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- 2. MAR 1005 1 HOT- PLUGGABLE VOLTAGE REGULATOR MODULE Background of the
Invention 1. Field of the Invention The present invention generally7 MAR 7005
relates to conputer systens, particularly to a nethod of upgradi ng or
servicing conputer conponents, and nore specifically to a nethod of
exchangi ng (swapping out) voltage regul dtor nodules for a conputer system
W t hout powering down the conputer systemor otherw se interrupting.
service. 2. Description of Related Art Mddern conputing systens are often
constructed froma nunber of processing units and a nmain nenory, connected
by a generalized interconnect. The basic structure of a conventional

mul ti-processor conputer system 10 is shown in Figure 1.

Conput er systén1

10 has several processipg MtiddhsEPVe) AdR rektharBRtuddgmhi ch are

connected to various peripheral, or irnput/output (70 devices 14 (such as
a display nonitor, keyboard, and permanent storage device), nenory device

1G (randont agCess or RAvVI) that is used by the
to carry outﬁﬁ?§5¥§ﬁg?h§gPﬁ?lpbns; and firmvare 18 whose

processing units
primary purpose

is to seek outFialddf{headeddnoperati ng system from one of the peripherals
(usual Iy the permanent nenory device) whenever the conputer js first turned
on. Processing unibf SreiesLyentiop BeAsiNY fdtles to comppter sestemsy Pkl lidvi ces,
menory and - fibhé oruipirading BYseMMid A piRAGSapohddE e fidte Srebiisalglo o GRERML er
system 1(1 ma~: have nmany additional conmponents which arc not shown, such
as serial an®f parallel ports for connection .. c; ,nodems or printers

"Those skill %}Jng]ing?.% ra%g&égs}galdna&é r%%j'ﬂ%r rfocRﬁe%‘%!)r%EcﬁmigEzgrtssgstéﬂe&lﬁho%ir- ot her

conponents tha I'n~conj unction ~W
bl ock di agr apavefingigur ge orfipiter eystempbretheavick mpiagtirpdaptcer
control a *G00002*

2. Description of Related Art

bWn in the
m ght Lc used io

Modermn computing systems are often constructed from a number of processing

units and a main memory, connected by a generalized interconnect. The basic structure of
a conventional multi-processor computer system 10 1s shown in Figure 1. Computer
system 10 has several processing units (CPUs) 12a, 12h, and 12¢ which are connected to
various peripheral, or input/output (1/0) devices 14 (such as a display monitor, keyboard,
and permanent storage device), memory device 16 (random-access memory or RAM) that
1s used by the processing units to carry out program instructions, and firmware 18 whose
primary purpose 1s to seek out and load an operating system from one of the peripherals

(usually the permanent memory device) whenever the computer is first turned on.

Processing units 12a-12¢ communicate with the peripheral devices, memory and
fimmware by various means, including a bus 20. Computer system 10 may have many
additional components which are not shown, such as serial and parallel ports for
connection 1o, e.p., modems or printers  Those skilled in the art will further appreciate thal
there are other compenents that might be used in conjunction with those shown in the

block diagram of Figure 1; for example, a display adapter might be used to control a
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- 2. MAR 2005 2 video-display nonitor, a nenory controller can be used to

. access nenory 1G etc. The conputer can also have nore than three-~ ZNMRZmE
processing units. In a symetric nulti-processor (SWP) conputer, al

the processing units 12a-12c are generally identical, that is, they al

use a common set or subset of instructi®ns and protocols to operate, and

generally have the sanme architecture. Conventional conputer systens often

all ow the user to add various conponents after delivery fromthe factory.

For peripheral devices, this can be acconplished using an "expansion" bus,

such as the Industry Standard Architecture (1SA) bus or the Peripheral

Conmponent Interconnect (PCl) bus. Another conponent that is commonly added

by the  USerijes oftRiaD nffBARIY e B SodlBB ol bouh eRoIRALHR ©f @ Alural ity of

menory modul ‘es can be a renove &si red. ven processi ng

units can b&oﬂﬂd&dm@ﬁb&hﬂ@pﬁﬂemmumnmmnmammguhecdnhspmMﬂubemudﬁsmgnﬁ One

i tem t hat herg&pfore ha?(ﬁ t been, user-serviceabl e e regul ator

PPy l

a
modul e t hat smpHtesrallioh Bepriepssing Uathifac e a&ﬂcﬁﬁ%ﬂb é@moarh@%tés ¥¥ponent s

require di f k80 rRONEY et SAUBELES ifs@LOIBNERS ratbedl 8 Cp&Re Ak Laradly h@«ﬂ:d t he
vol tage regul ator module (VI Zivi) produces these voltages. A VRM i

