ~ 480/ 360- 208 vol t s,

t hr ee- phase power. The power distribution unit may supply 208 volt
power to power supplies 304 in data center 300. 30 [0073] In the data
enbodi mdf#843 Kdawse Bn FI The fowar aeiting WeviesroBdise hcvhades the pewsbigating portion
suppl i es. 304 i n r i : el j ous
other BB ot PR YSRGS aP AL SR skl KB4 0
[0074]FIG 8 illustrates one enbodi nent of a nethod of delivering

power_ t ctrical copponents in (oX0) er systemthat includes .

P outiong IBBECIEF Gugh  ANPRERS PH e 2o BHARETGse ohero the Bower Foutit Borton
2011/ 156:50R6ek aUR3Q bhé Babid & figtict @S QP With the cRELiEHoRATS IS bt to tAhsmit
380, a server is provided for use_in conputing operations. In sone

embodi neERIET torghestracal casppoRaRts pa thecirgit beardeserBPlY- server. For exanpl e,
the server may have a standard, off-the-shelf notherboard. The server
may be nounted in a standard, off-theshelf chassis. 5[0075] At 382, a
power rd0836hd laisvilee i She povaalrowisgidavias of @ause 1 owkerein hamonvenrosfing perHoR is
server. The ex S| I i C e i

St arfar ¢O RTS8 BB el 785 Bl B ARG <P G e Akt AP it o,
a PCl slsetondlvoitager t ai n enbodi nents, installing the power routing

devi ce includes coupling an output cable fromthe power routing

device to a standard power socket connector on a notherboard of the

server. [hosA@RuseTPodi MedpSwertbRingleViet of@¥usd 0, Wieréin tief fowehusihgbébrtion is
server that accommpdates a standard powcr_ su in the chassis of

! ppl y
the servepiigwedie @avethinpabropssrougivs peyer that cerfpiras 1§ 2EleBD ANSANYLY a
st angar dy, Qfigboard power supply may be removed fromthe server before
the server 1s placed into operation (since the standard, onboard
power supply is not intended to be used). [0076] At 384, power is
supplie e sexnver .t hrou t [0} i i [ s
expansi gﬂb%] tcgﬁauoSF ??he Fsr}éef l}%‘?gqﬂ‘ﬁggﬁg‘d}e\é&%‘g@%éﬂgﬁ%ﬁi“s‘éece}’," Biorﬁgg%\é%lwéa,]s
from a powBgursdoytroltrimdnktad atil@sweodeduntgibn bbeltdides powvartranbmitiee tHraigh the
enbodi nents, the Qower supply may provide power to two or nore
servers ROWCRTUHPZ IR er . I n one enbodi nent, power supplies receive
poweyy from a power distribution system such as descri bed above

relative to FIGS. 7 and 7A. At 386, conputing operations are
per f or 808K iGlapseRé. sedhepower routing device of clause 1, wherein the circuit board assembly

is configured to control or monitor power transmitted through the power routing device.
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20 [0077] O ause 1. A power routing device, conprising:
one or nore nounting portions configured to nmount in an expansion

sl ot of a woreuhssibpard assenbly; and a power r outpcT@spmnHi7ass
configured to route electrical power fromone or nore power sources

25ext er t he |rc t _board. a e n
the ci rgglll’gto g:c!)auls%l 1thsselrl ]ilowe[r&wlé‘?%%fqpués/fectlafseerk%ﬁﬁér%% ‘tq%)&pe dél%(}r%e
of cl auseuting dshiee emmttﬁed@espah&emm Rhotbont sf tha ratiag dekdcecercwit m’rmdalteq is

| east one out put andar 3 079] d ause, 3. The power
routing CGBR}F‘E {3? clgquf o é 1‘“"” i»‘F@F‘H‘g fac H%‘]r‘:&’ﬁ CQ'FP@? dipa Céfnné%mr socket
Per i pherglim{arRanes skehlyeonnect (PCl) expansion slot. [0080] O ause
4. The power routing device of clause 3, wherein the power routing

devi é¢ has a formfactor within a standard for a PCl expansion card.

