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APPARATUS FOR MAI NTAI NI NG THE TEMPERATURE OF A M CROPROCESSOR USI NG A

FI RMAARE W9ShatiHe | NTERRUPT Wmmm“\\\“m“m“ THE | NVENT I gh/Jd08/26408 S ent

invention relates to conputer sys rticularly, the present
invention relates to | owering and mai g@hRi ng the tenperature of a

m cr oprocessor die bel ow a burnout tenperature. BACKGROUND Throughout the
hi story of mci\ﬁ?cg{g)uterzgt hen a ha bee a m)tlv,f;\tlon to increase the
per f or mance of “NIerOproREFEFATUSER WW% ROFBAEMRE PR r ease in

m cr opr ocess oMIGROIRITRESRIEY SINGeA EIRNBNAWMTE;D ISmERRUPTAABEHANISMhe nagni t ude
of power consuned by the m croprocessor. Due to the increase in 1o power
consunption, the run tine tenperature of the die of a m croprocessor nay

exceed a WEEDIHE sHOINGVERITYON Vari ous net hods currently exist to reduce
the run tine tenperature of m'croprocessors One such nethod is to nodul ate

the processor %8 %Keseﬁ‘pﬁtvgﬁh tes%g rP%‘ltqu sggtle%{sﬁ 1E)Ee§}?a§' g?l& he Cl ock

frequency. Howeve gn
i npl ement ati on,, val i dati on and aI so decrease the performance of a
i cr opr oc A4EHRt INYSRtig Zelpies tlgSTNg AN SRAIBEEING (he WEIREEAUTS ¢ t enper at ur e

of a mcroprocessor is to shut down the mcroprocessor and reboot the
conput er gyistaproeessar digbelowtd brnottbteevreratisesi ng t o shut down t he corrputer
i s obviously di sadvantageous as it increases the down tinme of the syst

20 Therefore, it woul d be advant ageous to devel op a nﬂlmuwm m"mmm rret hod
of rmai 5t aiBPAGKGRE@UNIM ti ne tenperature of a mcropro 02/27.t.9
PCT/ USI | 1/ 29C( 13 BRI EF DESCRI PTI ON OF THE DRAW NGS The presend* i nvention
will be understood nore fully fromthe detail ed description given bel ow and

fromthe acconﬁmnugkgudﬂm/hlﬁgls/ offmiggacompsitensiblerte henbeengf motivationtent i on. The
dr awi ngs, .howeve uld not be taken to limt the}}h vention to the

speci fic é%%?ﬁe %Pgl?oﬁ‘ﬂﬁncﬁPél’“f‘ﬁPP"&Fﬁ?S&?’FatH%We‘éFﬁdw skt ng only Figure
L1 a bl ogk 30U Bfo00s. SHRGHMEN ol 3 FOIBN SRSk Oure 2 1 a

bl ock di agr= one a’'mcro sor igure 3a and

3bis a fln%%lﬁgro@%mi c&&aﬁmd&lm&m@flo&%r Dhuk it hel iRrease in

10 power consumption, the run time temperature of the die of a microprocessor may
exceed a safe threshold value.

Various methods currently exist to reduce the run time temperature of
microprocessors. One such method is to modulate the processor clock. Another
method is to modulate the processor clock frequency. However, these methods

15  complicate the hardware design implementation, validation and also decrease the
performance of a microprocessor. Yet another solution for cooling the run time
temperature of a microprocessor is to shut down the microprocessor and reboot
the computer system at a later time. However having to shut down the computer
is obviously disadvantageous as it increases the down time of the system.

