;[\ e3eVS\"~*6" T8=21 FEB 2003 COVPUTER ARCHI TECTURE FI ELD OF THE | NVENTI ON
The pr'esent invention relates to conputer systens and nore particul qrj YER 2003
keepi ng a conputer system operational after a power supply failure.
.BACKGROUND Conput er systemnms, from snall handheld el ectronic devices to
medi um si zed nobil e and desktop systens to | arge servers and workstations,

Cvpi cal Ly el ude one or more. processors. A processor mant pul =t AMRLNIHN
controls the flow of data in a conputer. Typically, if a processor fgiks,
the conputer systemfails. Processor failure may occur due to) for exanple)

failure of one or nore power supplies that supply power to the
Power supply failure may be the result of a manufacturing def ecm 'mmmmm%’m
t 0

operation, normal end of life fail t be the resyl

user turning off the power suppl ﬁ—é@%ﬁb@éﬁ%ﬁ@é@rw ce the corrpuof’
system When a power supply faitgumplreeRpgctiage iREtSs supply vol tage may
fall bel ow the m ni num nom nal Operating voltage required by the processor.
Al ternatively, power supply failure may result in the magni tude of the
supply vol tage risi '9 xi mum nom nal operating voltage of the
processor. ocessor may fail, bringing down the entire
conput er system SHM%E%SEH Eb&tlowwéméowmmwmemoaﬂdedo@y a first
power supply activates a driving signal. The drivi ng |nd| é s that
both a second maotimdaruspkeeniod PAPEHAR" FySigm Ope’ﬁ“ % 26(%’ ﬁ?

greater than 2 lEeference vol tage and an enabl e si gnal is active. A dr| ver
transfers an dft'fift signal when the driving signal is active. O her
features and advant ages of the present invention will be apparent fromthe
acconpanyi ng dég(\é\nKnG S SRJ% the detailed description that foll ows.

Computer systems, from small handheld electronic devices to

medium-sized mobile and desktop systems to large servers and
workstations, are becoming increasingly pervasive in our society. Computer
systems typically include one or more processors. A processor manipulates
and controls the flow of data in a computer. Typically, if a processor fails, the
computer system fails.

Processor failure may occur due to, for example, failure of one or more
power supplies that supply power to the processor. Power supply failure may
be the result of a manufacturing defect, improper operation, normal end of life
failure, or it may simply be the result of a user turning off the power supply to,
for example, service the computer system. When a power supply fails, the
magnitude of its supply voltage may fall below the minimum nominal
operating voltage required by the processor. Alternatively, power supply
failure may result in the magnitude of the supply voltage rising above the
maximum nominal operating voltage of the processor. In either case, the

processor may fail, bringing down the entire computer system.

SUMMARY OF THE INVENTION
A component powered by a first power supply activates a driving signal.

The driving signal indicates that both a second power supply voltage has a
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BRI EF DESCRI PTI ON OF THE DRAW NGS.The ,present invention is illustrated by
way of®exanple and not limtation in the figures of the acconmpanying 1 FEB 2003
drawings in which like references indicate simlar elenents and in which:
Figure 1'is a nmultiprocessor conputer systemformed in accordance with an
enbodi nent of the present invention;, and Figure 2 is a circuit wthin a
processor of Figure 1 fornmed in accordance with an enbodi nent of the
present invention. DETAILED DESCRI PTION I n accordance with an enbodi ment of
the present invention, a multiprocessor conputer systemincludes two or
nore processors that communicate with each other, as well as with the rest
of the conputer system via input-output (1-0O signals across a system bus.
The conputer systemincludes an |-0O power supply that supplies power to '
each processor of the system The .- I | dRpal Readuower used
by the proces§waEitEee realer RE 9 fe(f)efs%gé%gp@goénH{qﬁg)ﬁsﬁa%émg%us. The conput er
system addi ti gnak/ yahdielsustesuper eigpalehers tppiiésg siame! forcl®&eh processor of

the nulti processor system The core power plies .p i ower used
by the processor c6ther festuses pa¢ r‘?ldg?g‘ﬁﬁ?s ,Ofstg%o%rﬁg?trfégﬁ’atgcﬁ %plg%egssor of the

nul ti processor_ syst i nelu Qﬂﬁn iOBnEith€ defailed dussriptsml Bt on
circuit hel ps %Bgﬁ”g\??é’m ?Alet gg%sr@%m atdegr%mgcessor fromcausing the entire
mul ti processofngeEputer systemto fail after a core power -2_ 21 F EB
2003 supply failure. Wthout bus isolation circuitry, there is a danger
that failure of one processor, due to, for exanple, failure of its core