VO 2011@?@3&@&@19520%% Pltdel 26 tin0 AL F AURE 1 %uthE BABELing RithEN

devi ce ause wher el n at st one e nounti hg portions
conpr i sesmarisieglge: aondrie gmrtmg dbﬂc&:mquitenodulea cleomingtt @uplsd tkibt ci’rgn't toawd
expansi on_ sl board use The
pover 1 GOETTHD: ABOTbe 4oL R G PR e SR E B EmaH TG cOnFELed o
mount i Nghefort hidBgt bife ffttfongidt Rthtddao eRUPIcel foved chassis w ndow
corresponding to the expansion slot. [0083] C ause 7. The power

rouﬂpng device of clause 1, wherein the power routing portion is
[0092] Clause 16. A computer system, comprising:

a circuit board assembly comprising one or more expansion slots; and
a power routing device coupled in at least one of the expansion slots of the
circuit board assembly, wherein the power routing device is configured to route electrical power
15  from one or more power sources external to the circuit board assembly to electrical components

on the circuit board assembly.

[0093] Clause 17.  The computer system of clause 16, wherein the at least one expansion slot
is a PCI expansion slot.

20
[0094] Clause 18.  The computer system of clause 16, further comprising a chassis, wherein
the circuit board assembly is mounted in the chassis, and wherein the power routing device is
configured to route electrical power through a window in the chassis corresponding to the at least
one expansion slot.

25
[0095] Clause 19.  The computer system of clause 18, wherein the window comprising an
opening for a backplate of a standard PCI card corresponding to at least one expansion slot on the

circuit board assembly.

30  [0096] Clausc 20.  The computer system of clause 16, wherein the power routing device is
configured to transmit power that conforms to at least one industry standard.
[0097] Clause 21. The computer system of clause 16, wherein the circuit board assembly

compriscs a standard power connector portion, and wherein the power routing device is
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configured to transmt power through a chassis w ndow correspondi ng
to the expansion slot to 10el ectrical conmponents on the circuit board

assenbl y. w8Q84hséh@use 8. The power routing device of @lcauseo1los7iss
wherein the power routing portion conprises a connector portion

configured.to coupl e w. at, |l east one input power cable. 15[008

& ause sonfitpt Rupufls Hit o e RtrooR? Soiniae? b RRr R e ghuier o
routingemﬁﬁkﬁnﬁmqgﬁaﬁgsﬁﬁw@bmraaﬁgm@ﬁe cabl e configured to couple
with the circuit board assenbly and to transmt power to el ectrical
conponents on the circuit board assenbly. [0086] C ause 10. The power

routing [geug) CC19sc ebauaSydemiRRisthet he power routing portion is
20configured to transform at |east one input to the power routing

portidon froma first velaeigeore eompyercysigmudindage. [ 0087] C ause
11.Th ti devi] i i
€ power routing dgyl q?()g'g 88&’&%3?1)11% %ﬁ%ﬁt‘\?\glrlé (?1% 08 Eﬁ’(%% %Jng%ﬁ\ts\%'ggstems,

portion is configure onver |n8ut 0

that conforns to at | eahtretrue ldastchius bf the 2ompandsysdms cQORBes .Cl ause
12. The power.routing device of clause 1, wherein the power routing
devi ce 1% Htigured to control or monitor at |east one function of

el ectrical power transgtirdigichobif RSEHDbLY BB onk @ frloPlexp@Michtslotd And
[0089] O ause 13. The power routing device of clause 1, wherein the

cirdlit board assenbl yOROTERNE PRUPTEAUING deBiSes UL hiddFastone s sy cxpansion

transm tg g OHGRed 6o RQWRE AU IwAD IR \d: Rt ly external to th
50117 1561 BoBetFifSRsd RoaBS IR ARSI Rl opiifbwer supply externl o the
devi ce cbmphitgussten tofone bhmprecaieriridat camgpoperss on thewireuit board assembly.