20 Therefore, it would be advantageous to develop a more efficient method of

maintaining the run time temperature of a microprocessor.




tenperature of a m croprocessor. DETAILED DESCRI PTION 15 A net hod and
apparatus for maintaining the tenperature of a m croprocessor is described.
In the foW@ud/tgidet ail ed description of the present invenpépaselsRizous
specific details are set forth in order to provide a thorough understanding
of the present invention. However, it wll be apparent to one skilled in
the art that the present invention nay be practiced wthout these 20

speci fi ¢ dBRIFFEDESCORIRTION OFSTHROIA WENGE- known structures and devices are
shown in block diagramform rather than in detail, in order to avoid

obscuring the prag@nésehiv@BAGNwiIREE ﬁﬁ@él@t%oh@n&@%u%fﬁ‘éh{ iedfctAfeqt 0 "one
enbodi nent" or "an enbodi nent” neans that a particular feature, structure,

or characteyjstic. d i i . ction 25 with the enbodi ment is

i ncl uded i g{eg Al%tgoéls%e‘%%%aggr’b%& t?r(glﬁ‘t%%%&ctoﬁ‘é’ apxl\}lgn‘p?‘évﬁ}g%ablﬁﬁﬁar ances of
the phrase "in one enhbodinment” in_various p|laces in the specification are
not necéssml?‘ifh’&?!ltsggfl}%mi"ﬁ’g“‘i‘b Theedrawimgsehpgeyeretiould ngfles taken to 79
PCT/U S111 /2903 Figure 1 is a block diagram of one enbodi nent of a
conput er s\iEnithelip@ent@onipihe spejfit enbddithentsc buidees far expliratiah apdocessi ng

unit (processor ) 105 coupled to processor bus 110. lii one enbodi nent,
processor lﬁﬁlei-ﬁa@iﬂg@ﬁg_ssor in the Pentiumfam |y of processors including
the PentiumlIl fam |y and nobile Pentiumand Pentium || processor s

avai l able from kn [ ppratyd on_ of t ara lifornia. Aternatively,
ot her pr ocessorg:lél’r%/l%agg’(gg.dlaFgrlaolg‘eosfgggE%gd%?ﬂtiongIcﬁﬁlgugelfsy?tgp’I evel (L1)

cache nenory (ngt shown %ﬁ)gigure 1). Acg&rging tg one enbodi nent

processor 105 ofiE&ds 2 blpckidiqgapmept ope poipd paentof appigeonspeessal; Myl e

di spersal node. In the full dispersal node, processor 10 105 executes

mul ti pl® W st r uFigueesa and 3bts afowAbiagmadi foy one eambedandrddif nemtrollipg deessor 105
executes six instructions at a tine. In the single dispersion node,
processor 1&5p@mgg@&§§Iﬂmﬁﬂﬁaﬁgguction at a time. According to a further
enbodi nent, processor 105 transitions fromthe full dispersion node to the
si ngl e di spersion node upon the die tenperature of processor 105 exceeding
a z5 predet ) threshold. In yet a further enbodi nent,
processor l%@féggﬁ%iﬁgﬁgggﬁﬁgﬁ%g to an artificial activity node. The
artificial activity node m nimzes current spikes (e.g., ~~ spikes) within
process@r 105 b i LN L R B, LM i thin processor
105. szrg exanpl éﬁ%}{&ﬁ%ﬂa ia\f‘/‘alt%ﬂi(re' g. %aﬁﬁﬁéfﬁtg%%h%hﬁ%%ﬂg ved 20 and/ or
execut ed) miickprb&issvr iadeyceied eTriihegslldvwing ekdledi dvsdraitash ofEé prGbmt i on are.
recei ved at processor 105 for processing. The sinulated instructions may be
recei ved f roventios rudnerauhspavificoleygilsare beydoiith in poiento pravide a thtoegegh unit or
any ot her device w.thin processor 105 or. conputer_system 100. The results -
of “the si mymsertpnding plideinsasens yentieh oJgavarer dvidbeapparastagne Accor di ng

to one 25 e Lent . themni mum.level of activity w thi rocessor 105 is
seventy per’sggﬁeg %&‘epa}lg%:héi&%er P’fég‘rp ‘f)eélgllowl.l a;ﬁ%e 1€§%g%dnwgﬁﬁlgrtggsﬁbodi ment s,

the m"", %B”é#iﬁé’ 8btaflf. RGth¥! i}1¥ta¥¥bésh%?u&h@%%ﬁ%uﬁ@éaﬁ@é{eﬂ&s%@%‘lown
per cent ages” of processor T05 WO 02/2p-19 capacity. PCI/US01/29G 13

