;e3e.}**+ $-<.6r.T.Qy.2 6 SEP 2003 HOT PLUG CONTROL OF MULTIZPBOSEREI03
BASED COVPUTER SYSTEM Field of the Invention The present invention

generally rel er systens, particularly to a nethod of
upgr adi ng or %\@ “mwmmmﬁput er conponents. Backgr oundrmmgmm Imnﬂmtl on

ems are often constfucted froma

Moder n conput i cessi ng
units and a nmain connected by a generalised interconnec he bas

structure of a conventl onal multi processor conputer system "16'%"s shown |n
Figure 1. Conput eforsysie codfRonasr MEueTEROCHS SREBAS HD] COMHUrER 12a, 12b,

and 12c which are connected to various peripheral, or input/output (1/0
devices 14 (such as a display nonitor, keyboard, and permanent storage
device), nmenory device 16 (random access nenory or RAM that is used by the
i NEKielBi 5 the naehyi@ut programinstructions, and firmvare 18 whose
primary purposg,d ;% Lo %eﬁlfve%%o@%&!né&%q apedeg@g Q)to' €\ﬂn S¥sk afLom one of the
peri pherals (usua F er nane evi ce &never *t he cdonputer is
first turl??é'(}lé‘i’ilarﬁ’}’o*&fe§si“ﬁﬁl°én?ﬁ §P12%£=1£Ec°-*c@ﬁﬁiﬁﬂléat@w%?¥ ERRPPErtHher al
devices, nmenory and firmmvare by various neans, including a bus 20. Conputer
system 103@ Lave rany additional conponents which are not shown, such as
serial a nnection to, e.g., nodens or printers.
There are ot heloXSRPEIOHE LG FHECIHSgRTS b"ét%i%éen?fﬁuéé?ﬂ dnet iofuthsrhot hose
shown i n gheeblneK ufidgaad Dnabh Gidhoryt,, chbdects@n &,geedipReay adapt er

mght be HsedeLoent nal A dg0rdbanl 8¢ MOnkb ol A THIRLY.SO0LR! | er can
be used t0 access nenory %s e conmputer can a ve nore than
three proRPEERY WHFES 10I #s a‘h§‘y‘?rﬁ§t Fieurgut t | 6?‘%’@§§0?YSGSNF1)° gdmFaveral al |

of the prgeessing unaids <a:ﬁtas)122aar1ebgemar 2dd yhideatké cdhneddeat td aridiey all
use a co pﬁéf% 0F o$UBSSL /Sl LQSH/HFtd Q08 £9¢ P %E%&L%é %198%%&@&,3”0'
gener al | He¢ Samerarchitec Convent i onal stens oft

al | ow t hekey®eprd o a&écPetfl‘“aP%‘f’FoﬁEOWPl ‘Eﬁ}’écébnﬁtﬁﬁ‘eﬁ §e‘aﬂrqeei16 dEerPIBFRCELFm t he
f actory. d?@rrorpeds:r phry alhadeyd @es8d HyhiBe @abBcdiag amaps i tohedrtys bl paBgram

" XPansi Oftiodpize; SC MRS £l Afiab 0 UHS Lo gepgﬂé,dpérpigu QCLHT R L S) RS or
t he Peripheral Conponent Tnterconnect not her conponent that is
comonl y *HRifed RPerAkings E¥sted °ﬁ%rﬁ§r yhe PerEPhesabt %uﬁga]c}fyté}i* made up of
a plural iparmahent ZefiolSEReR06:3 “hererdr \cheDdonpRset Hat fan bernedded or renoved
as desired. Even processing units can be added or swapped out) in nore
recent conputer designs. Expansi on buses such as the | SA and PCl buses were
originally ver?r?‘ieﬁﬁ%)‘ni‘ﬁs 134113 EOBHI PR hPU TR ReFIPRATAR atE 6o he

power ed dosworigefind €iamprpeby pheta@ls dearsceindubithde agded. t @oaputeanByeenf r om

a PCl adapf QfyS1.0%) m@Rd ahQ?ﬂoRQWoﬁgoﬁ&té%ﬁh(éx%bQQE edlolg, QEQ»Q%' ¥ena1
initialise the oper.ating stem and any new peri pheral device.

recent |y, *¥ORAGE lh%?’if\ﬁ/af SORPUITEAE S Ut H as™F9E - P BYLRI~E F%Fr%&ést ers
have beenotderi senbankats caat v ghtdedused renowgdndtriom v tbonipeaeeshawysiermhahi | e

the systepldsk B&'Jléﬁémowrﬂ&ﬁiil{@ s Lhayh eany dE%MyCEdapoE?rrHéBE'wusgﬁQg PC
adapt er sl ot abon t.he bus has a se arate OV%& ine,. a seé)arate r eset

line and SC%ECEch C¢ORNEE P?\ag}" PR 6t 2 ¢ & AP BRWURGS t1e3S1SF to
be el ect rngaryylé sektat edhérompuber REL atjws Jam@ nexxc tharattbdeafpirecedsaner t i on

of a new Bﬁtsdevm:e bR Lhe naheipro?éése?orh%mnl Héhg@PADIh tae Ras never been
expanded to core or |owl evel corrponent as processors, system nmenor