cont nect ed tte taHs apphitestysower supply for the conputer (e.g., a 1 IO volt AC
wal | outlet), and uses transforners and solid-state circuitry to generate
snooth reference signals which are essentially invariant over a reasonable
range of operatiﬁ@nwaﬁamb@mnmw(asgnwOﬁenpbmahuwegmaﬁdvaﬂﬂﬁ@wmmmsﬁﬁefective
and the compuyt e i owe F not pass
the. power - on rséeelll 28 srf] ﬂf&&“ﬁ § of perﬁ@h{}mtl ‘r““ﬁs’t“r% a(51pbee raﬁ?omc? hShef NFIS &Ver, a
systemis rusgpgangon"ans stdhers H{eiﬁﬂﬂﬁtrbS@MMAﬁﬁftﬂmlrb (lSA) bis ccdfe BM‘@r&ba.l havoc on
the systemln order to replace a del ~, ~e Vl 1, it is é g at~ to
poor er down ({yqﬁ%poegﬁ.brﬁgéq{m% (‘e[m)us Ano 1ewpgp2m§15t gt 15 commonly added by the

user 1s main memory. This memory is often made up of a plurality of memory modules
that can be added or removed as desired. Even processing units can be added or swapped

out, in more recent computer designs.

One item that heretofore has not been user-serviceable 1s the voltage regulator
module that 1s used for the various computer components. These components require
different poxxrer sources/references at precise voltages, and the voltage regulator module
(VRM) produces these voltages. A VRM 1s connected to the main power supply for the
computer (e.g., a 110 volt AC wall outlet), and uses transformers and solid-state circuitry
to generate smooth reference signals which are essentially invariant over a reasonable

range of operating parameters (e.¢., temperature).

Ifa VRM 15 defective and the computer system 1s powered-up, the system will
simply not pass the power-on sell test (POST), and will halt operation. However, if a
system is running and the VRM becomes delective, 1t can wreak havoe on the system  In

order to replace a defective VRM, 10 1s necessary o power down the computer system,



since VRV are integrated (hard-wired) into the system hardware. Afigld
service engineer often nust be called to performthe maintenance. MARﬁMﬁ
conputer systens (particularly large servers used in aclient-server
network), there may be hundreds of users coruiected to it, and the down
time required to performa VRN servicé operation can be extrenely
expensi ve. Also, in systens which are wused in mssion-critical :
applications, it is highly desirable to be able to performa VRM service
operation wi thout service interruption, particularly when it is necessary
to replace a defective VRM Sone conputer conponents, such as

"hot - pl uggabl e" PCl adapters, are currently available that can be added or
renoved From, e T . at i onal

Each PCl adg%?gr sig%%ﬁggﬁﬁgs %gﬁg?%?ﬁgﬂg?§¥§%§?h§ﬁ§£325§?é8?§§et line, and
a sw tch coemgeetrafign g bs kdied topdfhen BCmabusianal | owi ng the slot to be
electrically isolated from the PCl bus, and reactivated after insertion of
a new PCl de~zce into the slot. This hot-plug capability has never been
expanded to VRVE.pofniaelon{Patér fRtemd tpatichlaWR Bgd Lrve@ l¥ddGe a dlidek@odi ve VRI vf

W thout service interruption; = but may also desire to add nore power
capaci ty to eawesd. dicragaydipduedredsionussrsrennecisd suppng the devip g degirebivponent s) ,
again wt hou%ﬁgﬁ)fjﬁ\él‘ﬁﬁ\dlsm’igég Rlib P bletextymlly%xpérg%.ekgg,em SPeemdQsb able. . to
provi de a nethod of upgrading or set-~icu/g a systemi s voltage regul ator
modul e ~wi t hewt ir sgsibn-tigrabappbsas pisn isdoghtly desiratik etbakplt toperfofm & F&RMyst em |t
woul d be further advanpg&gpus,if Lhe %EtQﬁguﬁHi“Fgﬁtg$@&£§ﬁ,gﬁg1§599rtiSe
ol ~a hel d sef V! EPERYPHERTOU SR IEAPFVIREGE: FPHIE YRR WPEHAREE 2 BUTRAEY of the
| nventi on |tdiéfsctivh@R®f ore one obj ect of the present invention to provide an
i nproved nethod of upgradi ng and servicing conponents of a conputer

system || is another object of the present invention to provide such a

net hod that al | ovwgn@ codBhitAGEpbRAU! AEIREs WBAULE 6 Penfdapibls &rCQIRULET System

to Ue upgraded or serviced, wthout interrupting system operation.
available that can be added or removed from a computer system while the system 1s fully

operational. Each PCI adapter slot has a separate power line, a separate reset line, and a
switch connecting the slot to the PCI bus, allowing the slot to be electrically isolated from
the PCI bus, and reactivated after insertion of a new PCI device into the slot. This

hot-plug capability has never been expanded to VRMs.