in block diagram form, rather than in detail, in order to avoid obscuring the

present invention.
Reference in the specification to "one embodiment" or "an embodiment"
means that a particular feaﬁre, structure, or characteristic described in connection
25 with the embodiment is included in at least one embodiment of the invention.
The appearances of the phrase "in one embodiment" in various places in the

specification are not necessarily all referring to the same embodiment.
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I n one enbodi nent, processor 105 is also coupled to cache nmenory 107, which
is a second level (L2) cache nenory, via dedicated cache bus 102. The L1
and L2 caolgenmey@ri es can al so be integrated into a singl epEQy$06G29603

Al ternatively, cache nenory 107 nay be coupled to processor 105 by a shared
bus. Cache nmenory 107 is optional and is not required for conputer system
100. Chip set 120 is also coupled to processor bus 110. In one enbodi nent,
chip set 220 i Eigureliuobluck Hiagrayatof auapmbbilindnt ofra kompliteBoygtomaliolon;

however , ﬁher chi setép,c al so be used. Chip set 220 WI%é i ncl ude a
menmory comOPYPter systRm § ’@SR@FBF‘ CRMgRlPIRESHRE HBIRAPLPCeseer) 105 conRled chi pset

Rovi o on 20 GrAchteal P T, 26 R SRR R B ERp T B 1 Ptes NG et G ara,

cause processor 5

Cal i f or ni PenAEM®@ LAl FGRoRSEbrb SnchURk etk PéhtRnt® AN \UntemdBR and handl es
vi deo data requests to access main nenory 113. 15 Maui nenory 113 is

coupl ed t PeptiomESsaat Pintind®@0] processgis avhilgbls éonmilRe] Qdrporationef Badta3 and
cache nenory 107 store sequences of instructions that are executed by

pr ocessor Gas, Califerniaqidinmasively, pthet pireessorsmay be usestd BipcepsociSsor 105 may
be retrieved fr in e 113, cache nenpry 107, or_any other storage
devi ce. Aﬂ%ﬁ%’i"ﬁﬁ‘%%%lE%&%faé?es’G‘eB’@%Sl?ﬁgg‘ﬂx?b“ iggEedsor bus 110, 20

such as mul ti p%‘gg@?ﬁﬁ%ﬁ‘rﬁ%@g@é?@l%?% 10 Se N RY %/iﬂ}(%g\éifﬁﬁs. Conput er

system 100 is e proocessor owever, multiple
Pr 0Cessor gigatsalhod@ bR h 8thplOdBpAELISHOde. Mshd 401 divpeles Hsdd gﬁoe}s&rl s al so
coupled to chip set 120. I'n one enbodi nent, video device 125 i ncl udes a

vi deo 1aDN10Dexesutes nudtipledasthadions asy timeb Adcbiding tr ore eqnbatlintenst al  di spl ay
(LCD) and necessary 25 support circuitry. Processor bus 110 is coupled to
system bu?rqq?@sqﬂlo%ﬁ*ﬁ‘iu?étslxllzﬁﬁqunéﬁéaé'm?odtl Hentingls dispersioumotigy is a
Peri pheral Conponent |nterconnect (PCl) bus 4 W 112127e9

T Ut 1 | PHEEISES 108 st cg L s BEN At & o eSS 617 BTTus devel oped by

the PCl Spegi t . Por sioR QVERILED her bus

st andar dsgﬁrrg)l?agpé%’ glg’%ggssgldq%?ﬁi%?% f@é@?gee%?cg%geﬁslg}g au ?‘g t %%IF & 127, may
be coupl edidpersioisiRaAe Ripdn HiOdie BB pbrattigf bdtessoH MBS cEYShgm bus 130 to
secondary bus 150. In one enbodi nent, secondary bus 150 i S an Industry

St andasd predtet¢radhed enfpesifurSpaesholdat i on Revi si on 1. 0a bus devel oped by