[0099] Clause 23.  The system of clause 22, wherein the at least one of the expansion slots in

15  which a power routing device is coupled is a PCI expansion slot.

[0100] Clause 24.  The system of clause 22, further comprising a rack, wherein at least one of

the computer systems and at least one of the power supplies is mounted in the rack.

20  [0101] Clause 25.  The system of clause 22, wherein the one or more computer systems
comprises two or more computer systems, wherein at least one of the power supplies external to

the computer systems supplies power to two or more of the computer systems.

[0102] Clause 26.  The system of clause 22, wherein at least one of the power supplies
25  external to the computer systems is configured to provide power to at least two computer

systems.
[0103] Clause 27.  The system of clause 22, wherein at least one of the power supplies is
configurable to receive input power at two or more different input voltages and supply output

30  power to at least one of the computer systems.

[0104] Clause 28.  The system of clause 27, wherein at least one of the power supplies 1s

configurable to receive input power at an input voltages of at least about 260 volts.
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routing device circuit nodul es, wherein at |east one of the routing
device circuit nmodules is coupled to the circuit board assenbly
t hrough anyvedganseaomect or coupled in a connector socketecamdig/os7iss
circuit board assenbly. 5 [0091] Cl ause 15.The power routing device
of clau rc [ r
Fout i ng 0L Gl 250, ¢ PHBGRULSE st PP RIP s b 870 B Bolcy ¢
board as:semhheytwomhem@e powadr th;a&& wieecioft lkise onnef the cdmmeerrqwdsmmg configured
device circujt nodules js conflfgﬁred to qrform at | east one function
not rel 4P EFCHVE PAY ‘W&%@%B%? t iBO‘[’?}’(ﬁg{] 1%®l ause 16. A conput er
system conprising: a circuit board assenbly conprising one or nore
expansi on slots; and a power routing device coupled in at |east one
of tHRe dQHkﬁ}.sﬁl@ﬁeéDotsAdﬁethrbeOfdpwmﬁno“@w@m@@ww Seipge COMATIHRGS
power routing device i r m
one or nore power sourgbggﬁggé‘g%ggﬁg %l%ax{ﬂ%h%g?%ﬁ?l%{s lg?r%@assen‘ijé%p
el ect ri gahtingoitpen eoulﬁecbin at leastone c:qjansimodo’dn dwsservist, whe{eﬁl()%]op@h@se
17. The conput er t¥1§ Bg ) cl ause. grel n the at | east one
expansi on"§IFGPYS '8 &ﬁase%lﬁgﬁ%an(%’r?ng‘o&tan [0094] O ause 18. The conputer
system of clause 16, ftoutihgpowarim giengleastohapsia romigrdevide tdee or more
CII’C |tcﬁ?ﬁcard assenblg is nmounted. in the chassi s, %nd wherein the

i3l REIROBENT o RRATITERIF SHCHPqapl Asscrahlics pF e fvPFower  t hr ough
a Wi ndow in the chassis corresponding to the at |east one expansion
slot. [00951 Cl ause 19. The conputer system of clause 18, wherein the
wi ndow d8HH iGausg3an opbnimagod of clauss@ekyheieia thsfat feagironp dapanSIPTH ot irthe
corresp ne expansion slot on the circuit board
assenbl %&%gﬁggg:é]%&@ngﬁgfgm 0. The conputcr system of clause 16,
wherein the power routing device is confi gured to transmt power that

compdr e L RMER7C1 adBemtod o rBien0r Hesrenroing PBusy (R ey one
power routing device to one or more electrical components on the one or more circuit board
assemblies comprises coupling at least one cable for the power routing device to at least one
circuit board connector portion on at least one of the circuit board assemblies in the server.
[0109] Although the embodiments above have been described in considerable detail, numerous
20  variations and modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be interpreted to embrace