A user may not only want to service a defective VRM without service interruption,
but may also desire to add more power capacity to an existing system (in order to supply
new, added components), again without service interruption. [t would, therefore, be
desirable to provide a method of upgrading, or servicing a system's voltage regulator
module without requiring a powering down or interruption of the system. It would be
further advantageous if the method did not require the expertise of a field service engineer

to carry out the maintenance,



It is yet another object of the present invention to provide such a nethod
that does not require the VP~Ivl to be hard-wired to the system so YAR 3005
sinplify any VRIvl nmaintenance. The foregoing. objects are achieved in a
po~yer subsystem for a conputer system generally conprising a circuit
board having at | east one voltage rail 4or supplying power to a conponent
of the conputer system and neans for connecting a plurality of voltage
regul ator nodules (VI:1~4s) to the voltage rail, while limting

di sturbances on the voltage rail when a VP~-Mis electrically connected
thereto. The circuit board nmay be, e.g., a system board of the conputer
system having firmvare nounted thereon. The di sturbances on the voltage
rail can beSB{xl‘?xYQ?BFﬁ\ct?}(veﬁnﬁ{ ging the voltage output of the VR~ 1 prior to
directly col urect ng the voltage output to the voltage rail. In an
illustrative enbbdi thenfore ceadtiecVbZhwpredrasineenlioifofpr@idei anguptovethdethodsZi y~
connect or havi ng a rPJ urality of Fi ns el ec} ri a&l |y colulected to respective
connect i on, YBFALARAN PHERE CIPYLME O THERTA Y Il ude at Fast one grol . ul d
pit), and charge pin; coupled to respective capacitors and to voltage
outputs of the DC/DC circuit. A voltage input pin is connected to a vol fage
i nput of the DC/ BE sioherntieckofdansysed daveaippepropida sueharmacteasiha atlews
respectivel SQMMBJ i i ol t age

out put pi nsngr[a%etr%%lf\{& Isgl%g 5s g[t%aré[%fénrp {l{lﬁgﬁg{[ﬂ%bglﬁgériéﬁgagir %égﬁ%%d shorter

t han t he gr outhdutphtarmetiop syskeatqpe@sgot he coruiector is mated with a
correspondi ng connector on the system board, the capacitors are first
charged via resistive paths coruiected to the voltage rails, prior to
directly connect fiigyd htheobljager thoptt{att iSvendort ta@rovtdetsagea mathbdthatl dvef he
manner, the VRV becone "hot-pluggable, " enabling a  user upgr ade or
servi ce t he 'Sy Yhy [ ‘Pge P‘gd'é‘flﬁcﬁlf"“ﬁﬁ"ﬁ’ieﬁ‘g?o %tgﬁﬂpﬁl t4re \”torﬁ?%plrogcti cally no
ef fect on sepMiE@nclNe above as well as additional objectives, features,
and advantages of the present invention will becone apparent in the
followi ng detailed witten description.

The foregoing objects are achieved in a power subsyslem for a computer system,
generally comprising a circuit board having at least one voltage rail for supplying power (o
a component of the computer system, and means for connecting a plurality of voltage
regulator modules (VRMSs) to the voltage rail, while limiting disturbances on the voltage
rail when a VRM is electrically connected thereto. The circuit board may be, e.g., a
system board of the computer system having firmware mounted thereon. The disturbances
on the voltage rail can be prevented by charging the voltage output of the VRM prior to

durectly connecting the voltage output to the voltage rail.

In an tllustrative embodiment, each VRM has a DC/DC circuit and a VRM
connector having a plurality of pins electrically connected to respective connections ol the
DC/DC cireuit. The pins melude at least one ground pim, and charge pins coupled Lo
respective capacitors and to voltage outputs ol the DC/DC circurl,. A voltage mput pin 18
connected o a voltage mput of the DC/DC cireutt, and voltage output pins are connected

respectively to the voltage outputs of the DC/DC ciremt. The voltage output pins arc



- 2 MAR 2005 Brief Description of t(ic Draw ngs The novel features ﬁzmieved
characteristic of the invention are set forth in the appended cl ai MAR 12805
invention itself, however, as well as a preferred node of use, further

obj ectives, and advantages thereof, will best be understood by reference to
the followng detailed description of 5%an illustrative enbodi nent when read
in conjunction with the acconpanying drawi ngs, wherein: Figure 1 is a

bl ock diagramof a prior-art nulti-processor conputer system and P igurc 2
is high level schematic diagramillustrating the intercoinmection of a
renmovabl e vol tage regul ator nodule (VR2v7) and a system board in accordance
with the present invention, allowing VIZh% upgrade or service wthout
interrupting the co ter' i - . [V an