I nt ernati onal Business Machi nes of Arnonk, New York. However, other bus
standards nay H¥&$ ajurtheembadimep pupressardle AEagtes eI eing tQaindar d

Architecture. (El SA). Specification. Revisi .12 devel oped by, Co
Conput or . ST b e A66 peBlia i iBofa e FHens PR ek dr i ve
154 may b I%ﬁ&sﬁ@iﬂaﬁufﬂi&@é&é@l% Brsadinidg HRiniARNh (R8] ofSHEDitps cursor conk

of devicesi(not shown 1it Figure’l), may be coupled to secondary bus 150.
Accordi ng tq . one enbodi t, a basic input output system (BIOS) 155 is

Coupl ed BISERBTREEPPT IS PR iibs AL BEs BATAPETTICENER! ammabl o AND
|5 gates ang, B QUGLERLANCR AL £8elBRL A BrdndR! o BluIL@H BRI ch provi de
an interfac et ween e operating system and cohponéents of conputer system

100. Accopfl ageit & NSro8EBedi 058bE ?r&béﬁlg%etﬁﬁﬁﬁmé s & lEHRsSndyPbdr OCessor
105 to initiate the generation of artificial activity at processor 105. Tsl

one enbodiereivied fRIMEhelBbcdche prenguranarflbatingapoiatudig gntegéiRAli) or Mowever, one of
ordinary skill in 20 the art will appreciate that other devices nmay be used
t o i npl enetter Bruse pathin precessar hep ourampuiehdysmmEdR Thergewtsddthe 05 i ncl udes

Penper at usdeiiatsd nigrion® ol e R ABR AP ePhE, AesiriBs STHE pover
consuied_ghBlaGEnSAl oHifn (e SR8k MRk roc UGB RGNSUTPL on My

at an
percent of processor 105 capacity. However in other embodiments, the minimum

level of activity within processor 105 may be other percentages of processor 105
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25 the eventual burnout of processor 105. Figure 2 is a bl ock diagram of
one enbodi nent of tenperature nonitoring logic wthal processor 105.

Ref erri ngwoazkrgure 2, processor 105 includes a thermal seggausoz26sk03an w
O 112/27-1-1'9 PCT/USOL/ 29C03 analog to digital converter (ADC) 220, a
filter 230, interrupt generating hardware 240, instruction execution unit
250, and artificial activity generator 260. In addition, processor 105 is
coupl ed t 62RA¥1Ynt errupt handl er 270. According to one enbodi nent, sensor

210 i s an anal W*&ﬁﬁ@}ﬂ%ﬁéé&gﬁﬁﬁg? m%&eg{,@scétil%ewggfo?ﬁ erature of
105 t : 1220 i

Coupl od  g3ansars, 21 0d EDERS efldr BN AOESERSEANLE 193] YR 20 ved

from sensor [g{lllg to a one- élt él gl{%aﬁ{bs?’gnaﬁ. ccor%“?\nguto o'ngleengodi ment ,

ADC 220 t hAd3ichehednbRvribAGinCals ENEntdgRatdd into@%ifglO Helibe t ARehRERERAL Ur €
val ue received is below a predeterm ned threshold and 10 transmts a high

| ogi ¢ § evedcheangmoryl Finsaylhe ¢dupldibtot popesat 106 dywvadhaeed busache t he
predeterm ned threshold. One of ordinary skill in the art will appreciate
that the BwaHAPT isrprifonakbangbis net cequitgd ApCrorpputensystran 18p| aced by a di git al

i th enmbodi m . Filt 230 i d to ADC 220. Filt 230
o b o R IR TR S cobble 36 rhaen 5RO D) 6l AR e,
pr edet er niedo MERGR)H (b GbRSrorh el &b nORGwEPROGIP My, 11 ter