or vol t agB*¥EFELH SPiThddred? (W“eﬁﬁﬁ ‘gﬁnélffs]edt]?% B odiE® I e Febui red
power soufoewhr gféteognedseltofpivetnetyoig agesproWndle B opexaren sahd syst em
RAM can bgegaddedy Afave WafPesho Uk chiteSofR: CONVenti onal systens) these systens
must still be powered down for such upgrades or service. Furthernore,
conponents such as VRVMs are generally not renovable, and any repl acenent
requires fi el dCeeveptienddy compytali frissame e alloyithe crgeliet VRN & HareKsi r ed
idnt_o t)hebﬁélﬁ]tc&@ %éd@%ﬁéﬁﬂﬁnaft@érydeﬂxdé%?:'fﬁm\)’tlﬁlﬁtffa@iﬂr){r Waddk péxipderaanot her PCl
evi ce urt want t aee a defective brocesso y
bank, or g/ﬁf\?l vvft%olﬁtc%e%\?l%cecof“ lesrhreg *“Fo x%ffsmco%pu’t gfcsyasswggn%
(parti cul &rdupstiarfendard @rshifsctuye <a81é)| beﬁtarséweﬁerm% KempeRpRte may be
hundr eds @htdi%8hSedtONPE@Gt 80s ! O ahbthedNEoridefe SIOWRat |I¥ECHRBHLY @datd HpetRor m
such a se{lw ce ogeratl on canr be eé<n'ltorrerrel %< e é\{;e fAI 1ura'11 sfeemns whi ch
are used 'Fni§sTon- Critrcal app ica |ons hlpg?l Hes ra e to be
able to performall mai ntenance or upgrade oper atl ons WlthOUt service
interruption, particularly when it is necessary to replace a defective
conponent. one problemin providing such hot-pluggable devices relates to
control of the voltages and currents invol ved. Individual control nust be
mai nt ai ned for the power characteristics of each hot-pluggabl e device, but
-- 2 0 S E P 200 3 presently ava| I abI e pover suppl y de5| gns are |ncapabl e
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US- A5 87S 308 describes a peripheral conponent interconnect (
architecture for a data processing systemincluding a PCl host §E 2003
nunber of PCl |ocal buses and a PCl hot-plug bridge. Each of the |ocal PCl
buses has an adapter card slot. The hot- Pl ug bridge, connected between the
PCl host bus and the PCl |ocal buses, is“utilized for controlllng power to
each of the PCl |ocal buses, such that a PCI adapter card nmay be renoved
fromor added to any one of the adapter card slots during power up while

t here i s jEmoeessidalle®ndat narnbe hiddeadaptrenovedr as debitesl. edeven ptdressadapt er
card sl oty ERefy Be Tdifachd: UGaGldPBE: A SEORR! ELoESLEIPLY YedRthani th
connector slots receiving feature cards to inplenment functions such as
/0, menmory or the like. A reset control signal issued froman =/o0 bridge
chip is used tExgafbioitbasédasubhnet ithe SISAl a0 @S NGhsdatwkrpr QLGIRANY Aeiy Vity
froma Ca{)%&@a be . r FH.—RV%Qe &‘%‘i?élpéohg&ézf@ St ndd Q_EP lgeh% 4% 200, CBUSI0 the
power to be gradual decr eased reset control al "remai ns active
until theamst Pgﬁﬂi‘lerég rdgviee ronbd &g aftrd he Jrewetyed ’Frs°m| ASRCEl pERPESTN t he

sl ot. Oncerdtheamewhedrgbwesed Rpt aéd;ad(tébobhﬁi)ceartﬁebeﬂy pAVER1ESe RROUght up,

the slot Jgjffrggn g! & st&h SH? J?ﬁ%@x@ &Eﬁarﬁ?e&evi alyo1d QQLéJLQszréo Stecx{:iep Is

deact i vat I'vi dua ot c I sol at e fromothér sSrots

conput er BAFSWERS STBERORSTAE FRaMt e UIPRE -RIFIpERYe "c BF i gdRrfirrBehavisahgfsd I tassut

t he need tiatposerbedanded be witbiré® reonPcenpEest emred@H3e 115458y detacis bes a
met hod fof, 1@%&&%‘%&&&&“ QItrIo%@Dé’ _ sQIv;t%eCir[ %‘A-&pt%}{' Cea LR 8l QL 1N 2
backpl ane of "a conputer system ha powered circult devices

i nter conn%’cﬁ‘tteal‘l’ﬂfa &héo‘tﬁ%u T &BF oh SﬁﬂsrathEC"f?ét hirf efpisdpsate SPERt édPtrol | er
to notifyaida Styﬂ:tcﬁn‘d:cbrk}abtﬂngllthswmtqe&ltﬁe P bos balisngagter, sisernbi b/i ng
the locatipn., 9£az]1g i %g&t r%ﬁvt € pki V%Q%é&’%?é@ﬁ&@'ed ngedt &&&Egn%cf cui t
device into t t n 61f)ane i'le the stem renai ns

detect si@rhew PST SPBVFUEA DY HesBtting a ground 2 6 SE P 2003 4 pin on

t he backpl ane and attachl ng a pull-up resistor such that when a circuit
device is inserie reuit _h been
detected, the g+ostjh%g féégabllhfl%e %lq%?gt?gneteg]&%ﬁ %d t? %A%eﬁetgfsor t he

exi sting bus erat W@P?%F%ﬁb%‘tcd‘ea%u?&%ﬁ%??rﬁovﬁé@tﬁb mEFerY-eSEtVoLh@Ihew boar d.
Di scl osur eepilatée modubsd ((URMs)ACenicth Agd used e preseat tienvedqliirea gwayi des a
met hod of s&ﬁl’c\égyfé}grgnge%ngytﬁec§yestv%m:%%hOL\‘/&hl‘thp@’oEé‘gdrggaz{:&)g}g:témoﬂm\?f the

conput er system _general risin e steps connecting at |east one
conput er ETEENE dt8ras"’68%‘?ch °BF ’t"né"‘&%r’?ﬁﬁ’t"‘é’r‘:l??%]t ENFEHe CIRTHUTNATEmS
conponent mvlibaillsﬂglla beobbvaged i dupuit foxdetiels tupggadzenoe ckiroireof Ihenenipet er
conponent L0, 08 S LR LoRNL S gfwxeilafﬂnhw'reﬁbva&lﬂet s LIS LOMULER:

system supplying power to the voltage i'nput of the conputéer conponent in
response FETEEFH WEtEctINgoSt®p? ‘&’r‘?&lfﬁ’éir éﬁ?’tnérermf’ﬁf‘f%rqhﬁgv%ésH&Xé}"lred
suppl i ed twetd ltge visttage i nput of the conputer conponent, characterized in
that the method includes connecting at |east one hotplugged. |ower-Ievel
non- peri pher al onent, of the c uter systemintqQ.a connector_ on a
syst em board oPn?%g“E%Wt et ‘Eﬁt#n@ha‘ﬁ*ﬁ NF™ant9 AAT VIRERET S6f 199t 871
circuit tbusruotidy mighth went sigppénlarel & agéetts vehprage s sac hnewnpolreit, or
connect edvk®, tlendiws tEA}RAAL M RRGLiOn! NGV GUR) Lymiel) tRkidie supplied

power, | o r ogr anmabl e gate a i ncl udin soft start control
| ogi c adagPﬁlfﬁyﬂrgg’e??/’% ?”e’é"éﬁéeutf& &et? §i iﬁ‘lgﬂ ECTEENINET ot £RRTRPEY P
circuits bneliredsiefushes ppeme of icorpeneind slogurmieeteduived he mydbeEm

board andghen ra%@@dl@etc’s;’petrﬁ@l&{ %ﬁﬁ%eeﬁéééﬂﬁiy Sé:@[%@él%eby A'iHQP':)H Bfst@Rk Of f
signals to enabl e the |ndividual sof

| ogic to FEEPLARES 5 eFath t’“"?f’g‘ﬁ’afsltﬁcﬁlt’h t%l?o“r’f’nst éFtls(:lhrlg}i’ﬁ}t geflcfag’gf)ptl"y
reset si ghalapleote erfofn adl araincénaogetex ubTiedlei opeantiors whthoRorsdyyice

i nclude t hgcst@peQin,t PLisegr Oftf, PAULH Lt O hbEestaky ade iRt Hlackberigonput er
component in response to a determnation that a current level of the power
suppl i ed 8 T HE Vol tage input of the conmputer conponent exceeds a specified
| evel . A fault signal is latched in an active state in response to the

det ermi nati on Ohg%r%marﬁ 18l gfwldtﬁg rseéﬁthd@hgfhgtgaslé:e@m&ntela&eg eqpoved from
the syst em % n? gd altso a%pdl &5 Ota pl Ui(’: 81 1 al co qggﬁpm e
conponent $°WiTer 8t FOEhECP89RT B ppHitERtT ¢8RI S onBSAEHT A s“ AP Vit Gl T

moni t or edmaililtP@leeﬁtftoe‘l tleq pewet charrategletice qeﬁmeph thettWelgee*Pﬁﬁoﬁe\mcs |1PPfany
desired order. A plurality of voltage good signals fromthe conputer
conponents axe consolidated in the control circuit, and the control circuit
gener at es 2 6 S EP 2000 4a a system power good signal based on the
plurality of voltage good signals fromthe conputer conmponents. View ng the
pr esent |nvent| on from a second aspect there |s pr OVI ded ~a _power subsystem

. e g,



2 6 SEP 2003 5 Brief Description of the Draw ngs The present invcgé‘nﬁs'e BN
now be descri bed, by way of exanple only, with reference to pref ﬁEB ZUDd
embodi ments thereof as illustrated in the fol | ow ng drawi ngs: Figure 1 is a
bl ock diagramof a prior-art nulti procéssor conput er system Figure 2 is

bl ock di agram of a power subsystem for a conputer system illustrating the
control and nonitoring of one of a plurality of hot-pluggabl e devices used

by th Ny RN Of, 4D t
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Fi gure genexnitior-iapprepriats statehaighals dongrther giaras sof thstdmbuﬁuﬁ cuit used

to supp&%claay\ﬁ‘é d.9 &JmmmuegﬁbIo@eﬁ@é&hgesyguamaaﬁ%dﬁimvﬂésh

enbodi f the sent ent.i di msnt s of t he

i nvent i ﬂ?'t‘?l °P8F§'F’§R8e noﬁ/ 'P&q ?‘Dgﬁf%”s“p "8ﬁa°°f‘ﬁi%=§ﬁ i coftalrodtidy h

r ef er ertherpdory gbecdenirale ko |E¥"ﬂ’éﬁ? & Bethnde of stk odling otheavpliege
subsystfges csanaaumhgghma ASfived aICa voighrbhByBESSCRL d11%9 I?#Qdixfnggr a

R s e N N A S

depicts o e such
the foldPGRF 8R 94 5he Y gb‘b‘l i d& YRIdRe Furtar B‘F"Wgtﬂ‘ﬁggﬁtﬁ*\s devi ces
t hat nmethed pwwddwib:y handle)\peparge @an ef ncphugaadbilerdevis,| endhe

pr esentmohh¥&n ithanddwye beforppdvead £alLlBOt - pl Ug peripheral devices, it is
particularly adapted for use with non-peri pheral corrponents such as the

central proggs ess or .evyep | over - | evel
corrponen!tos ﬁlﬁkgkgﬁ\%?{;é dggre&%fagtfﬁ’ cﬁﬁa tl'ﬁegee“c?ﬁ fndRe® nay be

r ender @gchiiachueR Fo5 & ao@%"éPFﬁ’é@ FYF‘B"‘S‘“‘%‘F anBeT |hea€|tms ®erial Nos.
'09/ 281 @gfivean L 08¢ 82681 buass andan PHchabplugdeidgy.at Bakh dhecdaPllscaand VRV
may bepéddﬁﬁeerhwrxﬁv sr RGr8OARRCT Ofe ABLHPLEY 2Rage SuShedBcagard. 2 6 S
E P 20Btfedachdigr® 0L E2 e GYBEs SURSY ST, 30 BEd ligea‘ #,single hot plug

contro CII‘ Vld aI ft s rt circu one for each
hot - pl GBRER g!hb%\f"’é’ g?) %‘rl 5rot%F ch‘gwi “38?11@“515 "rs‘h?('ft%cFCISB‘F’tP‘§Fart