1 st r a1 V@t PREET R s 1R ARy Bt e frolEThf R RS Ry B
particul ar whthwithfaeoeapendig dohidcur an B¢ systehetroard, the dgpritdreare fikse charged

i nterconnectjon of a renovable ohéa e regulqtgr qng%£e6§0ﬂgxghv%) and a
syst em boar Y2 3Zisgre RrUSSRRFLlE! ey WgS?H& Eor GaRee “MEh T Bné ‘enbodi ment  of

the presengyd,nyenhl ma%é/[BM. 3 theSnanagt tpVEggakkend "Hohplligdadle, "ichatdimp abe added

to or renoved from systemboard 32 in such a manner as to allﬁw
uni nt er r upt eser emarde of sepvine tecowrpem ahile dysyigmonyranivap s or pgewady B ural ity
of | eads and &ircuigé formed on or nounted to a circuit board 34, and a

VRI * ~ conneggorm§8né§apted to intercoruiect VRt~~ 30 to system board 32
via a correspondi ng connector 38. The system board is adapted to utilize

several VRivls, as hereinafter. explained, b < a VI ZM
may be desirableTWH%ﬁv”mévgﬁfa%h%g?{ﬁﬂﬁlg?’%ﬁﬁtﬁgbi&%é%%%?PfgaBgs Leing

defective. jpvention will become apparent in the following detailed written description.



VRM corui ector 3G has a plurality of netallic (electrically conductive)
pins which mate with matching holes or sockets in system board cothMtgm5
38. The pins extend from a side edge of circuit board 34, and are
generally parallel. hi the illustrative enbodinent, the |lengths of these
pins are selected to control the output®voltages generated by the VIZM
during the plugging or unplugging operation, and thereby Iimt or prevent

di sturbances on the voltage rails of the system hi the initial state, the
conputer systemis powered-up, and a VRMinstalled in the systemis
generating the power required at the required voltages and currents. This
original VRI~;4 is not illustrated in Fi~rre 2; but is preferably of the
same gener alp£pD3tdritibh 0 @D rMhingd ~4 30, including the connector used to
allow the device to be renoved Fron1the,systen1board. The VRI'vl to be
added (301 is cohpiewelfsatuiesgslevied shargsierigiic of Giejipyentginlagg debfprth Thiiepi ns on

~ =1 Conng&ge?uﬁedg c? ir%?vﬁletir\{\%mlioenqggltﬂﬁlo&/atlpr( E w@irllgs a! er?)re& x%o@cl Af QY udr{hfef erent
parts of the circuit to engange correspordi ng sockets 1 n connector 38 at
different bbjeasegand ivawsigestiecbansll Baschemati@soodlbyhefefende to gite folidwisg t 0 | oaf <c
cont::!ct ~~ ith the powered-uh systemare the ground bin(s) 40, and
charge bins dpigladepilieg. ap Shotiang 6%?%1&5@1 i) @iy CgYERERL Wi§lsoar a50. 1
Figure 2, oRtynpRgyith@idigediedid: i s depicted, but it is understood that one
such charge pinis provided for each voltage rail on system board 32, i.e.,
for each output voltage 44 of the DCIDC circuit 4G of VRM 30. Each charge
pin 42 is connec - i 0l - , . ective
capaci tor 48. EagﬁgV% ?g5gkg§?gﬁ%h¥§pﬁghgﬁgguq%%ﬁﬁgEﬁélu?g%gépggggctive
short pin 50 of VRM cotul ector 3G As connector 3G is attached to connector
38, charge pin 4%apkes ONLAEL ML B CON SIPONML NG, S08KEL, 87, Of
connector 38, an %ﬁounéwbih 20" ek ss €0t adt Wit he d groun8e8‘socket 54 of
connect or 38sm@mabRoltage sa0lktor PbdulS0/ TOANPIdatskAgn Bayd GoRaeddncORith iBocket 52
is connected to a voltage rail 56 via a resistor 58. The voltage from

vol t age rai IPTeS8s RGOy ec IR eare A8eVF oY BIEHBEEE BE AOBMNESnpl et i ng
any connect&ﬁaaﬁJhereafter, when short pin 50 contacts its correspondi ng
socket @O, ich is also connected to voltage rail SG charged capacitor
48 on hot - plugged VRIvl 30 prevents the VR2vl fromloading down the
voltage rail of the system board until the VR ~1 becones operational. VRM
30 becones operational once the short) DO DC voltage input pin & cones
ulto contact with the VRMinput voltage socket 4 of system board
connector 38. If the original VRMis defective, it can then be renoved
(power ed-down), and sel-viced. The specific values for the various

el ectrical conponents of the VRM may vary according to the application. In
the illustrative enbodi nent, the VRMinput voltage is 48 volts DC, and the
vol tage outputs of DC~nC circuit 4G provide voltages of |.5 volts; 1.8
volts, ... and 3.3 volts. Appropriate values for the capacitance of
capacitor 48 and the resistance of resistor 58, are 1000 and

