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that receives power through a power routing device in an expansi on slot of
t he Coﬁigdlttlgn, Wbtp@mer supplies may be relatively inefficient components of the system. Among

20  other things, having a dedicated power supply for each individual server in a rack system is likely
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 expansion slot of the computer system.
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[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.c.,

2% &<

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 one embodiment, a power routing device includes one or more

mounting portions and one or more power routing portions. At least one of the mounting



and net hod using such a device, are disclosed. [0016] According to one
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card.
20  [0020] As used herein, “expansion card” means card that can be inserted into a circuit
board assembly of a computer system to add functions or enhance the capability of the computer
System.
[0021] As used herein, “expansion slot” means a slot or socket in a computer system that can
accept an expansion card.
25 [0022] As used herein, to “route” means to establish or provide a path for.
[0023] As used herein, “power routing” means routing one or more ¢lectrical conductors that
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 some embodiments, 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

couples to another element. A mounting portion may be integrally produced with other portions



conductors are carried in insulators and/or protective el enents, such as
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[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  channels 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
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30  accordance with an industry standard, such as ATX. In such embodiments, 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

server) without any modifications to the motherboard.
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components of computer systems 104. In some embodiments, a cooling air system for the rack
may pass air through computer systems 104. In one embodiment, air flows from the front to the
25  back of computer systems 104.
[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.



edge 156. Bottom edge 156 of power routing device 114 couples in edge
connector socket 144 30 on not herboard assenbly 110. Backplate 154 of power
routi ng owoiee/iséawonmay coupl e on card cage 146 of chassiPpeTAB301163EsENEr 155
may secure backplate 154 to chassis 108. Backplate 154 nmay align with
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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 one embodiment of a power routing device including a mounting edge with no electrical
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 edge connector socket for the expansion slot thus provides a mechanical connection to the

computer system, but does not provide an electrical connection. In FIG. 3, power routing device



The edge connector socket for the expansion slot thus provides a nechani cal
connection to the conputer system but does not provide an electrical
connect i oNO 2bn/1B61B0 3, power routing device WO 2011/ 156P00RSI¢HWS2034/ 037158
200 i ncl udes body 202, conductors 203, backplate 204, and bottom edge 206.
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conductors directly to a cable, such as cable 126 shown in FIG 1. For
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devi ce includes a cable that couples to a_receptacle on a circujt boar
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circuit board. FIG 47illustrates one enbodi nent 6f a power routing device
i ncl udiongata through ammpetgecmaltth asdoeputar spdtersont act s. 25 Power routing device

210 in s bpdy 202, hackpl ate 204, and hottam edge 212. Bottom edge 212
ol uadbIT5, 2By Yerbil et “omocu et b men Bl s oaely HO A ot
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210. In certain enbodi nents, connectlons.thrgggh bottom e 2 are in
accor dakeiec wayhhavesa dpigtaild drwngemetionbihs . inpWienddh dhe ontpadgide.2ar2batk. | hsra¢ | ed
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electrical connections between a power routing device and a circuit board. FIG. 4 illustrates one
embodiment of a power routing device including 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 edge 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 one embodiment of a system having a power

routing device that provides power conversion. System 230 includes power supply 232 and



another. FIG 5 is a schematic diagramillustrating one enbodi ment of a
system having a power routing device that provides power conversion. System
230 i ncl wexoposeroosuppl y 232 and WO 2011/ 156100PCT/ US2@LT/tB3M16871s®er ver
234. Power supply 232 may be external to a chassis for server 234. Server
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power rouiti2Ag talewtpete 2238 shown in FIG 5 includes power management nodul e
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[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  server 234. Non-power related functions on a power routing device may interact 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 embodiment shown in FIG. 5, baseboard management controller 250

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



[0058] I n the enbodi ment shown in FIG 5, baseboard managenent controller
250 comuni cates with not herboard assenbly 236 through PCl bus 252. A
baseboar dvoenagess®nt WO 2011/ 156100PCT/ US2011/ 037158 maycChasecanomsused to a
circuit board assenbly in other manners, however, such as through a
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power routing devices in expansion slots of the servers. System 280

i ncl ud@OWSE Y Eceivon2 18 fartpgneinbadinpnty, 2 pewesdpyiiesdoger By THeRES PRYPHMR 284

mayf sbe cBRfé%?q? g @Ky I 288y aPAWS ahgggﬁt@ %gtg?t\éh&aﬁﬁ g%%vl‘ér % BnPLPYUIEed

in expansion slots 142°in each of servers e assenbly 118 coupl es
power supplt pof8dind ¢cdmmpoevesystemut i ng devi ces 114 in each of servers 282.