230 det erm nes how ?ong thg&lc(ﬁvcemterrper agiure |£’g5 ovée or below

pr edet er nkéieehri AI5@BORL. [EHip 6t 120ithayPincR@ed hb@bry & FRRIRE fre or nor nal
tenperature interrupt, respectively.” According to a further enbodi nent,

di gitad fcéntenllie®e nmanmeasorydild.eFodhel thipsed 220 maywisodhcltide2a cycl es. 1 n yet
a further enmbodi nent, the nunber of predeterm ned clock cycles may be

pr ogr ammed<reierated (graphics Fort (@GR Specifipation Reytisige Adriateriage Pl dware 240 is
Cou o3 oo i BT SR P BB o
exceedi ”gc&g?e(ﬁfgﬁd"eg ?891%? %iigélg;lf ARl dleSidbs RGN AL st tosa[‘épés‘é a0 the |

oper ati ons ter tron, I nterrupt*generating hardware 240
gener at esp@nitey 18$, tenperature (NORMIEMP) interrupt upon the die
tenperature of processor 205 cooling bel ow the WO 112/27.19 PCT/US(11
/ 2C( 135 pr edet e¥laimmeniony tkhis lcdupledipe prarkssor bus 11 threughndiogiserd20, a hi gh
logic level is transmtted r‘gly i nterrupt generating hardware 240 as the
H TEMP W Main fsmord i3 ped cachie mgineyghle sfae 83quesceso iasiuctigns Hipt avst er r upt

generating_ha re 240 as..t NORMIEMP J.nt.errupt. On f ordinary skill in
Phe art whd g sare e the RN olRTe RS pouiad PPl Loa
I nstructi pib Q%5 6b bdifiByarbm?mRindRESLRY TS cdhe n%ﬁcﬂ?ﬁ%ﬁ,' o BSthé Whi ch
processor 105 operates. In one enbodi’ment, instruction execution unit 250 -
causes prsoesedevikes Aldditpeal dtwicesmhyelsd bk kowpled s pricessodbusiinever the die
tenperature
20  such as multiple processors and/or multiple main memory devices. Computer
system 100 is described in terms of a single processor; however, multiple
processors can be coupled to processor bus 110. Video device 125 is also coupled
to chip set 120. In one embodiment, video device 125 includes a video monitor
such as a cathode ray tube (CRT) or liquid crystal display (LCD) and necessary
25  support circuitry.
Processor bus 110 is coupled to system bus 130 by chip set 120. In one

embodiment, system bus 130 is a Peripheral Component Interconnect (PCI) bus
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is below the pr edeter mned thr eshold tenper afar e. Convey sely,
execution unit 1o 250 causes pr ocessor 105 to open ate i~1 the single

di sper sal wne22wévenever the die tenperature is above the prperesarmsned
threshold tenperature. Ar tificial activity genes ator 260 conk ols the
artificial activity withal processor 105. As described above, an ar
tificial activity node mium zes current spikes v~~ithin processor 105.by

mai nt ai ni mgharing te afpedifispsipn KRevisiari 241 bys deyelogadchyathe P61 Special Infergines at or
260 determ,iles the level of ar of icjal,activity that i enes ated at
processor TO%P Oﬂipﬁqa’@a&ﬁgoﬂ’bﬁBW@"@'rrB%‘Hf H‘éﬁt?néaarr%iF mayialio besedi 1y genes
at or susp . LEL G ML B W bR the die
Fenper at r B BEULE RondE il denict 97} M bpERATR IR B Lt
handl er 270 i s BuobRIEE 140cdupl&lsyERAt bigerenatdBadng shwese. &ffne 20 il zstr
action execution unit 250 and ar tificial activity genes ator 260. In one
*enbodi fentembadiment pécohdmy ters 130 @5 arelndugiey Standapt Acdssoture d84) i nterrupts
H TEMP anti NORMIEMP and causes the appropriate action to be taken. For
exanpl e, §pshifieaticn Rewgor hda hmrémrelpmfgby Bﬁﬁﬁﬂ,ﬂﬁpmléwsms@s Mzaekines o270
transmts a signal tg instruction. execution unit 250, .causing processor 105
to hansi ti%ﬁ‘?lﬁ%ﬁl%Q?‘ﬂ%ﬁ%W?vedi% &t Lésaﬁttal}f@ﬂ gy & 8b§i%§@’2{g’ﬂi sper sal
node. By i} 4L . -S| j : I he

i zat i GBI SaBhAGOREaL darkald AR BLAR o PR e BRI ) 11 e
cool i ng Ofs.ﬁzaim@roFaM Corpd CHMPirted L 28 OWultiile dShiddd, AlicH 36 hafd diskO