one, respectively. The VRMinput voltage nmay be provided using the voltage

supply



describe in U S Patent Application Serial No 09/281.082, filed concurrently
herewith (attorney docket no. AT9-98-836),which is hereby incorpara;iﬁk -
2 MAR 2005 9 Wil e the foregoi ng enbodi nent uses short long pins in §, £005
connector 3G and pins of a single size only in system board connector 38,
those skilled in the art will appreciate that the converse arrangenent
could be provided. Al so, other techniques (relays, solid state del ay
switches, etc.) could be used to ensure that the voltage output pin
capacitors are charged through a resistive path prior to direct connection
of the voltage outputs to the respective voltage rails. By adding the
benefits obtained from"hot-pluggabilit}~" to the VRVs in the system the

power subsystem.gains new flexihilit. eliability and serviceability. The
present inv "tsf%ﬁt“’t"kﬂ?é‘“ W&Bﬂ“ e g"\‘f%‘i'?'icf‘g) upgrade or service the system
while it is stil Wit rdfetdntd @w toitliciTiguick tahe ifarpuhe tith adfdrshco @ Bffedt on
service. This feature is particularly useful

( | n systens Support | m ssi on
critical appherestdepiaed U integennesiien G 4 .KMQWPYF Yo ?ﬁééﬁ' §F@“%§8(ﬁg&85,

wherein a c : VBRLAe N3N, deh&briARWALShE BEb&limA bheugh the
i nvention hggﬁgégﬁﬂgggif?%@ﬁmﬁﬁ#heﬁgfesence to speaipic enﬁgdinents, this

descri pti on frssemobvepgantVRM 3Bes ‘dongtgaakld” that 4, I ¢amibe padpddeprgemovgdfiosus
modi fi cationg_of . t di scl osed eﬁ?%%i - N I tive
; LIPQYALE MiRterrBRed Rhice 3P 18 ChEHNG
cntodi rent 5 B SRR A EFA RS e ke Lb D
system. VRM 30 includes a plurality of leads and circuits formed on or mounted to a
circuit board 34, and a VRM connector 36 adapted to interconnect VRM 30 to system
board 32 via a corresponding connector 38. The system board 1s adapted to utilize several

VRMs, as hereinafter explained. The ability to hot-plug a VRM may be desirable when,

e.g., a particular VRM is identified as being defective.

VRM connector 36 has a plurality of metallic (electrically conductive) pins which
mate with matching holes or sockets in system board connector 38. The pins extend from
a side edge of circuit board 34, and are generally parallel. In the illustrative embodiment,
the lengths of these pins are selected to control the output voltages generated by the VRM
during the plugging or unplugging operation, and thereby limit or prevent disturbances on
the voltage rails of the system. In the initial state, the computer system 1s powered-up, and
a VRM installed in the system is generating the power required at the required voltages
and currents. This original VRM is not illustrated in Figure 2, but is preferably of the
same general construction as VRM 30, including the connector used to allow the device to
be removed from the system board. The VRM to be added (30) 15 completely unpowered
prior to wnstallation.

The pins on VRM connector 36 have two lengths (short and long) o allow
different parts of the circuit to engage corresponcing sockets i connector 38 at different
times as the connectors are mated. The first pins o make contact with the powered-up

system are the ground pin(s) 40, and charge pins that conneet Lo the vollage rails of system



beconme apparent to persons skilled in the art upon reference to the
description of the invention. her exanple, the foregoing descriptionZAMRzmw
refers to "rR ~h being attached to the system board, which may be the

board that supports the processors or |inn~~~are, but the invention could
al so be inplenented by connecting VP.1lvEls to other circuit boards of the
conputer system ~~hich are further interconnected io the other conputer
conponents. It is therefore contenplated that such nodifications can be
made wi thout departing horn the spirit or scope of the present invention

as defined in the appended clainms. - z MaR zoos -l1o0o CLAIMS: 1. A nethod of
provi di ng mai ntenance for a voltage regul ator nodule (VRM of a conputer

system ~wi th B4 tient.upt ibng, operatio . 1 ut.er ten conpri si ng
R R U A
removably atuchehege jin isgproydt dsnchoartagefrail @l sestan bgiud 82, 1 8Y & eath oalpact ri cal |y

connecting a second V| t he syst boar ile limting disturbances to
a vol t age suﬁ%@?é6£°?ﬁ%%é§%%%ﬁ?%%@?gg%%H@rg?&%&“ﬁ%@“4§f%%§“%Wﬁt%ﬁarging at
| east one vofckR@EveOtdliistoudhit 44 BnSLEHRELIVWRINciRE 88 Lok Abllaye 6@pRaAtii N t he

vol tage output of the second VRMdirectly to a voltage rail of the system
board, aft er c®apaedtnaregpestvesther pin S0 of VRM connector 36.