Power r ing devices 114 route power to t herboard 25assenblies 110
o ser JIIRAI S8, sty aubi b EPRanY G S QuPubPLCRba idb 2 AGHE P TBHGT o
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one enbodi ment of rack systemin a data center having servers that share
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g | ca R Sy Rl B RO bRy B SR S 03 e,
ser ver 9880fclufsl deckess penend hewtt Agpptievsfe ddrders P8RRI pKcr ROpEE\IRG endyl Be MY
route E’I(l)gl\ﬁlr‘;e(f irllltrgckasyf:s?eaﬁfgng. 8gw§rerro\1/1teilrlg :31(e)\§ic§ét 114 are provided in expansion slots 142 in
cach 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 servers 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 system

314 may distribute power to power supplies 304 in rack systems 302. Power distribution system
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expansion slot 142 in server 306, and to one or nore circuit board
assenblies in server 306. [0064] Data center 300 includes power distribution
syst em 310 2Poviss10di stri buti on system 314 may di stri but @eCpasesiig7ipower
supplies 304 in rack systenms 302. Power distribution system WO
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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 phases 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 lines 324A, 324B, and 324C may correspond with one of the
three-phase output lines 320A, 320B, and 320C from second stage transformer 318, in each case,
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30 Various of servers 306 in a system nmay operate on different phases of
power distribution system 314. For exanple, in the enbodi nent shown in FIG
7, power woppliwsiod and 4 are coupled on |ine 324A, powecTaspmhiogns®2 and 5
are coupled on line 324B, and power supplies 3 and 6 are coupled on line
324C. I ne of
three-gﬁgg%gﬁafkﬂ rﬁﬁgé gggﬁ§ 3%8%mﬁ&ﬁgﬁ§§%eﬁ$r%ﬁ?gﬁgg%ﬁkégg%éRFga%tgﬁ?ner

318, i neragintetasesindNOLABKL for lﬁaﬁrﬂtgao PCWeb510 308 QBd 1aBdipwibuieen tmtmton@utdfa[s%
320N. In FIG 7, power bus 308 and the distribution lines to.servers. 306
are reph¥s élﬂrvéﬁpragwbrdﬁgrlé numbes of eRndULters, X cxpENeS: Shels thap edifgs tedifferent

distri ?Oéése%fhbx%sﬁérﬁ sS&IY&lage ARy r3ﬁ9\9(?e\/1§§1atehgll:dfn?9§e Ad¥ndpumoer  of

conduc r exanple, suc that e lines erent phases of power
from sd6erod sthg@nter@rﬂsfdunmﬁs B8 autm)lues d04bsredohfigned ercaciot hewer & vROLIO]
In sonme_enbodi nent s r supplies 304 are confr ured to receive pover at
vari abll%P‘ttrYBﬂ‘Pg??ollPﬁQ MYodigetl: BRETURBRES 34t ﬁlﬁp‘PPl&s §a°Sc4h %@é’ﬁt

i nput  vahtageScduRirt &n@é’tﬁ’ﬁ%n@ 7t¥an\§forhférsc%rr tagl o & HRQEbIRIAL stehd é’t@ssfe%f&ﬁ rsdicl or
a power distribution system are sel ected such that operating power to

vari abltbats@e%mgpmw wupplabls s¢ryempawert hepphia i |1$mmm ﬁpwmammlmag@put voltage
specr fi cat erver