power supply, Jmy e adcRierexsoemHEsRRWINGS exanpl e, grounding the system
e

bus. Groundin m bus prevents other operational pro om
conmuni cati ng wi t h Toeeprasenthieventiog i HESEHEL dw Wﬁ%,otf Fﬁ%’?‘@b@a%&ﬁﬁgﬁrﬁgﬁ%\/\n
the entire conpyter syst LSAh@tARANGS 116 Witich e rdeenaet dgiicatgat e
and a driver, Wﬁé@#‘%‘f’ e\ﬁhcﬁgheércgblﬁg\%\gge% by tn%e | -O power supply. The logic
gate acti vat essj@iish élehiegtsiagaiah witiah: i ndi cates that both the core power
supply to the processor is operatianal 8 15HeBalin facesrdbhee
processor core is &Q4¢e! rs—m@ﬁﬁ?ﬂ?@?ﬁ%%ﬁ%"ﬁﬁ%ﬁ erés an out 6rt]Jt signal from

the processor gare.todemeyssemessamanventiendendi ng signal is active. A
nmore detail ed description of enbodi nents of the fq_r.esgnffgrmé%%i on,

i ncl udi ng various dagdreglisaa Fioei! WREIN MPICERRIR Y IdHE® § ' PIF6vi ded bel ow.
Figure 1 is a multjprocess ekt SYiBEeé@itBentidnaccor dance with an
enbodi ment of 39&" ége\%‘?n |8’r:'1veen I on 1 n whi gﬁbl -O power supply 140 provides
| -O power to processors 100-103. Core power supplies 150-153 provide core

power to processors 100-1 Prriz@ecti vely. Processors 100103 are coupled to
each ot her an@ﬂ_ﬁﬁﬁﬁ%—%—u S system bus 180. Bridge 110 is used to
coupl e system bus 18Q.8,d5RtE wibn® embbdineerd df ohe ppesieinpieealionud t hat

i ncl udes peripheral conponents 120, 122, and secandar i
Secondary bri dgeltib®tesstptespyige systeihRsiudes e Pbm;&és(eéggk a%ﬁﬁ%

i ncl udi ng keyboard 13 LRA o NEmRE el 3k, waRdhérestit todthel 3@mplteraccor dance
wth one enbod‘i:?FBrﬁ’nggte[ magraggé)nt I nvention, the conput erTE%St em gef Fi gure

1is a server gymrnviaRnputtdutsute(iSddtionaiy aciespta pYEeE(ftEnt 'ReEyBERFE and

monitors are coupled to the system FE her . & Waenb edcheraysdsem of
Figure 1 is a SWh&BrRgHEss aﬁjtczlpr?éﬁerr?ghgl?;mél%%upr@gpi%%ﬁde ea hgjrrd drive.

Peri pheral conpoRgnysieh?0TABICLB8wer supply provides the power used by the
processors to drive the I-O signals on the system bus. The computer system

additionally includes core power supplies, one for each processor of the

multiprocessor system. The core power supplies provide the power used by

the processor cores to perform signal processing.
Each processor of the multiprocessor system includes a bus isolation

circuit. A bus isolation circuit helps to prevent its associated processor from

causing the entire multiprocessor computer system to fail after a core power
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-3 21 FEB 2003 may i nclude graphics accel erators, video input devic§§
audi o i nput devices, or other digital signal processors. Each of pro7<: 5%2@3
100- 103 of Figure 1 includes a region that perfornms the majority of the
signal processing for the processor, including the storing of data in
registers and on-chip caches, instruction decoding, scheduling, and
execution. This region is referred to as the processor care. Each of
processors 100-103 additionally includes a region that perforns the
majority of 1-O signal driving, including electrostatic discharge (ESD) *
protection circuitry for I-O ports of the processors, output signal
boosting and i nput signal conditioning. This region is referred to as the
processor |-Oring. Systembus 180 of Figure 1 is coupled to the I-O ports
of processors 100-1Q03. |5 %&1%1 ithyS 1R ¥ adidrRet bt Faildrg bhgs of
the pr ocessor%‘fppihéa'@é?'e\/@&%gr%éapp |1§\sﬁ%§g|} '53 are coupﬁged to the cores of
t he processorgpd bf@&lgog)(mertosimppazlxyn’ip#mdaih@@pf §s 6ATe RBWBF BeRRIGIPRY 1988 one
enbodi ment of the present inventio the 1- y I s equal
to the core phResyS&IPRYP W@P‘?ra@’@mggr QQQHB%WgrtR%gg%tgﬁpngﬁ% ge%@%g%}%ggnt

i nvention, the |- r o ®nia$ pceasens frdrancdrhmucisaiingeer
supply vol tag%YStﬁng%@r%%%Fﬁth ,ptezgch ofp Pov,ver supplies 140 and 150-153
are i ndependenté wnofrerata theasysterorbusn tharelet Hé@%”%ﬁﬁ&@‘i HEHRNT§ ARMPYS power
supply is additionally coupled to the bridge of the conputer system The
aver age power S¥ofSumed by the core of each of processors 100 103 of Figure