As connector 36 1s attached to connector 38, charge pin 42 makes contact with a
corresponding socket 52 of connector 38, and ground pin 40 makes contact with a
grounded socket 54 of connector 38, prior to short pin S0 completing any connection.
Socket 52 1s connected to a voltage rail 56 via a resistor S8. The voltage from voltage rail
56 charges up capacitor 48, prior to short pin 50 completing any connection. Thereafter,
when short pin 50 contacts its corresponding socket 60, which 1s also connected to voltage
rail S6, charged capacitor 48 on hot-plugged VRM 30 prevents the VRM from loading
down the voltage rail of the system board until the VRM becomes operational. VRM 30
becomes operational once the (short) DC/DC voltage input pin 62 comes into contact with
the VRM input voltage socket 64 of system board connector 38. If the original VRM 1is

defective, it can then be removed (powered-down), and serviced.

The specific values for the various electrical components of the VRM may vary
according to the application. In the illustrative embodiment, the VRM input voltage is 48
volts DC, and the voltage outputs of DC/DC circuit 46 provide voltages of 1.5 volts, 1.8
volts, ... and 3.3 volts. Appropriate values for the capacitance of capacitor 48 and the
resistance of resistor §8, are 1000 pl* and one Q, respectively. The VRM
input voltage may be provided using the voltage supply

described in U.S. Patent Applicalicn Serial No. 09/ 281,082,

filed concurrently herewith {attorney docket noe.

R1¢-98-8367, which 1o hercby 1ncerporated.



powering up the second VRNI; and renoving the first VRMfromthe system

system usi ng the second VRM 2. The nethod of claiml wherein said r

board, after said connecting step, while maintaining power to the_ r
PR,

step includes the step of powering down the first VRM 3, The method of
claiml| conprising the further step of ddentifying the first VRM as being
defective. 4. The nethod of claiml| conprising the further step of
servicing the first VRM after said renoving step. 5. The nethod of claim1l

conprising the further step of electrically connecting a

third VRIV1 to

the system board while limting disturbances to the voltage supply on the
system board. - 2 MAR 2005 -11 6. The nethod of claim1 wherein:

While the foregoing embodiment uses short/long pins in VRM connector 36, and
pins of a single size only in system board connector 38, those skilled in the art will
appreciate that the converse arrangement could be provided. Also, other techniques
(relays, solid state delay switches, etc.) could be used to ensure that the voltage output pin
capacitors are charged through a resistive path prior to direct connection of the voltage

outputs to the respective voltage rails.

By adding the benefits obtained from "hot-pluggability" to the VRMs in the
system, the power subsystem gains new flexibility, reliability and serviceability. The
present invention thus enables a user to upgrade or service the system while it 1s still
running, with little or practically no effect on service. This feature is particularly useful in
systems supporting mission critical applications, or systems with very large numbers of

users, wherein a computer shutdown would have deleterious effects.

Although the invention has been described with reference to specific embodiments,
this description is not meant to be construed in a limiting sense. Various modifications of
the disclosed embodiments, as well as alternative embodiments of the invention, will
become apparent to persons skilled in the art upon reference to the description of the
invention. For example, the foregoing description refers to VRMs being attached to the
system board, which may be the board that supports the processors or firmware, but the
invention could also ke implemented by connecting VRMs to other circuit boards of the
computer system which are further interconnected to the other computer components. It is
therefore contemplated that such modifications can be made without departing from the

spirit or scope of the present invention as defined in the appended claims.



the second VRMis conprised of a circuit board, a DCIDC circuit nounted on
the circuit board, and a connector attached to the circuit board, hazﬁﬂﬁl%
plurality of pins, the pins being electrjﬁgjly connected to respecti 5
| eads of the circuit board, and the |eads being electrically connected to
respective connections of the DC/DC circuit, the pins including at |east
one ground pnAl®%E at | east one charge pin coupled to a capacitor and
coupled to a lead which is connected to a voltage output connection of the
DC/DC circuit; and said charging step is perfornmed in response to the

charge pin nmaking A39%}?0@%‘é}{ir&ﬂdﬁxlgql%iﬁ@ﬁ&ﬁ@%%vél?agtégggxﬂéloﬁn&%lpféet%@%) 8f at he

system board, the socket ng elfectrically conne to a voltage rail of
t he system board wompater esyisgtm weitlpait hintefruplihg operdiod of deacomputahesystem,
the plurality of pins furtﬁen in%Judes at | east one voltage output pin
connected to a | ea@"BISPRAGIHREEt board which is connected to the vol tage
out put of the second VR1L~~1; and said step of electrically connecting the

vol t age out put of the second VRMincludes the step of the_voltage outq)t
pi n making contact wit h SHPRIGINEEONEHER PG CSBRRISE SHHCR Wi bEshrY KoYl remavably

syste-n board, thegagdieb .RGANE beh Ul CnpurEePieat ed to a voltage rail of
the system board. 8. The nethod of claim®6 wherein: the plurality of pins

further includes at |east one voltage input pin connected to a | ead of the

ci ;“;,};R ggggd_gi ch i's conNRGHEddRc@ingohtagsnd "R of thd&,S@GORG.YRViiand

limiting disturbances to a voltage supply on the system board comprising the

steps of:
charging at least one voltage output of the second VRM;

electrically connecting the voltage output of the second VRM directly to

a voltage rail of the system board, after said charging step;
powering up the second VRM; and

removing the first VRM from the system board, after said connecting

step, while maintaining power to the computer system using the second VRM.