Ci r cui 255 My R rempyad FFem Gr| ﬁd‘?ﬁ? FRSEY o PAgene Wieterocakd, FEess32. \When
t he devwocimg poyxasedvliileatiegrr &s Fondisadng| atvobng suthit adtdter’ Pasence

Det ect siﬁiagaaluowtgdf sdeprerden+d aldes becones active. The Presence Detect

| ine has a pull-down resistor to ground on the hotpluggable device. The
signal floa e d Y N sent . and i ded when the
device js %gs\éwr%t 97%;&%4 ﬁ gtc%?béé 9§|p0f:gr FEGET piﬂv%sﬁset FR&95F&Eence of .
devi ce‘%’é‘)s for SRSl Eadsbrat ‘gat"'dél F%&F‘?"%“G“V&H“GH“P’W ﬁ%"kbﬁa\ﬂf"'t o hot pl ug
devi cem@pry o tthet hike. cMGlSFFc Ionkxoldedandlhddsdeadr fimr ahel/owbrgenchigd, only
.one hoiphizga cantnoticier end Fuddelioss oD vbalEithgl Badah pSoiEb NGl BRELvidyorEser it

s adapt&qlataa Isansiéﬁwlzul taeebepmrg Phel 995D 5 ofl AMIeCHSs (aflz eyt ee %PL-“ the
exanpl ‘1':5&9%% S0 #@9&%&'& WL Elayr goﬁ?’c)r 1H01rgpx i’g:ema.-?:t.ro gflgcult 34
can s ue fhe~vp N A ( YerFhed) order.
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_shut s uf,f thofdlost £& tcotplealikd He. bhs abBettid kosdt aldnae erdxodhamitiiagdiot pl ug

Cont r %Ehm Weh oS4 deSal memwauw o cfaheAa ;Qfﬁ%anfml Seid! g1ty Y

ure sho ontro '
confl id‘r RS X %:eem \?‘\nu t%’gg %’gé‘é‘ﬁf i H ﬁ?fdﬁ 87—10?“&% NIRETDI  FPGA
38 is “&Ghﬁ\e"edhﬁoﬁe%@vﬁ%rh‘%ﬁmpﬁe@gab#@ vRNsteRotyspemggabl e CPU nodul es,
etc. Aplurality of Presence Detect signals are input into the soft start

control Ioeuoc $5154403] mcfiaseas h&&oqumutuﬁe%ewﬁh' &Y rgfnomsraecalve sof t
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Figure 4 nt of soft start clrc

o Grandiigaarche SRS GHRRREY BV itpt b aiR 65 e, PARKGLAAGPAEREES | evel
si gnakystet rensibisepoerpdverh NESKET siighallois povided by iimglitieg & ground
HOTPLUG | NPUT_VOLTAGE signal up to the input voltage supplied to the
circuit. In this exanple, the input voltage is 48 volts, provided by a 2
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7 power supply (not shown) connected to an external power source

110 volt ACwall outlet. Alogic circuit 42 (Unitrode part# fbfﬂEF)§003‘
prOV|des a fault output 44 if the voltage across the current sense resistor
41 exceeds a specified level (e. g., 50 . Several conparators 46) 48 and

50 latch the fault signal, and keep it high (active) until the SOFT_START
RESET signal allows it to be reset. As long as the fault signal is active,
hot pl ug control circuit 34 maintains the SOFT START ON OFF signal at the

Low | evel i kpeRs RAONRY sHOWRENCLIPL T ELEACE A o ULBOLRL] updng, T ose!

si gnal actly | vat ed
e

n r,Emy.
det ect ed \7?‘5 ‘fjﬁ BrAS8hE Lip tedt Tno P iR wng' ﬁ% ?ffl'—"“%ﬁ?d cngeot “'E"'H’é“’chthPode
part are besmeeteetady E#Pﬁ @égewoeﬁaﬂ:}erpw aelidhtoforvtliel bupi naiCRBrand

C2N are cenaesdigtidcobas |twErichar gebgidaarEape pover Bp addIRLLL kRe thag

out put topfhgs NMOS pass el enent, and pin SENSE is the sense voltage input
fromsense resistor 41. The capaC|tor val ue on pin CT determ nes the

maxi mum fault tine before retrying; this retry feature is disabled in the

i 1l ustratRisachoxi o d - SOFT START RESET circuitry. The resistance on
pi n MAXI determ nes the maxi mum al | owabl e sourcing current. Pin FLTOUT# is

used for fault,out T ference i gnal s include pin VSS
(the negative r%f tgfggﬁ%lép Lﬁghﬁﬁggﬁ“ Q§v§ ion r?r\?’hf (PH%‘té‘Pglﬁf'd‘FE‘fiéﬁE%(?e for
t he chi p, SSMRAMERE |9§5F?'bé{‘t"f"ﬁ%“‘wii’ﬁ°‘?‘é‘§b§%ﬂ °P%“§}S’Pé?ﬁ R Fatiyutexnsystem,