1 is typically nuch gierbetion kaouit melumes =alggicraate @ndchglivesdbel aftvehich O

rings of the processors. For fhis reason, -the denan - Fei plies
150-153 i s gree pewerashby He ‘o‘éWF&HPP’YO@&%&%ﬁpB%Fgﬂ?ﬁ% 8 Viiglsigntt
core power SUP,gahiiﬁoﬁ %ég-tﬂét%&ﬁ%mbﬁe poweeRig) ® the fracksst.is Whertiandor e
power supply I'I's f econmes no | onger operatlongg%ggétﬁwas oci t%d

r

processor fai badas eedble sbnapfreveite ROFEHSCELC S FtVELUE g t he
entire conputer systemtaq fai. Sre 14 9Re E0StehnBlsid@en bus

i sol ation ci ré’ﬁf‘?%”rs- AN 0@&“‘%&@%8@&%8?@%‘?& ion ci ?cgi t i sol at s system
buts 180 from ?m@dﬁ\p;ﬁgﬁ%@ iscfga:t_'e/esugh that core power supply failure q?es

W thin procsssor 160mRES BrUTRESEBIES o Ry ErSnD] URgpRsepnEeien

o beassor . H e e 4 <ot 6. gt apn 5
150|,O processors 10Figi08 ‘m'§yasfi‘li"ﬁwroééﬁ%r'nr)ﬁo@g’c”éera?y&ﬁﬂn39@%?7?%%@@@6,&égg ?/ong
as their respective cqre. 1 89 i eRtioP el ahichnad. poliisupplyet4Gonput er
syst em r enai né""&’p%f? gpﬁoooﬁérﬁgégg%fﬁﬁ?%p%%gﬁﬁfenére pr 0CesSOr 'S failing, Note
that for some ghesd mEnbswef td heoopseere ntOG- Hide nfiosh POVVEE sé'%lieéni %ﬁ'&sﬁgy fail
upon failure of a core power supply_not. be st Bssoroeoones

| oaded but beda@¥de ©A9Ee PAVPEH BF‘%@&@SH@Z@%?%‘%@%?%me\nmc(i:e error. For

these enbodi ”ﬁ'btssﬁrea?&bfﬁéoem Midhhotaef ahd edbddgee 1 power systeplbpsidp. Ridae
becone operational after rebooting the cegbnput er s§st m11l1:iag][rt%§ shows a
bus i sol ati on Tiorisviseduiotaaupleps WRFELYS 1H0'G RANCCE PAhce 'Wi'th an embodi ment
of the present_invention. BRI eoldneatsc 02| €20, tamdosexoodanyor e
power supply i%‘ﬁ%gb%r% tpé%!:rﬁh%g\égélerghectri i’gﬁ y conductive pin or gad) of
processor 100.pridgee! PhwsSecsngmy pridge 120 pmeupes the e Pher @SE? 3cE8BY9Yor e
of processor 100, level shifte 2 | 3405 LG GHBRIAAR, 200, each
of which is cdois 'éG'UFH“QO‘t‘@’bGF‘“{résg' %’8%%' g’{}f}% U'i3r11|'ou? ports of the
processor. |-0 powgl, sidBRiancd4Mitn sndlermodipugited the prasendinveptien.gbder suppl y
i nput ports of processor 100. |-0O power suppl

140_suppl i to | evel
shifter 202, reshmiter systeloesf Bigure éﬁrﬁéteé‘teérsygt@m' ARD %ng%fg%m put
driver 203, and ESD protectio [ . Eq whitied sy gemoupbred t o one
or nore power @Hﬁ'ﬁ%g‘i‘%&y%%arr}gggﬁpcﬁﬂ@g&p?gﬁ‘%gg%‘?. An enabl e_signal from
]the IprO(r:]efssor g,q)gtﬁe,oém%gﬁ@&ﬁ?heth ofF Figuwre 1ds jiaswpiketatiged Bxéeak inpu'Ej dof
evel shifter 202. An input_ of conparataor 200 .i reg| adder
211. The out pumedforxtd@ﬂdﬂal(md%?ogﬁ?@g%?'e ef'%ﬁ%r%gggjf"stgﬂée&sr?%gta?dg?szND |
gate 201, and the other input of AND gate 201 is _ 5 21 FEB 2003 coupl ed
to the output of |evel shifter 202. The output of AND gate 201 is coupl ed
to the control input of output driver 203,.sand the input of output driver
203 receives an output signal fromthe processor core of processor 100. The
out put of output driver 203 is coupled to external system bus 180 via an
| -O port (such as an electrically conductive pin or pad) on processor 100.
ESD protection device 212 is coupl ed between the output of output driver
203 and the I-0O port of processor 100. Resistor |adder 211 is used to set a
reference voltage derived froml-O power supply 140. This reference voltage

v Y o . P .