2. The method of claim | wherein said removing step includes the step of powering
down the first VRM.

3. The method of claim | comprising the further step of identifying the first VRM

as being defective.

4. The method of claim | comprising the further step of servicing the first VRM

after said removing step.

5. The method of claim 1 comprising the further step of electrically connecting a
third VRM to the system board while limiting disturbances to the voltage supply

on the system board.



sai. d powering up step includes the step of the voltage input pin maki d@
contact with a correspondi ng socket on a connector of the systen1boa2 ARe 1085
socket being electrically connected to a Ypltage input supply of the system
board. 9. A power subsystemfor a conputer system conprising: a circuit
board having at | east one voltage rail for supplying power to a conponent

of the conputer system and neans for renovably connecting a plurality of
vol t age regul at or podul (VRVB) to said voltage rail, said connecting
means (unitihg d|éY%WB%ﬁ%%%fﬁW“EéN@eVE1tage rail when a VRMis electrically
connected thereto wherein, said connecting neans |imts the disturbances on
said voltage rail by charging a voltage output of the VRIvl prior to
directly connecting thethQBﬁGg@ Bﬂbbdicompﬁh@ VRh~dirqugt besrd, vdD€égé(mauh.
L0, dhe power subsyshe oh L AR SO S8 SO Setbh kR OE e et at e

power subsystem ofhavirgi dmp%rvmercﬁi pnn§ah€l poienNbEa ietegtriaBn ScopoRREdS tdl peshé@ive
VRI vl after the volt

\ge. out ut has, been rged. 12. The power subsystem of
claim9, further ¢6 rqeféheng “ﬁoaﬁdaf“ﬁ({Vei?a?iv%ﬁiﬁgéé‘eﬁ‘CHEY/FWQ‘CS‘CQ'I“ZWSRCC“VG
circuit board, a DRGURStRhE 68iht D@D@@f&uﬂnthwlﬁ ivéRhding Gt reﬁwotnelgaﬂrnq piRdda
VR ~4 connector attached to said VRMcircuit board, Said VRM connect or

havi ng a pl uralityatdeashiong chayae @irpremplaseiony capasitor mcapow@«bfmed@@hwmh is
respective | eads O(fonﬁédtgi l%' V(E)Waéons t%on gl %@Y%ﬁ&ﬁgfﬁ% pl?élﬂtg aﬁcl.i ectrically

connected to respective connect of sail ircurt, 'said pins

i ncluding at | east one ground p|n and at | east one charge pin coupled to a
capaci tor and coupled to connect ed t val t age. out put of
s a DO DC i reuit. 13t ENs S Pel S MRt BB Rrctnfie
plurality of pins(ﬁm&&heﬂmlmebndﬁﬁn@hgheaﬁicmnﬁcM&hbag&ﬁhnewymemnm&@@n@@ted
to a lead of said Vﬁ?l%)rCUIt hoard which is connected %o a vol tage i nput

of said DOYDC ci r cFket emgzelmﬁcaig[g)nnected to a voltage rail of the system bdard via a

resistive path.
7. The method of claim 6 wherein:

the plurality of pins further includes at least one voltage output pin
connected to a lead of the circuit board which is connected to the voltage output
of the second VRM; and

said step of electrically connecting the voltage output of the second
VRM includes the step of the voltage output pin making contact with a
corresponding socket on a connector of the system board, the socket being

electrically connected to a voltage rail of the system board.
8. The method of claim 6 wherein:
the plurality of pins further includes at least one voltage input pin

connected to a lead of the circuit board which is connected to a voltage input of
the second VRM; and



-13 14. The power subsystem of claim 12 wherein said plurality of pins
further includes at |east one voltage output pin connected to a | addMAS 2005
said VRMcircuit board ~~-hich is connegbed to said voltage output of said
DC/DC circuit. 5. The power subsystem of claim 14 ~vl~erein said voltage
output pin is shorter tllan said charge pin and shorter than said ground
pin. 16. A device conprsaidmpgweang up step ¢nalwdes thebogr of thawohggcainplitusialmakyn of
voltage rails for supplyi ower to electrical conponents; a first
connect or mount ed BRAGAT ! 7 FLTBTbE FoBEnprS FEDPRE A Bl poai the
sockets el ectri calhdketBoIREEEFiCAID ShebwPlotAdRa@inpSs supBEPAThE ¥Rldm bend. at