U2/ 27. 1-49 PCT/US(11/29C03 inter r apt handler 270 causes processor 105 to
tr ansiot i A3 bad Kidkodrivec] 52uhdy bk spgriedstl sepmdiary ponlyle d2thei devitdsestdBRMIENMP
interrupt. Fur then, illter r apt handler 270 transm s signals to ar
tificial &6Chr gonfendesicss (nobsherpankigarely Bwyhe carple;te seqondar vi t y
dependi ng ,up the die tenper afar e. Accor ding to one enbodinent, inter r
apt handl é’ 533?) resides within BIOS 155. In a further enbodi nent, interrupt
handl er 270 ma I i e : ter system
100, fovever . SR rtenfRdinBRIR bhsi; bt B sEHABTOS TR, O

i | terrupteotiprdltekecdhQaijEusiB0] BU@S e5h lhdebaiy b tgibsragaipble NBYSt em 100.
10 Figure 3a and 3b is a flow diagram for one enbodi nent of controlling the
t enper Bhuegatds apdquedefied 108 gatas that otree 8 s¢fl af chutdeS whirlvpesgde ar105 i s
operating ilz the full dispersal node. As described above, the full

di sper sal insface kefwern thegperafing gystens and exmpeonends olcwmpuer system 10yh pr

105 utj.lization. . k 310,. it is det I hed whether th
i ot omperstidinef pCRa PRl Rs 15, Bl e e ke BRe SR B e
threshol d.jid dig lgghéa&&vepah@&ﬂefa?a{)}ggtgg@ 1§662468! RISl RER, Ned

tl'ueshol d, control” Is returned to sS bl ock 305. However, if the die

t enper at urBROBaAS5 8510 hble apiagdegie (PADEe Héwershaletbf ordidalyt SV | nt er r upt
is generated at Al 20, process bl ock 315. According to one enbodi nent,

t he exascuttheartofillapgeeciate Hiah ofren devisesr may e nsedi® impigroenrtrBIOP 18Bspended

after the HHTENP interrupt i enerated. At ocess bl ock 320, interrupt
handl er 270 ca@SEYIHEOLES begmery, PEAESE0b &t IRFlUsiss PRWERBVARRETRI al

per i t o R PPt BAR) e ppbiokEi Py BEf eltantle, PARREMR R UKR,
of computer system 105, the power consumed at processor 105 may exceed 130
watts. Such power consumption may cause processor 105 to overheat and lead to
25  the eventual burnout of processor 105. Figure 2 is a block diagram of one
embodiment of temperature monitoring logic within processor 105.

Referring to Figure 2, processor 105 includes a thermal sensor 210, an
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In addition, at pr ocess block 325, inter rapt handl er 270 causes processor
25 105 to tr ansition fromthe full disper sal node to the single disper
sal node. wtoeremess bl ock 330, the execution of code w thpar/psoiesssor 105
continues in the single dispersion node fromthe poilit at which it was
suspended. As described WO U2/27~~'| PCT/U S111 /29GJ3 above, the single
di spersal node cl anps the maxi mum utilization of conponents w thin pr
ocessor 18B8alogdo digiwd gonvertenABEN220, @ s AR idgrrppbgassasingllggdivare i ni t ed.