For one enbodi nent of the present invention) the reference voltage is set
to the m ni mum nom nal operating voltage of the processor core (plus?4drs 2003
smal | guardband, if desired). For this enbodi nent, an active power good
signal indicates that the core power supply is operational. For an

al ternate enbodi nent of the present invention, an additional conparator is
used to determine if the core power supply voltage fromcore power supply
150 of Figure 2 exceeds the maxi mum nom nal operating voltage of the
processor core (plus sonme snmall guardband, if desired). For this

enbodi nent, the output of the additional conparator is ANDed by an AND gate
with the output of conparator 200. The output of this AND gate is the
power - good signal indicating that the core power supply is operational. -6
21 FEB 2003 For an alternate e 0B fect RBuPi@sesy, audiceinpiuodevinewhi ch
core power suppf¥' eogra%ﬁqgcﬁrég%%%gvi'des a ﬁegati ve voltage to the
processor cor &, 4ther epjepERinal pastess@Etes a power good signal that indicates
that the core power supply volta i ess: eefer tiyAl t age. For
anot her enbodi nment ,an@n?fam&tze%%gg02%85#’33’@?%:" P”ggjger 21% are renoved, and
core power SUDFgl ,,:lnéqhg%gﬁuw gotHdi sigedl [pyodessimg fonfhet prsicess®. ipdedinding i a a
power supply i eﬁﬁ’t port of’ processor 100, For this e odiﬁr}m&; i %he

ref erence vol tagend of datcm tegistersrandewePiPsTASHEY: VBIYARE 2 FP%ct i vel y

bei ng conpared is the trigger vaqlt tarashelddovy thagebcessAANDreat e
201. If the vo?cthﬁﬁé"’?gr'(ﬁﬂdg%’feec%g\}}\/‘erafg‘gu%g{oy 156 exceeds the tri %%er ol t age
of AND gate Z%E?HAHPp%e%sgrQa%m(BgDSTaediﬁomddh] iooludepoviegiosuthist PEIBITaAYE as a
power good signal, 1ndicating that core power JPQrds (egeyational . | f
the voltage froajasiy ef p&/\lé'ﬂnéhﬁrb‘f'?/g-l‘%“?'ggYégescstr%gﬁﬁlr:l)etl%% trélg(:j e_rlj\(ol tage of
AND gate 201, this. Jndicahgsid:a pses ef pevebcssso. oulBd siersalfhecsten a0€yel
shifter 202 of PR gure i's ‘included for, an en?oodl \rlgnt thn V}’Q!;&J%otrrl‘-%) RR& €
power supply vpbuaggnascaidifierent ThisdE9IRES rE@EOMRASSBH'Y V61T age. Tevel
shifter 202 convertg the vol k 10f bhisegnael-oi ghad of praresdues
processor core to t%)éSt@Eﬂ ?‘éﬁgggg)rflggd?%%egeg a‘fﬂ the input to AND gate 201.
For exanple, if,6908. ROWowsiRRpPyly1B0 iprovplado &e/bPt wps off the BOceszft 1 - o

power supply 140 provides a volta 5V, i 2812he Hr¥&dskserd he
vol t age range efhd@ole POWEH SPHE“%ﬂ%E?%% i g%ﬁp\{%rtég{rg gﬁegr nat qurrbodi ant

of the present . i nventi i ii6hutt fiRtsCa tepsreeessouppFyr woktemgeodigent
approxi matel y g&aﬁgﬁﬁjg%{gﬁg%%'p%m‘{&suppl y vol tage,. I ex\fﬁlt §Réfcgp€rpapgr may
be el i m nated. tﬁlalgreeaabineesiiqnéhef'poFPﬁW?feSU@PHC‘é%@ F 12678 oP "pFocessor 100
of Figure 2 is provided (via Level shibblfienr?@2 Heoprebbet iavdatitinment I-0f Fi gure
2) to an input SBPP'AN@ﬁagée F%éf%@ﬁﬁ@na%l e si gnal‘,5 when act kve indj cat es
th?t FropessFr p$gt@r@tgﬁptgg,iomgge;Dy\gnegkfnilt:lpﬁmfzhes@é%gﬁWSUfUHEb,vs dfg;"an‘gzmg nd
out put signals onto the bus. - U Pt ot ngéity o]
Figure 2 is a émbadigest gagh ‘fffféﬁw‘?'ssuﬁggﬁ 3%03 A oe‘ts(t?g control input of

out put driver 2%&%{\(}5‘@ agh} Y8 altehfutslembodnesit ginal -@ powes svaPUE driver 203
to transfer the"output signal fromthe p{ cessor crorestérg external system
bus 180 via an dddBiopally cobiplprdedkes bridase’ ! R BT hg signal iﬁ@o
inactive, the processor_core i ' bY tHes bratd @ akbhahsysessorshi@0-180.
AND gate 201 of Fi gﬁ'ﬁ\? Ry pé\évtgl} ggﬁssﬁ{nﬁ% er/i vi ng signal when hoth the
power - good si gngjs d‘,fs;:i?ggé' ¥6s gpitadlipenehagreates thatalnei a/e5Ra9 GRVETHRY R OT e, the
driving signal indicafes that core power it 9PabAlicN&@reand t he
processor has dnfnmedl-odmg§ﬁttﬁ?npb‘if§gi%'6: Flsorﬂg%)?f%g%g\'/\er supply 150 f|gi s,
the driving signal i L paf R hredtBi thapr teeedensansr ot é<8 PPWEOGUPPYm