VRep/ CATHERexAl hre compmisting cfher etrRps POreoprecriagmatngedétXlone adtehpttd St r ophi ¢
fault outduspbnerdthts i NRapa 6seRhe | JBMPHEdx0BysdenY i ﬂ@g&ﬁb&@}%bgﬁeﬂ{equgof

 ndi vi duaf Lgaco kabld naeyéutaageemuea%a 5 Bt hpagabb e devl ces 1T TS

possi bl e séla onvenient) to UsSe ngonen%s suc

hot - pl ugd "I Ce n?he SPeSBn FIVENDT Jifei C™RREYF S¥sFeh| 8URR}Ying
pract i caIH"Sf’eén‘f FhfbEL8ge HGP“bquggﬁblce“%ﬁfc@y“PQFm ipheespP@¥e ite emist | v
nodi f i ed.dedlettigigghtere and e eaftelrasoriceringe s ipheelk \supprieal €4 anee t o
speci fi ¢ v1Ragd TRPES of! Bhé dRpEIerDEoMRInbSE, neaafaeeehztea be &99%@%&&& a

|11 ting s5en5Es }ngaaewn{q@ B bSO L1 T113EL 2900, £ 3 ?'Lgﬁg as wel|

as aIternatlve e | nven econe

per sons §ﬁf“¥’?'e tcﬁ‘g %?Wp“gﬁf)rfytséf'%r‘é‘ﬁ%e@ FB"’E‘?‘F§°ﬂé§‘cF|T?t5|‘=6'h h?l“flh{f the

i nventi oﬁ°mP'c‘“Irss¥?fé“‘ef%‘?@%Eﬁtaé‘rrf)’l’%‘t"éé‘-‘%lh&t’f*s FERThwdFfEicate omeotially be nade
Wi t hout tu2nGerSeEpily?06B:adepte tthagos reanh tdeapatmpecdiinetted R6 CRRNEyddaReNt i ON
as def i nedakd anhecappaneRmlati Aindhitor 2né sApfL Ra2Paber, ~and ofp Ry ]a A

met hod Obrégfa\ﬁh&bw gatsqmuye{ncixﬂmx\fé QQQ&: 'cQ,chzr T&Up%ggaqga@%rg i on of the

comput er gste%esem ”cfeceec & ngi tjr’g A n X | east
one conplf&f  CopBient 164 boar e T‘ﬁﬁ}t F”:’fyg’c’éﬁﬁ‘;i t H@ é%‘ﬁﬂﬁer
conponentBhRACAGEE 95| FAPERERFUFONRRSERE thon fhe Ghrpeam Pesrdhnd to tespoutero
conponenthe rehendso dr tedts shgnal scon taupblicingcon/o£6f siighe) £ @Bparadlle Syt €M

suppl yi ngn@dr@bal Goehesvarkt ep@uk epuanafrdulle cagPsl QBgQQQBOE@,BBna Rl esponse
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turning off power to the voltage input of the computer component in

response to a detexmination that a current level of the power supplied to

the voltage input of the computer component exceeds a specified level. A

fault signal is latched in an active state in rasponse to the

determination; the fault signal is reset when the component is removed
from the system.

The method also applies to a plurality of hot-pluggable components,
wherein the power supplied to each component is individually monitored.
_ The control circuit can Sequence power to the components in any desired
order. A pluralicty of voltage good signals from the computer components
axe consolidated in the control circuit, and the control circuit generates



connecting at |east one hotpl ugged, non-peripheral conponent 02 8 r&EP 2[]03
conputer systeminto a connector on a system board of the conputer system
enabl i'ng an individual soft start circuit to snmoothly turn on supply
voltage to the or each conmponent connected to the system board and to

i ndividual ly nonitor the supplied power; and enploying a programuabl e gate
array including soft start control |ogic adapted to receive presence detect
signals fromthe soft start circuits |ﬁ&|cat|ng t he presence of conponents
connected to the system board and to respond to the presence detect signals
by supplying on/off signals to enable the individual soft start circuits,
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system board connectors and te individually monitor the supplied power:;
and a programmable gate arzay, the programmable gate array including;
soft start contyol legic having a plurality of presence detect inputs
adapted to receive presence detect signals from the soft staxt circuits
indicating the presence of components connected teo the system boaxd
connectors aad to respond to the presence detect signals by supplying
on/off signals to enable the individual soft start circuits, and fault
contzol logic adapted to receive fault signals from the soft start
circuits and to respond to remeoval of computer components by supplying
reset signals to the soft start cirxcuits.

It is an advantage of the present invention to provide an improved
method of wpgrading and servicing components of a computer system.

It is anothexr advantage of the present invention to provide such a
method that allows a wide variety of computer components to be upgraded or
serviced, without interrupting system operation.

Furthermore, it is yet another advantage of the present invention to
provide such a method that carefully contxols and monitors the power
supplied to any such hot-pluggable devices, individually.



generating a system power good signal using the control circuit %&@EPﬂZDUB
the plurality of voltage good signals fromthe conputer conponents. 8. A

power sub-system for a conputer system said power sub-system conprising: a
circuit board having at |east one connector for receiving a conponent of
the conputer system said conputer conporgéent having a voltage input; a
control circuit for detecting connection of the conputer conponent to said
circuit board; nmeans for supplying power to the voltage input of the

conmput er copenant. i N LGSHORSE 1484 Lction of the connection; means for
moni torin , ! ) ol tage input of the conputer
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circuits a&%&g@&gt grggnggabl ed to smoothly turn on supply voltage to
conponents connected to the system board connectors and to individually

noni tor the supplied power; and a programmabl e gate array, the progranmabl e
gate array inclridureg;1 S6f 4 mbaktdiagrin of 4 @aicr-havi mg tappddesabl tapmplter
presence d&}agg&, i nputs adapted to receive presence detect signals fromthe
soft start circuits indicating the presence of conponents connected to the
system board connectors and to respond to the presence detect signals by
suppl yi ng on/ of figairgnalis bvcenabig@anhe bngbwerdsidsysodd £6¢ af teofpureti t S; and
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embodiment of the present invention;

Figure 3 is a pictorial representation of one implementation of a
field programmable gate array used with the hot-plug control circuit of

Figure 2; and

Figure 4 is a schematic diagram of a soft start circuit used to
supply power to a hot-pluggable device, in accordance with one embodiment

of the present invention.