At pr ocess,hlgck 335, it.is defar i ed whether the die tenper ature of
processor i%%&%n%b‘fﬁt‘ioﬁlfgg%“@’r“éﬂta‘sﬁ’ ?%V?Fﬁ@aﬁvé‘a’eﬂeé‘fﬂrﬁq?ll ?éb nperature th r
eshol d. | ter I ] tar.. 4 t eshol d,
o ocessor “08er: PEREES) e B LRI I0 AR Akfubl farlfip PR Heediio e C

t enper at UegRHiRERCESSOF 21005 ath ahdlsg Bar-OMHAR CominRRBlyaMoRIB@The hr eshol d, the
NORMIEMP iizterrupt is generated, pr ocess block 345. The execution of code
Wi t hi n5pr ¢aepeatur ©b piaessenid@ir dmiihy tieugpestibecbfabhgrutérGystesn NORMIBOP i 11ten -
rupt is generated, At process block 350, intern upt service handl er code

wi t hi n i n2é} isisstpledriaisensos a1 andcamerts ap aaalogteapeuyire vebiq isceivefhrenc e
operation.n the artjficial activjt. de. In addition, at process bl ock
355, inte#?&b?ewgﬁ%#deﬁo%'%gﬁgggiﬁg% essor 105 to transition fromthe
single dispersalcdife ok itolihott AR S8 ndiR tscdgggq&gﬁ%elgé. ck 360,

i nterrupt handl er 15270 causes the execution o thin processor 105
to cont hl it 0) if b tehiperadinepenisd RBeivedl s Bl GMMatpieddiginthed thiekhdlll ahll Was
suspended. \Wereas nany alterations and nodifications of the present

i nventlD on trankinits @ highulvigiddevd e g alopae Brif thedempprtsevabfe iontlovethy skil | in
the art after having read the foregoing description, it is to be understood
that any paedatermined tyesholdOneaf outivai skitbindbe artvill @ppyeciaty that the
illustration.is. .in no way,jnht be considered |j.nutiiig. . Therefore,
et or ence SR Serfpt A BE A ar et BAE R e dipifilsnb@ii iR o | frit 1 he
scope of . ' ich in thenselves recite only those features

r egar ded bltfer Rftlolindi. N | WO (12/27.4a9 CLAIMS VWhat is ol aimed is:
PCT/ LI SOL/ 291 >Bidtef2Ryis toiple @ MPATKT R, Fik& M8 lis PARKAEEIAGhEE 1enoveV)

wherein the CPU i 1llcl udes power managenent | ogic that that enables the CPU
t 0 opdb at temperatifre moise exeditiphofor agred ethienioed nutiber bedpds atadlese of t he CPU

exceeds the predeterm ned threshold and operates ii a_second execution node
whenever ﬁ?éOI@%@%eﬂ@’WmSnﬁfgﬁeCﬁq eferpungs g dong g dier ni ned t hr eshol d.

temperature is above or below the predetermined threshold before initiating a

high temperature or normal temperature interrupt, respectively. According to a
further embodiment, digital filter 230 removes noise conditions for two clock

20  cycles. Inyet a further embodiment, the number of predetermined clock cycles
may be programmed into digital filter 230.

‘Interrupt generating hardware 240 is coupled to filter 230. Interrupt
generating hardware 240 generates a high temperature (HITEMP) interrupt upon
the die temperature of processor 105 exceeding the predetermined threshold

25 temperature, subject to the operations of filter 230. In addition, interrupt
generating hardware 240 generates a normal temperature (NORMTEMP)

interrupt upon the die temperature of processor 105 cooling below the

6



2. The sy
thernmal s

the 1o in
t he tenpe

managenen
coupled b
claim2 f
i ncl udes

i nterrupt
wherein t
‘execut bon
gener at or
whereilt

t hr eshol d
the die t
7. The sy

stemof claim1l wherein the power managenent |ogic conprises: a
ensor; a digital filter coupled to the thermal sensor; and an
inter r upto@ene® ating has dwar a coupled to the digital dgatusnposben ein
terrupt generating hardware generates a first interrupt whenever
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opemation@f }[ed 2L@miafide renteeseipt handl er; and an artificial

activity

coupled to the interrupt handler. 6. The systemof claimb5

t he i Hstsuglen gxecasier ynitda0 defermings dhesdispersdmpdeingphishat e wa ful |

di sper sal__node q@gnever the die fenper atqé(giis beIQM/thggﬁredeternined
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the CPU ais Beldwahabreietdritiiad GecshohRl Rnpjedatftts NEdithetdelyl, bkddutibnagit vi fy
within the CPU whenever the die tenperature is above the predetermlied

t hr esHol d2b&ogeses processod 10%ormpietadel irc drepingls flispersalanede whanewgr whedier t he
re of a central processing uiuit (CPU) 15 exceeds a predeterm ned

t hr eshol dieryeeraiyeiihgpoyerthe Bredeterwineddhigshold{emperaliareat ure of the CPU
h d i th h : d.t .1i.0ni na.. fi-~on first
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25