| oadi ng t he sygqo rb%sorbﬁ%%ﬁgpaﬁ%urébof its co&e IE{Iovver Srlé% eggéqu

al ternate embodi4reniscf résutt, porespawern sipphes dr0-1ARE G Y of Fligure 2 nmay |
be any other logic gate having a driyvi ' offesi e |tidlep wherdimnakxitspl e,
far an embodi nef@tinen \WREBIP £R %‘F‘?’Vi%@%ﬁ%ﬂ% s acti_ve@:gow, A%% ate 201
may be replaced éﬂ%)cﬁaté\g\ Rxfé%%Sr idfierasamelenibogirenart a failehipEPCaS§OMICLh t he
power good or FEDIE 81 gnal s are active | ow, .1AND Haotergg)%sswm@glogde

i nverting i nputsaustid érenantineetampURIDSYHEE 19491 (RAF R eplraced by a NOR gate
wWith inverting inputs. As .stla.ergC gﬁve, out put driver 203, when turned on
by an active driWUﬁﬁ %ibéfﬁdﬁogh%l ie %o its control input) transfers an

out put signal fromthe processor core of prgcessor 100 of Figure 2 to
system bus 180 via an 1-0O port of the processor. For one enbodi nment of the
present invention, output driver 203 may include one or nore inverters. ESD
protection device 212 of Figure 2 conprises two di odes biased such that the
di odes are reversed-bi ased under nornal operating conditions. Wen a

vol tage on system bus 180 exceeds the voltage supplied by |I-0O power supply
140, such as during a positive ESD event, the upper diode becomnes

o e o I T o v

end



21 FEB 2003 140. When a voltage on system bus 180 falls bel ow V55 (or
ground; if VSS is grounded), such as during a negative ESD event, tIe] FPRe]
di ode becones forward-biased and rai ses the voltage back up to V55. For an
al ternaté enbodi mrent of the present invention, different ESD protection
devi ces may be used, including, far exanple, ESD devices nade of parasitic
devices existing in the output (or input) driver. To reduce the I|ikelihood
that failure of core power supply 150 will cause failure of the conputer
system by | oadi ng bus 180, however, alternate ESD protection devices should
be supplied with power fromthe |I-O power supply rather than the core power
supply. This invention has been described with reference to specific

exenpl ary enbodi nents thereof. It will, however, be evident to persons
having the benefit {,ug Eyh?atghs(g c@ﬁ%&atbb%tysmn i 1 800idemi thatiroeRsSand
changes nay be made ese enbodi nents w thout departi ng?rr;lrbqj@ ‘Ffﬂ? Jroader
spirit and scepg &fich hﬁat|cnr£ept>wehsuplmsef%'ﬁé%pf3?%§?i6 SEndf *dtaw ngs” are,
accordingly, to be regarded_i,n _an rabéeysot hed neay pridventti ve
sense. _g_ “fail FE® 98@? R 3P4 lSOIIL"{J)rpéﬁc'i&’%ht\;V}‘{,'gg\nc‘ﬁr cuit to tra{wg er _an

out put signal 8(;95’&%5”09 ‘frcin CoATEN ENY. trocdnerofagrasauting Of iGFi¥¢INg) SHRE™

supply, the conponent to activate a Vi n i o |rf}g| ethat both
a second powemusUiBf. yinibis mgenefagve” ﬂ'@éﬂﬁ%&?@%?% eérl?ei Kan a reference

vol tage and an_enabl e L190e préudsersndeo3 ymay shsommurtesiout put

si gnal when tR%“H?l |cr?§)ég’%wr?élﬁf)§@actlve The circuit of claim i, %wt er

conprising a GHsmaspdtem bos beOpmf@oawenrh@SPP?@'P OGRS b’P(} %

conparator to activate sig t As bhergienpodedpitet drad ot he

second povver SWFHRYPR I?r H‘fsc%mﬁefé Q?sl %@ S’ﬁ%{fer Btrhaln the reference

vol t age. r}ﬁ ,Q;lé;'et:,s&fs fsilnag mh?ote\bﬂihﬁrfer motieeembodimenteol BiEt BIGEST's to be
t

derived from rst power supply r.e aﬂ&@é S g6 to the
conpar at or. 4. mﬂ'érelocu traupystem Q}ISa’i”ﬁYT I LI"%)r "U% ggé)??rlsl ng an el gjct rostatic