Description of Embodiments of the invention
With reference now to the figures, and in particular with reference

to Figure 2, there is depicted one embodiment of a power subsystem 30
constructed in accordance with the present invention, for a computer
system having a plurality of hot-pluggable devices. Figure 2 depicts only
one such hot-pluggable device 32, but it is understood that the following
description applies to any number of hot-pluggable devices that may be

provided by the overall computer architecture.

While the present invention may be applied to hot-plug peripheral
devices, it is particularly adapted for use with non-peripheral
components, such as the central processing units (CPUs or processors), or
even lower-level components like a voltage regulator module (VRM). These
components may be rendered hot-pluggable as described in U.S. Patent
Applications Serial Nos. 09/281080 and 09/281081, which are hereby
incorporated. The CPUs and VRMs may be added or removed using connectors

mounted on a system board.



9. A power sub-systemas clainmed in Claim8 further conprising
turning off power to the voltage input of the conputer corrponererEaSEi:pzoos

response to a determ nation that a current |evel of the power supplied to
the vol tage i nput of the conputer component exceeds a specified |evel. 10.
A power sub-systemas clained in Claim9 §urther conprising: neans for

| atching a fault signal in an active state in response to the determ nation
that the current |evel exceeds a specified level. 11. A power sub-system as
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conponents in a pre-defined arder.. %2. A Eower sub- s&/_stem as claimed in
Caim 1l fIFPERRY AP f nd ombtMHY A% E8hS G PERIT ARG pf Ur @RFt§PT0f3ShI t age
good si gnales-prapabhe deonpet3@) . crponant 8; daride nedng doonegterder a¢itngtart

Syst em povar gp0QdeSt gnals, basede oy thendliupd byefe YL 206adA0d £ .9N@heh
fromthe conputer conpqnents. .. A et hod servicing a conmputer system

( . 13 t hod of
wi t hout i rithér PEPESenYS SF8FET i%n® IO EREPTOAPULEPT SFs PR Ts afRf mBt HR5TCe
conpri si ngpdtleet Stsdpsalbfoucpwindetm igvate |3@abécwre TWwipe! elfhe Gypomerd Detecx

board of tigCRIPUL £H115%8IE Ve st BeorC OIYHGRd CABRNEREL NRYAGE AeV¥Ald 20fhe
I nput; detecting _connection of the conputer conponent to the system board

using a cdftorat TieFERi B S ES ¥t af 1P s PETER 1 APpt ¥ iTRG RS Cohe
vol t age i mavicefid peesovtrput @rceciornpdng rdonitpok esponise 34 glesacts dbt auielsegrsst ep;

moni tori ng,¢ e, PA8E, SuPRL:RA st SodNSe ¥l Lag& NPt i RELGOTRU ETeo
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of f power to the voltage input of the conputer conponent in response to
sai d As noted, only one hotplug control circuit 34 is provided in this
embodiment, however it is adapted to handle multiple hot-pluggable devices
(17 devices in the example discussed in conjunction with Figure 3).
Hotplug control circuit 34 can sequence the voltage to the devices in any
desired (pre-defined) order. Hotplug control circuit 34 also monitors
soft start circuit 36 for faults via a "Fault" signal. If a fault is

detected, hotplug control circuit 34 shuts off soft start circuit 36.

In the illustrative embodiment, hotplug control circuit 34 is
implemented with a field programmable gate arxrray (FPGA). Figure 3 shows a
detailed plan of a hotplug control FPGA 38 configured in accordance with

the present invention.

Hotplug control FPGA 38 is adapted for use with hot-pluggable VRMs,
hot-pluggable CPU modules, etc. A plurality of Presence Detect signals
are input into the soft start control logic 35, which has as its outputs a
plurality of respective soft gtart on/off lines. A plurality of fault
signals are similarly input into the fault control logic 37, which has as
its outputs a plurality of resgpective reset lines. The voltage good
signals from each hot-pluggable VRM or CPU quad are respectively
consolidated in power good control logic 39, which generates the Power

Good signals for the rest of the system.

Figure 4 depicts one embodiment of soft start circuit 36. The
SOFT_START_ON/OFF signal is an LVITL (low-voltage transistor-transistor
logic) level signal that enables a power MOSFET 40 to smoothly bring the
HOTPLUG_INPUT_VOLTAGE signal up to the input voltage supplied to the

circuit. In this example, the input voltage is 48 volts, provided by a



det erm ni ng step; 26 SEP 2003 -12 latching a fault signal 4 V.
state in response to said determ ning step; detecting renoval ZthSi'fP 2003

conput er component; renoving the conputer conmponent fromthe system board,
and resetting the fault signal in response to said of detecting renoval of
t he conputer conponent. 14. The net hod of 7cl ai m 13 wherein said connecting
step connects a CPU nodule to the system board. 15. The nethod of claim 13
wherein said connecting step connects a voltage regul ator nodule to the

system board hod S n stemw thou
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steps of: éb‘?\n@étﬁllfﬂfgwalbl%téﬁty of conputer conponents to the system
board, each conponent having a voltage input; detecting connection of each

of the conputer ,c onent s g the control ,circuit;
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steps Of: circuit 34 maintains the SOFT_START ON/OFF signal at the low level to keep
the power HOTPLUG_INPUT_ VOLTAGE 43 turned off. The reset signal can be
activated upon, e.g., removal of the device which is also detected via the

Presence Detect signal.