P anst SPrapionter b menEh PRk S linadR Bt S batilsihn FHRRRPEEBbtsdms threc
opepat iphgscPsiRic powd tohafee-phasepdrilg pResradti Nphaseltd-ag@rodpeatiig vegagf ot

| east about 260 volts. The power distribution unit supplies operati n% power
f r om t lsach legrpdfap tagttrabost 2fevalsweThe Dpwer Esfripyfion wat @rmgm eferafyng mm;er T one

enbodi L i p tage
o abouy syt 16 BRGB00E RuRRRS ILIE SRR, SRR, PG o dBbAg Inci it
accept prh@marpeaattmgrpblwef hafa phase-ar-ndunraevdlbge of eb@n77 ppltd.  vol t ages and/ or
phases, and supply power output to servers 306. For exanple, power supplies

304 may0%dlap| ﬁ* %O@%rm@%a?@ﬁyp%ébtp jen gt C%meovzerﬁt §oigrof dyo g nxpg
voliks. 7 r

i atr; et ipld WBLEERRROCHRGETHANTRRY obicPBulkl B 9805 RONC For cxamply
vol t s. peewesumiliss BDdHuayore shlst@ radtﬁztﬁlelynaﬂcamerepmtrmm ar 327 vBU onnatd2(owalts.

di stri n|t 344, T sfor 42 rec ower froma utilid.t
foot oo TR MR crabeie S @y AR S MES TRy Shstth Pkt poviY
sim | arpot)&@r td %@Jver%u@?ﬁest I(ﬁlné:tfmr%lts?’%\%@%%tﬂlmﬁi@n% QU@ ot 1Bclﬁ1@ésattréﬂé?orhﬁr
FIG 7. ase output power fromtransformer 342 at 208 volts is

trans m3t4t2 @dd waemhetnbrltlmu@t@élﬂs ‘bfangfheme I42mesy ®4Gxs peueHETom aditiigutacd or

Ntoo ouer, di stri but i nunr r nsforrrer al so
| nePuad ey h o TR EaRe iy Foi Id0abE A g il SIRRSHRE Bl Byl
pover di1stdebdibet @QBokVith rd4dvd @ PIOVET W@rptla@stn&put%%w%r fiond tranByieder 134D @S
348A. Power fromline 346B nay be transm tted from ower distribution units

344 to 2198w9tts Bppsmitiedyia gne oingow seise phpsedines 4467, 493 and Aewrbiine p46N to
embodi nept Iﬁor%%erddlaht’)ﬁt%t LAl ?4’ %g@g%%ﬁ%%‘if‘soam&m ér%hﬁ'&ﬁmE hake.

t ransf or m; power out pu volts ee- phase
povver 'szepﬁmrluch $<t6m1 imay be namnltteMmpm;pdrﬁlsle&tml unitp G o pcﬁwepmappshes

Ires34in ata nter 300, 30.[0073] In the data, enbodi nent shownrn

FI& 7. al R ¥psiia i nWieEong e sYaBr may B Itiepamiied e PQYVRE disibyEPYer s

302 AurhagFérés%sﬁoaVrgr liek B, A/aa'hbl% ephg&r%ggbodr ments, include any nunber of
power supplies and servers. [0074 8 ilTustrates one enbodi nent of a

met hod [0072el i Ireanatiger povedihented @otvr:n dlatrlbrumqoeym«:msnaynlnahmlo mpmrmform;zs them

that i cIu es routing power thr cha Si s
2011/ 196300 PORSD 1 POSIEE S UG LSO 11 DU TARSE "ot . TAE POS6T o
server dlanrsrrtﬁwlﬁtaqnetﬁr PE)@ZOSW&%& kB0 WwRRLAIIRND4 ik Bats 8ReeIdRodi ment s,
the server may be an ofp t he-shel f server. For exanple, the server may have
a $Pand@¥®] of fn-mhéa@mmdmmehmnwlﬁﬁerasbﬁmmr?rﬁ9 inséudep stneeyer ﬁuraphes
standar3% off ttheshelf %B?SSA k5£ 75 At 382 wer routin devg