di scharge pr ot ection .dev %&gw@gada@d bhebécmte thevieiled aAapsand
coupled to th PP tggéyg%rrﬁe%g?r cuit of claiml er ei_n t%he ﬁgr’g) gpt is

an AND gate. 6gauEee hystamtwiok @feli MS thmﬁmwd%@"?nﬁﬁys the A gate

is to be coupled to the sec ond p éb‘?rﬁ’é% apflichbeaftfrebestirg el tage is a
trigger vol tag"é”BfPOc"Y‘r’é %NIB 35? tf%e ci rcw t of claim1, wherein the

reference vol t a8 uter agg@fe@prl mat ely a m ni num noni nal oper at| ng voltage of a

processor core to whi ch the circui cou of igl aim1,
wherein the first pogere 2uhemy 3 g’uaﬁscﬁ?t l\r/\(fe%(r?‘ stg'ﬂﬁ pgb%nng e

accordance with an embodiment of the present invention. Core power supply

150 is coupled to one or more power supply input ports (such as an

electrically conductive pin or pad) of processor 100. Core power supply 150

supplies power to the processor core of processor 100, level shifter 202, and

an input of comparator 200, each of which is coupled to one or more power

processor. |-O power supply 140 is also coupled to
I-O power supply

supply input ports of the

one or more power supply input ports of processor 100.

140 supplies power to level shifter 202, resistor ladder 211, comparator 200,

AND gate 201, output driver 203, and ESD protection device 212, each of

which is coupled to one or more power supply input ports of the processor.

An enable signal from the processor core of processor 100 of Figure 2

is provided to the input of level shifter 202. An input of comparator 200 is

coupled to resistor tadder 211. The output of comparator 200 is coupled to

one of the inputs of AND gate 201, and the other input of AND gate 201 is
-5-



second power' supply is a core power supply. The circuit of claiml1,
wherein the driver is to be powered by the first power supply. 10. A1 FEB 2003
processor conprising: a core coupled to a core power supply input poet; -10
21 F E B 2003 a driver coupled to an I/0 power supply input port, the
driver having an input coupled to the core, an output coupled to an I/0O
port, and a control input; and a | ogic gate having an output coupled to the
control input of the driver, the logic gate to output a driving signal that
i ndicates that the core power supply is operational. 11. The processor of
claim 10, further conprising a conparator to output a signal that indicates
to the logic gate that the core power supply is operational. 12. The
processor of claim11l, wherein the | ogic gate includes an AND gate having a
first input t%8[,8@@%%&%@1@&gﬂl@beliﬂdﬁteraZGanThmalﬁlpvh@f/W)[Pegaé% ! 'Supply is
operational and a second input to receive .an I I or e.
13. The processopledftoghaicantid, ingyiof REHP gﬁﬁ?ﬁ@?ﬁ%ngt?%?@%kgfég?¥g§?§§ic

di scharge protection. devic rddeesdr/ Orpof prasedsoh&0d./ Ohgower
suppl y i nput ﬁ@ﬁﬂ?CEWSSéwgéggﬁ@QQ%gfhﬁﬁWﬁga'

' ectrostatic dischar prqtecti o evi ce
coupl ed bet weepghiefld@nariveadad ¥SSupied tom@erﬁﬁb%yéé%fg?buéﬂ%& 4P r%n%(,g

wherein the driving signal further indi ablsyrsicgnag sbrom t he
core is acti v@Ortl(EsUChaér%@?%Fa@oqudgﬁ%ﬁ%aaggédg%@oﬁgl ed 1o a core power

supply i nput porte'mi?a‘%e’v}icg%zii§<aba;5|b@rbe¢\ive@ume cdppl efcbutputadiivier 803 GRS
supply i nput p%?tt, he circuit preventing the processor froml oading an
external bus ithea@ope @goneressapp?y fails. 16. The processor of claim 15,

wherein the bus | S%gstiétgpia%id{apgiﬁ COMY (588 Ardf@@hee galiage derived from I-O
power supply 140. This reference voltage is provided to the reference input of
comparator 200. The other input of comparator 200 is coupled to core power

supply 150 via a power supply input port of processor 100. Comparator 200

compares the core power supply voltage to the reference voltage. If the core
power supply voltage exceeds the reference voltage, comparator 200
activates a power_good signal that indicates that the core power supply
voltage is greater than the reference voltage. |f the core power supply voltage

does not exceed the reference voltage, the power_good signal is not

activated. |
For one embodiment of the present invention, the reference voltage is

set to the minimum nominal operating voltage of the processor core (plus
some small guardband, if desired). For this embodiment, an active
power_good signal indicates that the core power supply is operational. For
an alternate embodiment of the present invention, an additional comparator
is used to determine if the core power supply voltage from core power supply
150 of Figure 2 exceeds the maximum nominal operating voltage of the
processor core (plus some small guardband, if desired). For this
embodiment, the output of the additional comparator is ANDed by an AND
gate with the output of comparator 200. The output of this AND gate is the

power_good signal indicating that the core power supply is operational.