Pins C1P and C1N of the Unitrode part are connected to an upper
charge pump capacitor, while pins C2P and C2N are connected to a lower
charge pump capacitor. Pin OUTPUT is the output to the NMOS pass element,
and pin SENSE is the sense voltage input from sense resistor 41. The
capacitor value on pin CT determines the maximum fault time before
retrying; this retry feature is disabled in the illustrated embodiment by
the SOFT_START_RESET circuitrxy. The resistance on pin MAXI determines the
maximum allowable sourcing current. Pin FLTOUT# is used for fault output
indication. The reference signals include pin Vs; (the negative reference
for the device), pin Vor (the ground reference for the chip, which is
floating with respect to system ground), and Vge/CATFLT# (the output

reference for programming MAXI, and catastrophic fault output).

Thus the present invention provides an effective method of
individually controlling voltage sources to hot-pluggable devices. It is
possible (and convenient) to usgse components such as CPU modules and VRMs
as hot-pluggable devices. The present invention is also scalable to
practically any number of hot-pluggable devices since the FPGA is easily

modified.

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. It

is therefore contemplated that such modifications can be made without



connecting a plurality of conputer conponents to the systemb
conponent having a voltage input; detecting connection of eacgﬂaﬁSEﬁzﬁbua

conput er conponents to the system board using the control circuit;
suppl yi ng power to the respective voltage j nputs of each of the conputer
conponents in response to detection of a given connection; nonitoring power
supplied to each of the voltage inputs of the conputer conponents;

consol i dati ag%giu%alité of volta%e good signals fromthe conputer
conponent s,” Fi- the Comt r8f P8 f% FhaRyesent gnBERiBufda3 dedthegenechki Ng a
syst em powerrgedad slaival. using the control circuit based on the plurality
of voltage good signals fromthe conputer conponents. 18. The net hod of
claim17 further conprising the steps of: determning that a current |evel
of the power supplied to the voltage input of a given conputer conponent
exceeds a specified level; and turning off power to the voltage input of
the given conputer conponent in response to said determning step. 19. A
power sub-system for a conputer system said power sub-system conprising: a
circuit board having at |east one connector for receiving a conponent of
the conputer system said conputer conponent having a voltage input; nmeans
for detecting connection of the conputer conponent to said circuit board;
means for supplying power to the voltage i nput of the conputer component in
response to detection of the connection wherein said supplying neans
includes a control circuit having a



field programmabl e gate array; and neans for nonitoring the po @ﬁla "
to the voltage input of the conputer conponent. 20. A power su\t,)\{zyszt f ﬁ{""

a conputer system said sub-systemconprising: a circuit board having at

| east one connector for receiving a conmponent of the conputer system said
conput er component having a voltage inpgt; neans for detecting connection
of the conputer conponent to said circuit board; neans for supplying power
to the voltage input of the conputer conponent in response to detection of
t he conel@émbon; neans for nDnltorlng t he power supplied to the voltage
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I nput t he "conputer conp seto a erm

currentcohqmedrsgitemhaubﬁwﬁfodmmhsm@th@stéﬂsbeoﬂ/ol tage input of the conputer
conmponent exceeds a specified | evel; means for |atchi rf],gz a fault sugnal in
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exceedSeom Q:bfdpggedt%@ih a%@{aggaﬁ gi;for resetting the fault signal in
response to det ecting F t he corrputer conmponent has been renoved fromthe
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syst emthgg?lq &gpagye% .emconprising: a circuit board having at |east one
connect of T of el vi'ng a conponent of the conputer

supplying power to the voltage input of the computer component in response to said
detecting step;
monitoring the power supplied to the voltage input of the computer component;

connecting at least one hotplugged, non-peripheral component of the computer system
into a connector on a system board of the computer system;

enabling an individual soft start circuit to smoothly turn on supply voltage to the or each
component connected to the system board and to individually monitor the supplied power; and

employing a programmable gate array including soft start control logic adapted to
receive presence detect signals from the soft start circuits indicating the presence of components
connected to the system board and to respond to the presence detect signals by supplying on/off
signals to enable the individual soft start circuits, and fault control logic to respond to fault

signals from the soft start circuits to supply reset signals to the soft start circuits.

2. A method as claimed in Claim 1 further comprising the steps of:

determining that a current level of the power supplied to the voltage input of a
connected computer component exceeds a specified level; and

turning off power to the voltage input of the computer component in response to said

determining step.

3. A method as claimed in Claim 2 further comprising the steps of:
latching a fault signal in an active state in response to said determining step;
removing the computer component from the system board;
detecting removal of the computer component; and
resetting the fault signal in response to said step of detecting removal of the computer

component.



system said conputer conponent having a voltage input; neans f?ééigbe bi ng
connection of the conputer conponent to said circuit board, mea § 03

suppl ying power to the voltage i nput of the computer component in response
to detection of the connection; and nmeans for nonitoring the power supplied
to the voltage input of the conputer cqgronent; wherein: said circuit board
has a plurality of connectors for respectively receiving a plurality of
conput er components, each conponent having a voltage input; said detecting
means det ect sA owstimelcas daingfd inaaty wEcading demp wtherei sarg eoemtcting stephenoést ai t

boar d; i-d_ suppl yi n ans _supplies power to the respective voltage inputs
of eacﬁﬁgf“Fﬁ&ﬂﬂ8ﬁ@igégg%§%5§nents in response to detection of a given
connection, and wherein said supplying nmeans sequences power to the
conmponents in a pre-defined. order; apd said npnitoring neans individually
moni t ors powet MmN asedpimed dmany efe odais k lagb Wheisit Said fonneeting R pespnects
ConponQP&§MggﬁzuﬁWHQH&gﬂéRﬂhﬁ¥$&&H%Bﬁﬁ a conputer system said sub-system

[ a §ircuit avi

conpri si ng: oard ng at | east one connector for receiving a
conponent of the conputer system said conputer conponent having a voltage

i nput; ans tin n I gn_of C er n | d
ci rcul (& boar d Tl 5F g I TRER B Berch e OMRAGH P TRARRES bygto'a
conput grluratitypdiveniponents aspprestefined defeect i on of the connection; neans for
nonitoring the power supplied to the voltage i nput of the conputer

conponent; wherein: said circuit board has a plurality of connectors for
respectivel y & gfe@iod 83@13med Ul €laith)s Rith&UTRIprRIngARERepEst S, each conmponent
havi ng a vol tage jnput; said detecting neans detects connection of each of
t he conput er coBsRligatng 8 plusality of voltage good signals from the computer components, in the
control circuit; and
generating a system power good signal using the control circuit based on the plurality of

voltage good signals from the computer components.