et seryers Tac lay, mn Varlous other eﬁ;lbo iments, anclude 20 o}f
i nstall eé |n T ad dne expansr in a SEerver. exparisi on s

may be ﬂumbaﬁgpp@m@@pmegan@gbwmustry standard I n one errbodr ment, the
expansi on slot _has_a formfactor for a PCl slot. In certain enbodi ment s

i nst al I[P t heFKowk rillpsiaics epedembediment pligemetiod pfi dRiivaring popst te shtcaiaal om
the povgr, gﬂaﬁé pﬂa%}ﬂ Gfr s9§t9m%é‘trt§t@ #geso%%gjo%%}téﬁthﬁﬂgwﬁ%%omnaa chassis

not her boa e server n some enbodl nen e server
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10 be an off-the-shelf server that accommobdates a standard power supply in
the chassis of the server, such as an ATX power supply. In certain

enbodi mrenwe,20a/s6@ndar d, on-board power supply nay be recowsdoffinsmmss he
server before the server is placed into operation (since the standard,

onboar 3888%5%%%1%% RRLY e&fatnﬁlgé Slgoﬁt ?&Egﬁg g\tl\sgllq\%f (i)s'jfrg%hed %oQleg ltfbgonﬁﬁlgin% §8¥e¥§{1oﬁs

suppl i e°server devi ansi on

sl ot ofintsbesibodiment) ehP oW Er ﬁnay bbeans¢t]ﬁpﬂei d]f Sfeﬁfer emrmdamplef rtlmmeetv@my
supply unit that is external to the server. In certain enbodinents,

power @B rlyt%ﬂvdppﬁfﬁh%réh%wthef@af%Tbﬁ% SeRyptemat Pg apaunieq ig asttndagd r?tf%T’he In

one enmbpdi Lisx power supplies receive power froma power distribution
system such as descri bed above relative to FIGS. 7 and 7A. At 386,
conput i[A479per At B8 povecrpentiny dedecisiingaltddein s laast one2€&k ph XY ];loCinaw savdr. A

power rquting device, npri si nor e. nun

Dol or B ey MG g i e tapecow b g BAveyoteprg, B phorroRgdRg® He
assenblaypaRRfh slot hasta RAWETactRUbl RPAU4H O &eRfd SHPEEmbRs! %{ﬂaﬁn@ 6 tholne !
power fron1one or nore power sources 25external to the circuit boar

assenblrguting ddvaest inclides c@mbmeemt eutput @hl Gomcbe pobearehtamgsivisicyto { gar@yd

Cl ause 2. The oyer rqutln% A a h se 1, mhere the ﬁn3|on s| ot
A S R I R P S e s g

Cl agse b3.ahEr-MeWREIf k@VEd thgt Zedtheed&ts £ btahked ﬁowwmlﬁ)ﬁlyﬁnftﬁ‘eeclﬁmﬁ@ﬁh@ Ber§érot
is a Peripheral Conponent Interconnect (PCl) expansion slot. [0080] C ause

4. The poolkers 6T Xngpveswpprly ofin eerinis emBodipsaised Alandrsd prnegard BOVFRYPRBVINEE

2011/ 148105R0H BlobbsAst R PORR et n BUE! 4RERRRLR R s Bhtens oy
cl ause bbardyeeveeisippdy id wagitcaie to@be tlireel)rmuntl ng portions conprises an edge

conflgured to couyple in a conn socket for the expansion slot on t
ci rcui 0% d égégﬂabpwersls[ M’BET @é ergerTHE %\Afzw PR Ryt werise dr {he

cl qgse egtga Rlor rSothrithe ge?ﬁe?t "I‘HQ o@kr 1B€DH 1{eA9FoP 8% drh strdrﬁ a%%k ?‘%%?31 HiP

coupl e i assi s w ndow co respondln o the exp nsion slot.
Cl ause thatThextooakto theueiveg dieverten embolianests, the pdvear supply eayppreerderpmuster g
portion is . . . .
two or more servers in a data center. In one embodiment, power supplies receive power from a
power distribution system such as described above relative to FIGS. 7 and 7A. At 386,
computing operations are performed using the server.
20
[0077] Clause 1. A power routing device, comprising:
one or more mounting portions configured to mount in an expansion slot
of a circuit board assembly; and

a power routing portion configured to route electrical power from one or more power sources

25  external to the circuit board assembly to electrical components on the circuit board assembly.