-6-



coupled to the 1/0 power supply input port, the logic gate to activate a
driving signal that indicates that both the core power supply is 21 FEB 2003
operational and an enable signal is active. 17. The processor of claim 16,
wherein the bus isolation circuit further conprises a driver coupled to the
|/ O power supply input port, the driver to transfer an output signal from
the core to an I/O port when the driving signal is active. 18. The
processor of claim 17, further conprising a first electrostatic discharge
protection -11 21 F E B 2003 device coupl ed between the ' 1/0O port and the
|/ O power supply input port, and a second el ectrostatic discharge
protection device coupled between the I/0O port and VSS. 19. A conputer
system conprising: a first core power supply coupled to a fi rs(tsreprocessor;
a second core power supply ¢ fbsphoResstoon int véhigdecoid
processor being coﬁBrI @g aé%rr}aﬁ%%nﬁ?g{f&prﬁgggé;gr via a s zéﬁ}m bu5'é an /0.
povvler suppl y @gwg} edpp! 13@51 Fti%mefiii/pr@tvidaﬁ@ REGANE VBP%%%F] es?r;ﬁ 3 I’S][ bus
isolation circulrt coupled to the 0_pa : ihdicsteshust theol at i on
circuit preventienghe RempRFapr B?W@k’és%?owggﬂ%:égggnnaéq?ﬁel syst em bus when the
first core power é?t}ggﬂ Yudi USitagdnd I@ssstbannide befsransevallpem &iof @aPeEoupl ed
pply, 't

tothel/OpoﬁBrre e seécond bus isol ati pn .Gi.r cui entkngrd he
second process@a{bddiraent, @adipragatph@()%@@ﬁjéﬁﬁlﬁl%%\ﬁfgeﬁ Ztclﬂegr;éertggﬁ%\%\gbraga po&ver

supply fails. 20. The system of i 10 At lHpesf AROpPgatsiaty \aplpavedrity of
addi ti onal corpéwﬁé\ﬁ/HPplgu I'F&SU@%E%]%}&H}?S eacrlr?mof a plurali tgerof addi ti onal

processors. ZJSUPE &nSYShEDprockeson M0, Frethisi emPeRMETt St edREF S¥Eond bus

i solation circu are disposed within t LISt 8ROOBEIRr QsnesEeds,
respectivel y. vdRagd e wiyadt & ©fe BP‘QFW‘@OW\X%I’&% |'ﬁ%§ fifst r%us i sol ation

circuit conpr lﬁ?sg'lsﬁ ﬁiggrsh\ﬁ@[atg?@pwgsﬁm vhieage) Of poilkegate B9} i thenell@Bfver to

transfer an o he system bus when bot i fQ3re power
supply i s operarh @oed pawdr smaal\fﬂ5%€X‘f)‘?%é§§6?9%eéivﬁga€%\n&igggﬁ %g%f the system

bus. AND gate 201 registers the core power supply voltage as a power_good

signal, indicating that core power supply 150 is operational. If the voltage

from core power supply 150 is less than the trigger voltage of AND gate 201,

this indicates that core power supply 150 has failed.

Level shifter 202 of Figure 2 is included for an embodiment in which

the core power supply voltage is different than the 1-O power supply voltage.

Level shifter 202 converts the voltage range of the enable signal from the

processor core to the voltage range needed at the input to AND gate 201. For

i .5V, and 1-O power
example, if core power supply 150 provides 2 voltage of 1.5V, a p

supply 140 provides & voltage of 5V, level shifter 202 converts the voltage

range of 0-1.5V to the range of 0-5V. For an alternate embodiment of the

present invention in which the core power supply voltage is approximately

equal to the I-O power supply voltage, level shifter 202 may be eliminated.

The enable signal from the processor coré of processor 100 of Figure

2 is provided (via level shifter 202 for the embodiment of Figure 2) to an input

of AND gate 201. The enable signal, when active, indicates that processor

100 has gained ownership of system bus 180, and may send output signals

onto the bus.
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AND gate 201 of Figure 2 only actives the driving signal when both the

power_good signal is active and the enable signal is active. Therefore, the

driving signal indicates that core power supply 150 is operational and the

processor has control of system bus 180. If core power supply 150 fails, the

driving signal is not activated. This prevents processor 100 from loading the

system bus upon failure of its core power supply.
For an alternate embodiment of the present invention, AND gate 201 of

Figure 2 may be any other logic gate having a driving signal as its output. For

example, for an embodiment in which the driving signal is active low, AND

gate 201 may be replaced by a NAND gate. For an embodiment in which in

which the power_good or enable signals are active low, AND gate 201 may

include inverting inputs. Alternatively, AND gate 201 may be replaced by a

NOR gate with inverting inputs.
As stated above, output driver 203, when turned on by an active driving

signal applied to its control input, transfers an output signal from the

processor core of processor 100 of Figure 2 to system bus 180 via an 1-O port

of the processor. For one embodiment of the present invention, output driver

203 may include one or more inverters.