all such variations and modifications.
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conprises a standard power connector portion, and wherein the power
routing device is WD 2011/ 156100PCT/ US2011/ 037158 configured to
couple with the standard power connector power portion to supply
power to electrical conponents on the conputer system [0098] C ause
22. A system conprising: 5one or nore conputer systens; and one or
nore power supplies external to the one or nore conputer systens,

wher ei 1admd: €ast one of the conputer systens conprises: a chassis; a
circuif board assenbly conprising one or nore expansion slots; and
10one or nore power routing devices coupled in at | east one of the
expansilor}Sk s(lw%r%&ﬂld q%%:ggi ur lelq to route electrical power from at

| east ohe power suﬁp y €x erhali®to the conputer systemto one or nore
el ectrical cofponenbs aduhie Wﬁbfti@)ﬁi tcobipiad dnass eRifnyion[ 1098F aClmadt&eboard
23. The system of cl ause 22, erein the at | east one of the expansion
slots in 15whi ch #sgBWerandouti ng device is coupled is a PCl expansion
slot. [0100] o e f IS

ack, vherol b Per the Ay RR Th the St or cinthd AR EOIRL oREAGl on
of the power suppiheesne sr mntatmchnting t fretisrac kvhe HOpdwal ansing 2orildhie is
system of clause 22, wherein the one or nore conputer systens
conprises two or FAMEUEEAPIPHE clegRicalROWSIHEIR (OHS BT MO BPWEHOUEeSs pHemal

power supplies ex{eppalhRrdif Q%B"dldﬁlio SVt RAB cOHPMHhESoP M notiRrtiodR
or nore of the conputer systenms. [0102] C ause 26.The system of

cl ause 22, wher ei msabblyeast one of the power supplies 25external to
the conputer systens is configured to provide power to at |east two
conput er

2. The power routing device of claim 1, wherein the expansion slot is in accordance with at

least one input/output (I/O) standard.

3. The power routing device of claim 1, wherein the expansion slot is a Peripheral Component

Interconnect (PCT) expansion slot.

4. The power routing device of claim 3, wherein the power routing device has a form factor

within a standard for a PCI expansion card.

5. The power routing device of claim 1, wherein at least one of the mounting portions
comprises an edge configured to couple in a connector socket for the expansion slot on the

motherboard assembly.

6. The power routing device of claim 1, wherein at least one of the mounting portions is

configured to couple in a chassis window corresponding to the expansion slot.
7. The power routing device of claim 1, wherein the power routing portion is configured to

transmit power through a chassis window corresponding to the expansion slot to electrical

components on the motherboard assembly.
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systens. [0103] Cl ause 27. The system of clause 22, wherein at | east
one of the power supplies is configurable to receive input power
at two or nore different input voltages and supply output 30power to
at | east one of the conputer systens. [0104] C ause 28. The system of
cl ause 27, wherein at | east one of the power supplies is configurable
to receive input power at an input voltages of at |east about 260
volts. WD 2011/ 156100PCT/ US2011/ 037158 [0105] C ause 29. The system
of clause 22, wherein the one or nore power supplies conprise two or
nmor € powefrhé %Wef 28utindh @& o R lclakR aﬁt wﬁé}elnoihetﬂlﬁve‘? qgﬁt'ﬂgeﬁorﬁ}éﬁ tc@ﬁﬁﬁnbe% a
configured to receive power fromat | east two of the power supplies.

5[ 0106] c@ingatoep@Ooncondigned totormewithgt lsesiene inputprpoeetles in a

server, conprising: routi ng power through an
opening in a chassis to at | east one power routing device coupled in
at | easp gpe p%’é.r@ﬁ”&hﬁx% §&vide b claif BekN&Ein W@%‘Jo@v'ef‘ rélﬂﬁg%%rﬁg)mpnses at
corresponds to the at |east one expansi on sl ot

rout i ngleastwene fcabim @dﬂﬂégaltedl @as@umgﬂﬁbmrleasbmc F@DU@WI‘C eeqeptaglNe oor the

nore 10el trlc onents on_one_or ui t_boar semyl i.es
oF the_ Gisnyuiostf s BHPRAEcE o o B eseal drteeRgES Sp s Beliied
at Ieasbggﬂghexpan5|on slot in the server is a PC expanS|on slot