[0078] Clause 2. The power routing device of clause 1, wherein the expansion slot is in

accordance with at least one input/output (I/0) standard.

30 [0079] Clause 3. The power routing device of clause 1, wherein the expansion slot is a

Peripheral Component Interconnect (PCI) expansion slot.

[0080] Clause 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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configured to transmt power through a chassis w ndow corresponding to the
expansion slot to 10el ectrical conponents on the circuit board assenbly.

[ 0084] Cwo=e11856tve power routing device of clause 1, wreraiSaottlog7ipower
routing portion conprises a connector portion configured to couple with at
| east one i nput power cable. 15[0085] C ause 9. The power routing device of
clause 1, wherein the power routing portion conprises at |east one cable
conf i gyoesi]tcaweupl e Viihelpotkerditihg deticdoficlausass emiblcyh arehst ond sfahs motingaver
to electrical conmponents on the circuit board assenbly, [0086] Cl ause

10. The POERES cPBRTIPGIGNFEST e ftaured tggeupls in frensrier perke PN YA i on

i's ZOCQQ%&&ww%$f&hﬁ&ﬁgﬁforn1at | east one input to the power routing
portion froma ?lrst voltage to a second voltage. [0087] C ause 11.The

poweér routing device of clause 1, wherein the power routing portion is
config tQ convert i nput power to .outpuyt pawer that confor to at .l east
one. 1 nd B aBtnaa e hooeBE e 4uet tblind Tpahete uUFrhg ey he Bogping

cl ause phriigMIgy &nfighRE (©C¥&Ile PHERRYs dedowEcdriesp@ifil R AnG8ALILE!  or

monitor at |east one function of electrical power transmtted through the
power r6083] KdaweVvi ce. TIB poOEBBIUtIAL dasiec aBclTse Ipwhercin hapowgr weting poion is

clause 1, .wherein the circuit hoard assenbl is configured to cont or
ronl T 0B i Bt ol b ue DR O S RETRM TSRl GE Ryl ol
2010/ 126LaRCIdkSoR AL/ MAINI S8 Ui AR aschrabige 14. The power routing device of

clause 1, further conprising one or nore routing device circuit nodul es,
wherein at | east one of the routing device circuit nodules is coupled to

the ci r[gt*#{] AL asf%{%é}’ugkgg@gﬂ ldgﬁcggﬁaa&s%ﬂ?%&%fn 6:2BhEAufng p&RIIASCL OF

socket he Circui
comprises a connector portion configured to couple with at least one input power cable.

15  [0085] Clause 9. The power routing device of clause 1, wherein the power routing portion
comprises at least one cable configured to couple with the circuit board assembly and to transmit

power to electrical components on the circuit board assembly.

[0086] Clause 10.  The power routing device of clause 1, wherein the power routing portion is
20  configured to transform at least one input to the power routing portion from a first voltage to a

second voltage.

[0087] Clause 11.  The power routing device of clause 1, wherein the power routing portion is
configured to convert input power to output power that conforms to at least one industry

25  standard.

[0088] Clause 12. The power routing device of clause 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.

30
[0089] Clause 13. The power 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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[ 0091] d ause 15. The power routing device of clause 1, further conprising
further conprising one or nore routing device circuit nodules electrically
coupl ed twotha/issrooui t board assenbly, wherein at | east pomassediiobasHNe or
nore routi ng device circuit nodules is configured to performat |east one

functi ShodicitgLated HSLEEt il BOKeDr hiCIORRAL: QAT S angaut er

system' Co r| si'ng: a circui asse nprisirng on

expansirotirg] duvie cﬁ'ﬁﬁht modules, wherein at least@np o¥ie rb(mutg deyiddevicae neduplsed i n at