| east one socket electrically connected to a ground o# said first circuit

board; a second circuit board supporting a DC/DC circuit having a plurality

of voItagegputpuyfﬂpgrﬁgggggnpﬁpQgg%g&epggg ,goggﬁgg%d second circuit

board, having a p pins electri‘ca nnected to said vol tage
out puts, respectively, and at |east one pits electrically connected to a
ground of said second ci rcui.li bogrld(,. SﬂLd tseco,ng conqﬁctor el ng a,da[ﬁt ed
to rempvably mate weithSECH PPFENVIEBAREEHGIC YORrEF 151 AT PHPPLEPEPRRRIN
connect or bei ng arbapgesht botherbepuepsysespandi ngly with said sockets in said
first connector; and neans for limting disturbances on said voltage rails
as said first and second connectors are attached and connect said voltage

rails to said voltage ouhputfsr rdfiovalle QRMEGROh SR 1& WORER ReidltOr

limting means includes: . . . _ o
modules (VRMs) to said voltage rail, said connecting means limiting
disturbances on said voltage rail when a VRM is electrically connected thereto
wherein, said connecting means limits the disturbances on said voltage rail by
charging a voltage output of the VRM prior to directly connecting the voltage

output of the VRM to said voltage rail.

10. The power subsystem of claim 9 wherein said circuit board is a system board of

the computer system having firmware mounted thereon.

11 The power subsystem of claim 9 wherein said connecting means powers up the

VRM after the voltage output has been charged.

12. The power subsystem of claim 9, turther comprising a plurality of VRMs each
having a VRM circuit board, a DC/DC circuit mounted on said VRM circuit
board, and a VRM connector attached to said VRM circuit board, said VRM
connector having a plurality of pins, said pins being electrically connected to
respective leads of said circuit board, and said leads being electrically connected
to respective connections of said DC/DC circuit, said pins including at least one
ground pin, and at least one charge pin coupled to a capacitor and coupled to a

lead which is connected to a voltage output of said DC/DC circuit.

13. The power subsystem of claim 12 wherein said plurality of pins further includes
at least one voltage input pin ¢onnected to a lead of said VRM circuit board

which is connected to a voltage input of said DC/DC circuit.



a plurality of charge sockets located in said first connector, and o
connected, respectively, to said voltage rails via a plurality of-7#&gaggfmve

paths; - Z MAR 2005 - 14 a plurality of_gharge pins |located in said second
connector, said charge pins being connected, respectively, to said voltage
outputs, and being arranged to mate correspondingly ~~~ith said charge
sockets; andida pl urt@ pdwer @fibsyspmciftoddim respasinisurl Muﬁéﬂf}n@@;ﬁiﬂﬂfdrmeﬁﬂi.cmdes
charge pins. 18. The device of claim 16 ~~-herein: said first circuit board
further has a vol tfég%asé AppIrolass AP N corsRiga e grlcad et reid YIRM tisaut Board

vol tage supply sockgith @ @ahédi&AblsYid oRANEGHSH of Said B @DYAlifage supply; said
DC/DC circuit further has a voltage input; and
15. The power subsystem of claim 14 wherein said voltage output pin is shorter than

said charge pin and shorter than said ground pin.
16. A device comprising:

a first circuit board having a plurality of voltage rails for supplying

power to electrical components;

a first connector mounted on said first circuit board, having a plurality
of sockets electrically connected to said voltage rails, respectively, and at least

one socket electrically connected to a ground of said first circuit board;

a second circuit board supporting a DC/DC circuit having a plurality of

voltage outputs;

a second connector mounted on said second circuit board, having a
plurality of pins electrically connected to said voltage outputs, respectively, and
at least one pin electrically connected to a ground of said second circuit board,
said second connector being adapted to removably mate with said first
connector, said pins in said second connector being arranged to mate

correspondingly with said sockets in said first connector; and

means for limiting disturbances on said voltage rails as said first and
second connectors are attached and connect said voltage rails to said voltage
outputs.

17. The device of claim 16 wherein said limiting means includes:

a plurality of charge sockets located in said first connector, and

connected, respectively, to said voltage rails via a plurality of resistive paths;



sai.d second connector further includes a voltage input pin electrically
connected to said voltage supply, and arranged to mate correspondi gl ¥ARODh
sai d vol tage supply socket. 14 -

a plurality of charge pins located in said second connector, said charge
pins being connected, respectively, to said voltage outputs, and being arranged to
mate correspondingly with said charge sockets; and

a plurality of capacitors respectively connected to said charge pins.

18. The device of claim 16 wherein:

said first circuit board further has a voltage supply;

said first connector further includes a voltage supply socket electrically

connected to said voltage supply;
said DC/DC circuit further has a voltage input; and
said second connector further includes a voltage input pin electrically

connected to said voltage supply, and arranged to mate correspondingly with

said voltage supply socket.