15[ 0108] C ause 32. The nethod of clause 30, wherein routing power
fromthe at | east one power routing device to one or nore electrical

h b bl i
coupl 1 ng0 o el et FFhbnt WeteR B BT g cauth REOPE PR Tausy o
one ci rﬁumstfoﬂﬂpaf kaSIORME MpQf tdD et llf@vbrqaut@t h@msﬁ fRme aOfirst B6ltagk 6 Wi decond

board assenblies in the server. [0109] Although the enbodi nents above
have be¥flta®8scri bed in considerable detail, nunerous 20 variations
and nodifications wll becone apparent to those skilled in the art

once the above disclosure is fully appreciated. It is intended that
t he f ol Il ovihegpesderiromidpeddvideasipoldnet, whereinlthagewad tousti€ portias isadonfipsred to

and nodi ficati ons.
convert input power to output power that conforms to at least one industry standard.

12. The power routing device of claim 1, wherein the power routing device is configured to
control or monitor at least one function of electrical power transmitted through the power

routing device.

13. The power routing device of claim 1, wherein the motherboard assembly is configured to

contro] or monitor power transmitted through the power routing device.

14. The power routing device of claim 1, further comprising one or more routing device
circuit modules, wherein at least one of the routing device circuit modules is coupled to the
motherboard assembly through an edge connector coupled in a connector socket on the

motherboard assembly.

15. The power routing device of claim 1, further comprising further comprising one or

more routing device circuit modules electrically coupled to the motherboard assembly,
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Clainms: 1. A power routing device, conprising: one or nore nounting
portions coupled in an expansion slot of a notherboard assenbly; and
a power routing portion held in the expansion slot of the notherboard
assenbly on the one or nore nounting portions, wherein the power
routing portion is configured to route electrical power fromone or
nore power sources external to the notherboard assenbly to electrical

conponents on the notherboard assenbly. . 2. . The power routi.ng devic
of cl ai Rk st oinare DTS FnTOFOEOUHEE (4FVigE & Pefa masilfs if SapTiguEsi fo
one i NPYEAGHE RUkast bddhunsh @A Hated B clddifcdPYREr, TOUti ng devi ce of
claim1, wherein the expansion slot is a Peripheral Conponent

I nterconnect (PCl) expansion slot. 4. The power routing device of
clain13 p@erein_the ower routing device has a formfactor within a
st andarl forOPUSESYISILAQUPHRNNgar d. 5. The power routing device of
claim1l1, wherein at | east one of the nounting portions conprises an
edge configured to couple in a connector socket for the expansion

sl ot on the avteriveadt sasidy nrhprisingoneTheopoewpansiousiptagandevi ce of
claim1l1, wherein at | east one of the nmounting portions is configured
to couple in a chassis wi ndow corresponding to the expansion slot.

7. The power a pewkd Agtseddvae cBlipled @i dchst INBRF BicbxbiIRidRAWRS off tAY triofrboard
portion is configured to transmt power through a chassis w ndow
correspondi ng to #seneyp@heictnthg| rtwer goelingc deviceals wofigene e sown cldgwical
ot he_r boar d assen%vyer fron? OneT emgl%vﬁ%(veF oMt R %xt%gu\éi ﬁ)eth? Inoﬁ‘!e%og}dlassembly to
wherein the power routing portion conprises a connector portion
configured to cougk@rivdl tbmpénchgaatthodifuitbpad apewdly. cable. 9. The
power routing device of claim1l, wherein the power routing portion
conprises at |east one cable configured to couple with at | east one
connect b . e a : It

poner o el BerPrRar Souse e 16y WAL R B LshbARSIEy i b
power rexpansigneletsi ce of claim 1, wherein the power routing portion is
configured to transformat |east one input to the power routing
portion froma first voltage to a second voltage. 11. The power