| east one of the expansion slots of the circuit board assenbly, wherein the
power CBURIEHE @éﬂre@t P%aréawrsmamf@@% P SRR CUMEEPF FRUPICIIBRECPNASH I SRT ke or
nore p to the circuit board assenbly to electrical
corrpong)\reltqge gﬁrz&{l ch%‘s%ﬁr? board assenbly. [0093] d ause 17. The conputer
system of clause 16, wherein the at |east one expansion slot is a PC

expansi 094] .4 ause 1 ter em of cl.ause_ 16, further
conpr 40018 Teinsddi s, MRGPERRUBE QPHEQPL o6 d LCERBTY TEE AL ed [ t he
chassi %on@ﬁ@n‘éﬁ&ﬁé 8t Hl&%uﬂﬁg\ﬁévw@M’Eduﬁgn&cﬁl\fés(‘e@edtﬁca@@ RbuSL &Fhb @1r519’e'5@ard

el ectrical power through a window in the chassis corresponding t he at

I east @ﬁ@né»kjaazﬁmr@n atleait onf 00HBJonCloamwee LT ée‘ommuetrrn@cymsasm@iﬁgvlr@mtge

pa endiofty DEadoRF RicHETRN RlaRd, S BRI AR on & e eR e i raurt Thoard

asgenbly. 30[ 0096] C ause 20. The conputer system of clause 16, wherein the
power routing device is configured to transmt power that confornms to at
Ieast dAI2] Kdeserly. st dheinputc] OOT), comatisee21. The conputer system of clause

16, wherein the ol roulLaRaatd.ASSEIY GARRIATSR. G ORURLAIAIUR fannect o

portion, and wherein e “powver rou
2011/ 156100PCT/ US2011/aGsddb Bowtimpfdegice eduriled @ait pdast ovetdf thidexpabandsod of cwer
connect or portion to sg}ﬁpl y power to electri.cal corrponents on the

conput &HCEY g%r Fhasseathbavherein i poyver poudingdsice Efinpfigusief o 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] Clause 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

comprises a standard power connector portion, and wherein the power routing device is
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50ne or nore conputer systens; and one or nore power supplies external to
the one or nore conputer systens, wherein at |east one of the conputer
systens cwoppiigsrooa chassis; a circuit board assenbly eomuseaiingiehe or
nore expansion slots; and 10one or nore power routing devices coupled in at
| east e f power

| east S0RgRlet REGKRAD B0 63 B SR O Rl b u PR OIE, 2one
nmor e eh&&&kﬁtahnpmﬁm@mﬂnh6aﬁﬁmﬁﬂ&y@mﬁcUIt boar d assenbly [ 0099] O ause

23. The system of cl ause 22, wherein the at |east one of the expansion slots
in 15which a power routing device is coupled is a PCl expansion slot.

[ 0100] S T e 22, further conprising a rack,

wher ei A%@gfl glétéseojr?: %Sﬁégl%fgﬁ%hlte systens and at | east one of the power
supplies is nounted |mnbbennm@knmﬁﬁ@OQ@@ﬁm£MEMSe 25. The system of cl ause

22, wherein the one or nore conputer stens conprises two or ut er
Systems, wher o n At | 280" BIE BIREPRIRER B B TG ST Rt BOHAC B e e
conputer systens SUpplw}f‘e%lRQV\}%Esttoﬁe BY‘@leQBmlﬁﬁfe?sﬁfterﬁﬂﬂ'@on%ﬁEyt er systens.
[0102] C ause 26. The system of clause 22, wherein at |east one of the power
suppl i escha@ext ernal to the conputer systens is configured to provide power
to at |east two conputer é% ]agl(%ﬁ%g3 Cl.ause 27.The s sten1in cl guse 22,
wherein at |east one Sf'tH P FFTBRME onc o TR BUPER! ¢t ecei ve
i npgt power at two or oﬂ@ben@té v @Nbutiipdtlvidé k& @gaBinan thasibielof tiRudxpuiisiciO

power to at |east one of the conputer systens. [0104] C ause 28. The system
of cl awkds o copfispisi o guts elgeticdmewst froheat franeeneepyst perply exteimak foghe abI eto