8. A power sub-system for a computer system, said power sub-system comprising:

a circuit board having at least one connector for receiving a component of the computer
system, said computer component having a voltage input;

a control circuit for detecting connection of the computer component to said circuit
board;

means for supplying power to the voltage input of the computer component in response
to detection of the connection;

means for monitoring the power supplied to the voltage input of the computer
component,

connectors mounted on a system board to receive hotplugged, non-peripheral
components of the computer system;

individual soft start circuits adapted to be enabled to smoothly turn on supply voltage to
components connected to the system board connectors and to individually monitor the supplied
power; and

a programmable gate array, the programmable gate array including;

soft start control logic having a plurality of presence detect inputs adapted to receive
presence detect signals from the soft start circuits indicating the presence of components
connected to the system board connectors and to respond to the presence detect signals by

supplying on/off signals to enable the individual soft start circuits; and



the circuit board; said supplying neans supplies power to th tn
vol tage i nputs of each of the conputer conponents in responsg @gsggmn

of a given connection; and a -15 said nonitoring means individually

nmoni tors power supplied to each of the voltage input of the conputer
conponents nmeans for consolidating a plgr-ality of voltage good signals from
t he conputer conponents; and neans for generating a system power good

signal based on the plurality of voltage good signals fromthe conputer
conmponent's. Z8ult sowfealj lesiccasiapted Sorigeeiye éatgtcs;gnalb%ram thrasethgtagt prawitalangdyto of
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I nput of the given conputer conponent exceeds a specified |evel; neans for

| atching a fault signal in an active state in response to the determ nation
t hat

10. A power sub-system as claimed in Claim 9 further comprising:
means for latching a fault signal in an active state in response to the determination that

the current level exceeds a specified level.

11. A power sub-system as claimed in Claim 10 wherein said supplying means sequences

power to the components in a pre-defined order.

12. A power sub-system as claimed in Claim 11 further comprising:

means for consolidating a plurality of voltage good signals from the computer
components; and

means for generating a system power good signal based on the plurality of voltage good

signals from the computer components.

13. A method of servicing a computer system without interrupting operation of the
computer system, said method comprising the steps of:

connecting at least one computer component to a board of the computer system, the
computer component having a voltage input;

detecting connection of the computer component to the system board using a control
circuit of the computer system;

supplying power to the voltage input of the computer component in response to said
detecting step;

monitoring the power supplied to the voltage input of the computer component;

determining that a current level of the power supplied to the voltage input of the
computer component exceeds a specified level;

turning off power to the voltage input of the computer component in response to said

determining step;



the current |evel exceeds the specified |level; and nmeans foregr ' e
fault signal in response to det gcti ng that the conputer conpgrﬁﬁglr?azggggn
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10G The met od of claim 17 further comprising the steps of:
determining that a current level of the power supplied to the voltage input of a given
computer component exceeds a specified level; and
turning off power to the voltage input of the given computer component in response to

said determining step.

19. A power sub-system for a computer system, said power sub-system comprising:

a circuit board having at least one connector for receiving a component of the computer
system, said computer component having a voltage input;

means for detecting connection of the computer component to said circuit board,;
means for supplying power to the voltage input of the computer component in response to
detection of the connection wherein said supplying means includes a control circuit having a
field programmable gate array; and

means for monitoring the power supplied to the voltage input of the computer

component.

20. A power sub-system for a computer system, said sub-system comprising;:

a circuit board having at least one connector for receiving a component of the computer
system, said computer component having a voltage input;

means for detecting connection of the computer component to said circuit board,;

means for supplying power to the voltage input of the computer component in response
to detection of the connection;

means for monitoring the power supplied to the voltage input of the computer
component;

means for turning off power to the voltage input of the computer component in response
to a determination that a current level of the power supplied to the voltage input of the computer
component exceeds a specified level;

means for latching a fault signal in an active state in response to the determination that
the current level exceeds a specified level; and

means for resetting the fault signal in response to detecting that the computer

component has been removed from the circuit board.
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22. A power sub-system for a computer system, said sub-system comprising:
a circuit board having at least one connector for receiving a component of the computer
system, said computer component having a voltage input;
means for detecting connection of the computer component to said circuit board;
means for supplying power to the voltage input of the computer component in response
to detection of the connection;
means for monitoring the power supplied to the voltage input of the computer
component; wherein:
said circuit board has a plurality of connectors for respectively receiving a
plurality of computer components, each component having a voltage input;
said detecting means detects connection of each of the computer components to
the circuit board;
said supplying means supplies power to the respective voltage inputs of each of

the computer components in response to detection of a given connection; and
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means for detecting connection of a given one of the computer components to said
circuit board;
a control circuit having a field programmable gate array supplying power to the voltage
input of the given computer component in response to detection of the connection;
means for monitoring the power supplied to the voltage input of the given computer
component;
means for turning off power to the voltage input of the given computer component in
response to a determination that a current level of the power supplied to the voltage input of the
given computer component exceeds a specified level,
means for latching a fault signal in an active state in response to the determination that
the current level exceeds the specified level; and
means for resetting the fault signal in response to detecting that the computer

component has been removed from the circuit board.