routi ngjglem.cenHutes E?étéﬂl bof I8! RurtiBee hg' aolzﬁa'sﬁﬂ vl dih Qfle hidtherboard
configured to convert i nput power to output power that confornms to at
| east oassemblgusst mpousted noathe:. chadsds, afihehpewethe power nytidgdede: Bfcoafigirad to
1, wherein tEF g wer ro ti%g device Is con%i ured to ontrot or

moni t or "AEC PEgLical, Rever iUl Siindave &t the: shasEs fOFresPrRtagte 1Ry ot Hrdughe
the powetpah@uhklgg device. 13. The power routing device of claiml,
wherein the notherboard assenbly is configured to control or nonitor
power transmtted through the power routing device. 14. The power
routing device of claim11, further conprising one or nore routing

devi ce &9-rwi compefar systemhef alaimatl 8 edisiein ribe Bindomeconaisinggndweniag for a
circuit bggﬁg]{éltee%f I sﬁag%'zgh eIdClt %altdh801 #J(pn%rup O?t{ %t qgé‘:’sﬁ n(;?lley ! glrl 9 rsll 2bn the
edge connettor coupled In a connectof socket on e rotherboard
assenbl shothettmardidseengider routing device of claim 1, further
conprising further conprising one or nore routing device circuit
nodul es el ectrically coupled to the notherboard assenbly,

20. The computer system of claim 16, wherein the power routing device is configured to

transmit power that conforms to at least one industry standard.

21. The computer system of claim 16, wherein the motherboard assembly comprises a

standard power connector portion, and wherein the power routing device is configured to
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wherein at | east one of the one or nore routing device circuit
nodul es is configured to performat |east one finction not related to
el ectrical power. 16. A conputer system conprising: a notherboard
assenbly conprising one or nore expansion slots; and a power routing
device coupled in at | east one of the expansion slots of the

not her board assenbly, wherein the power routing device is configured
to route electrical po i fromone or nore power sources externah to
the mot REBEAT 285 SRBIY B9 ET P PPe PRBRBRERP sOoTFRPRe PEI P (f felcctrcal
board ass@pdets onliile cIRSUIGRBIMET System of claim 16, wherein the at

| east one expansion slot is a PCl expansion slot. 18. The conputer
system of claim 16, further conprising a chassis, wherein the
notheraaarq; ssegg%%.L§_nDunted in the chassis, and wherein the power
routi ng-d VIRE™ $°TEGH ﬁbured to route electrical power through a

w ndow i n t henehafisiesoppicesiendidad to the at | east one expansion
slot. 19. The conputer system of claim 18, wherein the w ndow

conpri si ng afMOYPEATAFOWeT SupPkgsERSTRAl £ 1BE OBe AtIAYTE SPIEPYIEY SYEIEMS,
correspondin . i I t he not herboard
assenbl y. Zghggrgﬁg%%%%%8?H%f@ﬁ@ﬁggbggF§f§%8§%$Wherein t he power
routing device isael@Réis,gured to transmt power that conforns to at

| east one industry standard. 21. The conputer system of claim 16,
wher ei n t he not he? Baicibepsd asspnylycomprising $ng o5 ki erngenslotse diithect or
portion, and wher gl J:ng, ROWGELOYhING HEREEE bl QT Rkt Bne of the
couple with the standard power connector power portion to supp?y

power to electrical copangnt sloehatdheondigogedtierrosy sdie@mical powéy Bymt /Rast
conprising: one or nore conputer systens; and one or nore power

suppl i es external to tPRe BAECoFUNRHF EXicEthiR dhe SyRPWRL SYSifTRrie] Peapr more

| east one of the compulieliSy SiGPtheaRMESH 'a%o&3%§§héi a not her board
i and one

assenbly conprising one or nore expansion slots; or nore
power routing devices coupled in at | east one of the expansion slots
and configured to route electrical power from at |east one power
suppl y @kt Brenarstemoott Haime ypuliessin dlyes stelmast onopbtherexposwnallae i whigh a power
conponent s. on _t.he. notgq{bo Cﬁ assenbly. 23. The system of claim 22,
wher of nr RS dpVir e sPuRlRLR 4P CLeBPERSRE on i ot's in which a pover
routing device is coupled is a PCl expansion slot.