201/ 198 TBOPERDE Tl Thuord bS] SRRl oy SREDPRR RS 22 ™

wherein the one or nore power supplies

[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 is

configurable to receive input power at an input voltages of at least about 260 volts.
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conprise two or nore power supplies, wherein at |east one of the conputer
systens is configured to receive power fromat |east two of the power

suppl i es.wb[201i0B$10€ ause 30. A net hod of routing power t@®CTarsp@anmatIssi n a
server, conprising routing power through an opening in a
chassi t o r ' coupl one

ex pansﬁgin 4 %1!13%%@’[ hqule%\%yfglfh O\If\/%(}aéﬁ%fit@z S}ﬁ ekech? the Olﬁ% o%%}drr gg&%ﬁllasglgﬁ%est he at

| east eompexpansoano®!potver suplics, wherein at lcast one ofthc computet Rgstgpang cofifigired he
at | east one power routing device to one or nore 10el ectrical conponents on
one or t?rfﬁcélVélpPE’GF fm@c?é#@sfa%@e%hq RAVGSUPMESser ver. [0107] O ause 31.The
nmet hod of clause 30, wherein the at | east one expansion slot in the server
is a PCl expansion slot. 15[0108] C ause 32. The nmethod of clause 30,

whebei 01 tGlage3Ower Anmthotﬂmérmttirﬂngwer Gnevngmnents oy térmg, devpeeng:o one or
nore el ectrical conponents on t e or nore circuit board assenblies
conpri ses coupling at rP%tHbgtPOBY’Fé qbaqwen{%énﬁcﬁiib@%“srt?)ﬁ{ CAY CYEPPYE t 0 at

| east Q&ﬁn%%kﬁﬁ%%oﬁ&@&ﬁl&Q&ﬁ?&&ﬁg Qﬂﬁ&iQﬂmﬁﬂh@&xh§a§hmgﬂﬁh95pé circuit
board assenblies in the server 8 Al't hough t he enbodlnents above have
been de@Uﬁﬂm@dSWﬁhc@mba%enebﬂﬁmdenéphﬁndunerous 20 varlatlons and

nodi fications wll becone a art aonce the

Zbove disclosure is T aPryelsragig o ot R Pot Shivefhulife HfoSloonRor Pt ng

cl apms chetridat esrp@iead dn@ne b g€ ciaddit toathassanbiadsi omise @pgkrnodi fications. WO
2011/ 156100PCT/ US2011/ 037158 WHAT IS CLAIMED I'S: 1. A power routing device,

conpri si ng: one or nore nounting portions configured to nount in
an e.xpgﬂ ﬂftﬁds%% of apl &Héof 18%8“3ﬁ @ﬁ&@fﬁ%&lat 19&‘8'one expanﬁml?gl‘é‘?{ thouting
portio flgure to ro Trica power Trom on nore power Ssources

ext er nakrvepista®CIcixpansidn dear d assenbly to electrical conponents on the
circuit board assenbly. 102. The power routing device of claiml, wherein
the expansion slot is in accordance with at | east one i nput/output (I1/0

st q@dar 108 Clausc‘?S2 Thefh% d[' St SQWh&%nQBu ect {ro‘M'?fced't féagtr}ﬁlc

expan5|on l'ot 1s a Peripheral Conponent Interco expansi on sl ot.
15 powcﬂmmﬁhgdpwme&nnmu&mmgedkmﬁmehmmmmhaMHDﬁthmhem&mmnacnhaabﬁnmne of