ESD protection device 212 of Figure 2 comprises two diodes biased

such that the diodes are reversed-biased under normal operating conditions.

When a voltage on system bus 180 exceeds the voltage supplied by I-O

power supply 140, such as during a positive ESD event, the upper diode

becomes forward-biased and drains the excess voltage to I-O power supply

-8-
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140. When a voltage on system bus 180 falls below V¢ (or ground, if Vgs IS
grounded), such as during a negative ESD event, the lower diode becomes
forward-biased and raises the voltage back up to V. Foran alternate
embodiment of the present invention, different ESD protection devices may be
used, including, for example, ESD devices made of parasitic devices existing
in the output (or input) driver. To reduce the likelihood that failure of core
power supply 150 will cause failure of the computer system by loading bus
180, however, alternate ESD protection devices should be supplied with
power from the I-O power supply rather than the core power supply.

This invention has been described with reference to specific exemplary
embodiments thereof. It will, however, be evident to persons having the
benefit of this disclosure that various modifications and changes may be
made to these embodiments without departing from the broader spirit and
scope of the invention. The specification and drawings are, accordingly, 0 be

regarded in an illustrative rather than a restrictive sense.
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What is claimed is:

1. A circuit to transfer an output signal comprising:

a component to be powered by a first power supply, the component to activate a driving

signal that indicates that both a second power supply voltage has 2 magnitude greater than a

reference voltage and an enable signal is active; and

a driver to transfer the output signal when the driving signal is active.

2, The circuit of claim 1, further comprising a comparator to be powered by the first power

supply, the comparator to activate a signal that indicates to the component that the second power

supply voltage has a magnitude greater than the reference voltage.

3. The circuit of claim 2, wherein the reference voltage is to be derived from the first power

supply using a resistor ladder coupled to the comparator.

4, The circuit of claim 1, further comprising an electrostatic discharge protection device to

be powered by the first power supply and coupled to the driver,

5. The circuit of claim 1, wherein the component is an AND gate.

6. The circuit of claim 5, wherein one input to the AND gate is to be coupled to the second

power supply and the reference voltage is a trigger voltage of the AND gate.

7. The circuit of claim 1, wherein the reference voltage is approximately a minimum

nominal operating voltage of a processor core to which the circuit is coupled.

8. The circuit of claim 1, wherein the first power supply is an 1/O power supply and the

second power supply is a core power supply.

9. The circuit of claim 1, wherein the driver is to be powered by the first power supply.

10. A processor comprising:
a core coupled to a core power supply input port;
-10-
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a logic gate having an output coupled to the control input of the driver, the logic gate to

output a driving signal that indicates that the core power supply is operational.

11, The processor of claim 10, further comprising a comparator to output a signal that

indicates to the logic gate that the core power supply is operational.

12. The processor of claim 11, wherein the logic gate includes an AND gate having a first
input to receive the signal indicating that the core power supply is operational and a second input

to receive an enable signal from the core.

13. The processor of claim 10, further comprising a first electrostatic discharge protection
device coupled between the /O port and the 1/0 power supply input port, and a second

clectrostatic discharge protection device coupled between the 1/0 port and V.

14. The processor of claim 10, wherein the driving signal further indicates that an enable

signal from the core is active.

15. A processor comprising:
a core coupled to a core power supply input port; and
a bus isolation circuit coupled to an /O power supply input port, the circuit preventing

the processor from loading an external bus if a core power supply fails.

16. The processor of claim 15, wherein the bus isolation circuit comprises a logic gate
coupled to the I/O power supply input port, the logic gate to activate a driving signal that

indicates that both the core power supply is operational and an enable signal is active.

17. The processor of claim 16, wherein the bus isolation circuit further comprises a driver
coupled to the 1/O power supply input port, the driver to transfer an output signal from the core to

an 1/O port when the driving signal is active.

18. The processor of claim 17, further comprising a first electrostatic discharge protection
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a first core power supply coupled to a first processor,

a second core power supply coupled to a second processor, the second processor being
coupled to the first processor via a system bus;

an 1/O power supply coupled to both the first and second processors;

a first bus isolation circuit coupled to the I/O power supply, the first bus isolation circuit

preventing the first processor from loading the system bus when the first core power supply fails;

and
a second bus isolation circuit coupled to the /O power supply, the second bus isolation

circuit preventing the second processor from loading the system bus when the second core power

supply fails.

20. The system of claim 19, further comprising a plurality of additional core power supplies

coupled to each of a plurality of additional processors.

21. The system of claim 19, wherein the first and second bus isolation circuits are disposed

within the first and second processors, respectively.
22. The system of claim 19, wherein the first bus isolation circuit comprises a driver coupled

to the /O power supply, the driver to transfer an output signal to the system bus when both the

first core power supply is operational and the first processor gains ownership of the system bus.
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