24. The system of claim 22, further comprising a rack, wherein at least one of the computer

systems and at least one of the power supplies is mounted in the rack.

25. The system of claim 22, wherein the one or more computer systems comprises two or
more computer systems, wherein at least one of the power supplies external to the computer

systems supplies power to two or more of the computer systems.

26. The system of claim 22, wherein at least one of the power supplies external to the

computer systems is configured to provide power to at least two computer systems.

27. The system of claim 22, wherein at least one of the power supplies is configurable to
recelve input power at two or more different input voltages and supply output power to at least

one of the computer systems.
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24. The systemof claim 22, further conprising a rack, wherein at

| east one of the conmputer systens and at | east one of the power
supplies is nounted in the rack. 25. The system of claim 22, wherein
the one or nore computer systens conprises two or nore conputer
systens, wherein at | east one of the power supplies external to the
conput er systens supplies power to two or nore of the conputer
systens. 26. The system of claim 22, wherein at | east one of the
power supplies external to the conputer systems is configured to

provi de2poved syseendlof lcpAnto L %e@amw@arst NS be iR pov&? sugﬂ?essy%bﬁﬁg&éble to
claim 22, wherein at | east one of the power supplies 1's configurable
t 0 recelagelve frput pQoskeat arampumltegesmﬁweleant i 26ft valisput vol t ages and
supply out put power to at |east one of the conputer systens. 28.

The system of claim27, wherein at |east one of the power supplies is
confi gupabfi §)@teﬁ1951€bl‘d§n bPPWheBRAVRE oﬁé &%d@l@%ﬁ%&:ﬁ&%@h@h& 8Rfore
about 260 volts. . The systemof claim2 wherein the one or nore
power snpw:n Wthwhpw ttoash onenof ehqo@mut@wpﬁbmw conffigniesi o agceive power
one of ﬁ?nﬁﬂw' &érstens i S conflgured to receive power from at

| east th Fre"Bs eggwﬁﬁﬁwgge 30. A method of routing power to
conponents in a server, conprising: routing power through an opening
in a chassis to at |east one power routing device coupled in at |east
one expangi wathe of rawing pewsieioveempongnss inj asertes, copwnising: corr esponds to
the at | east one expansion slot; and routing power fromthe at |east
one power r olfViiAg PAWET Buoyeh amhepeiiminsk Ghassisdp al deashene povig keuting device
el ectrical conpong o] r erho of, t
cerver a1 The Sapfsaltof Sl alS ARl B, el R s nd Bening

expansi on sl ot i nc&i‘b@p@ﬁﬁ%ﬂhehﬁle@stﬂﬁﬂe)@mmél@mm&i ot. 32. The nethod
of claim 30, wherein routing power fromthe at |east one power
routing devi EWURGPEWE" Bpmfhf at léﬁ%@flﬁ PEYWFT tgHpD AESIngHe Fﬁéﬂné‘ﬁ% slgf to one

mor e not her boar d @Isaefg%lbaﬁcaoaap{ggﬁaﬁs 6R WAL | R n e magaioom%ss%hhss Jrdfe

t he power routing device to at st one circuit connect or
portion on at | eastveone of the notherboard assenblies in the server.

31. The method of claim 30, wherein the at least one expansion slot in the server is a PCI

expansion slot.

32. The method of claim 30, wherein routing power from the at least one power routing
device to one or more electrical components on the one or more motherboard assemblies
comprises coupling at least one cable for the power routing device to at least one circuit board

connector portion on at least one of the motherboard assemblies in the server,
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