Socket FEITRECRLpS OB Fa PREIR BNt PHbSr BULSeBnbry/o s bs e pover
rout i ngidely b&fd bncdcfir Podtioned: &dakt Ge dre@stir@ndodid a{sgﬁnﬁffé@nﬂ tHeGerver.
[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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portions is configured to couple in a chassis w ndow corresponding to the
expansi on sl ot. 6. The power routing device of claiml, wherein

t he powerwoauotivisgioportion is configured to transmt powecTtuse@ugbrias chassi s
wi ndow corresponding to the expansion slot to 25el ectrical conponents on

t he CiRﬁ'Q&F%@%ﬁQ&ﬁﬁE quy. 7. The power routing device of claim1l
mherein-#%e—pomer—rouﬁrng portion conprises a connector portion configured
to couple with at |east one input power cable. 308. The power routing device

of claim1, wherein the power routing portion conprises at |east one cable
configured tlo codpP@VeH PRIRGEVAGS EQMPIIBR%Er d assenbly and to transmit power

to electric i y ot
2011/ 156100%%%%%%??%@%8‘5 ‘Sﬁ%‘ﬁ%E%*é%@?%LﬁOﬁ?ﬁQ% %’épa3¥"38 002 ClRdlt o
t heSpoweardrassimbiyg; parti on is configured to transformat |east one input to
t he power routin 1por.tion fron1? first vol%gg .&g a second voltage. 510. The
power rout i figPULTi QR pettion fopfigyed o rpute Cg% POMSLETORY OPoL MGHE iPEWEr

confi gupgeded @xCARAY 8% tthd Rt BENAS assEmOYt BUEIcRAVRT céngi%_e&t@ o f¥Bcif Qitdboadr§ast
1. The power routing device of claiml,

one industry standard. 11.
wher ei rsseimblpower routing device is 10configured to control or nonitor at

| east one function of electrical power transmtted through the power
routing device. 12. The power routing device of claim1l1, further
conprising @ne OrTH¥GoRvet @dlitinBAcdlRW iof @latih G Wikierai ehel kpansiviedl6f i idbcdod@mbe One
of the routing device circuit nodules is coupled to 15the circuit board
assenblWith #densyencanpedyerut dhAesteedardoupl ed in a connector socket on the
circuit board assenbly. 13. A nmethod of routing power to conponents
in a server, conprising: routi ng power through an opening in a
chassis to &t | eddik ppoverpowiirg dovitdel sfgclaiav i cehdVmothp legparsivnadlot! i@ asPeripheral
expansi on slot in the sery wherein the opening corresponds to the at

r,
| east &pén[@@ﬁ%tﬂg}eaqpngpgt(l,’cgﬁapansmn slot.

15
4. 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 circuit board assembly.
20 5. 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.

6. 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

25  electrical components on the circuit board assembly.

7. The power routing device of claim 1, wherein the power routing portion

comprises a connector portion configured to couple with at least one input power cable.
30 8. The power routing device of claim 1, wherein the power routing portion

comprises at least one cable configured to couple with the circuit board assembly and to transmit

power to electrical components on the circuit board assembly.
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routi ng power fromthe at | east one power routing device to one or nore

el ectri
server.

cal conponents on one or nore circuit board assenblies of the
A5020oTiseroet hod of claim 13, wherein the at | ea®CTAI3R01@0pHEBSI ON

slot in the server is a PCl expansion slot. 15.The nethod of claim 14,

wher ei n [ outy ng AYeL, [LOMENE @id:C38LLANeI PONEL 1 BHLLNGLIRY §54h0 10

or nore electrical "conponen

sTon e one or nore Clircu oar

ne
S

30conpreosfigured tptramordi al Rastonongmeablie: povertrbatifopstion Gtohi bdirsieritage tooa at
| east one circuit board connector portion on at |east one of the circuit
board #SCWEHIItA&S-in t he server.
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10.  The power routing device of claim 1, wherein the power routing portion is
configured to convert input power to output power that conforms to at least one industry

standard.

11.  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.

12.  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 circuit board assembly through an edge connector coupled in a connector socket on the circuit

board assembly.

13. A method of routing power to components in a server, comprising:

routing power through an opening in a chassis to at least one power routing device
coupled in at least one expansion slot in the server, wherein the opening corresponds to the at
least one expansion slot; and

routing power from the at least one power routing device to one or more electrical

components on one or more circuit board assemblies of the server.

14.  The method of claim 13, wherein the at least one expansion slot in the server is a

PCI expansion slot.

15.  The method of claim 14, wherein routing power from the at least 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.
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