$PocRbsd1a05! b AREMbell LBV, Bf altifiGAl activity mode minimizes current
spikes within processor 105 by maintaining a minimum leve] of activity. Artificial
activity generator 260 determines the level of artificial activity that is generated at
processor 105. According to one embodiment, artificial activity generator
suspends artificial activity within processor 105 whenever the die temperature is
above the predetermined threshold temperature.

Interrupt handler 270 is coupled to interrupt generating hardware 240,
instruction execution unit 250 and artificial activity generator 260. In one
embodiment, interrupt handler 270 receives the processor level interrupts
HITEMP and NORMTEMP and causes the appropriate action to be taken. For
example, upon receiving the HITEMP interrupt, interrupt handler 270 transmits a
signal to instruction execution unit 250 causing processor 105 to transition from
the full dispersal mode to the single dispersal mode. By placing processor 105 in
the single dispersal mode, the utilization of components within processor 105 is

reduced, resulting in the cooling of temperature within processor 105. Similarly,
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20 execution node to the second execution node conprises: 11 WO (12/ 2p-49
PCT/ USOL/ 29( 113 interrupting an artificial activity node; and tr

ansitioni wpéyomoa full illsti~uction execution node to a saTgs@A/268L T
uction execution node. 10. The nethod of claim9 further conprising: , 5
suspendi ng the execution of code at the CPU after generating the first
interrupt; and resumng the execution of code at the CPU after

transiti omtwgupbhalmﬁeszwaesmo¢aﬂml|185 tehressitipn hadogdhe full dispersalet hod of

claim10 further co I‘ISI mliing whether the tenperature of the
CPU excee&?‘{eﬁg’ﬂﬂ’éﬁ FEM?M&%@%B\ [ %t er ti~ansitioning to the single

i nstruction ex ) | I=Yag ] the CPU i f the
tenperature of ﬁﬁﬁh lcgﬁgﬁ th%m . 2% aﬂ%&*tgglﬁs éggﬁurfg‘%ﬁ aP%&g’f ter

hansi ti On?bﬂxé}a&g th Bes éo%hﬂ%ﬁ rbfFhd &Qﬂkﬁ!‘aé‘tﬁu hﬂﬁig ﬁﬂ?ﬁiﬁhe Y2 The net hod

of claim IO further conprising: determ ning whéther the tenperature of the
CPU exseetamphiatpe. @dedeling toashetehiteslimbnt, aftmeﬁpt handiai 270 oedides withinhe single -

i nstruction execution node; and 12 WO 112/ 27e9 PCT/ US111/29C03 generating
a second B@%ﬂﬁ@p&nafulthﬁaeemmdm@, intsrruptdeadler B0 may eerudesrinaiad t hr

eshol d after itionitlg to the S|n | gﬁctlone (%éjon nmode. 13.
The met ho&’%‘f“’lé’llgsmpf? stayFm el COREHIRY ‘i‘?&ﬂ;@)n ?W%‘Fﬁlr@‘efcﬁ YA® second 5
execut ! on sBRYR shOal N AR R B L BRuPR 1 7o TS, UBLIRMa Bleeithale™, 13

wherein tRe process o I orun econ executi on nD to the
first exeguiHiRBo gﬂg BRR ®@S: I esum ng therart|f|0|al activity nDde, and
tr ailsitioning f he single insh uction execution node to the full 10

i NSt ?qucti on ekRfue BQBndTBHQs a lbw dixganeohode embodment b2cortegltngthehe fir st
interru.pt is a high tenperatur a
temperature of processor 105. At process block 305, processor 105 is operating in
the full dispersal mode. As described above, the full dispersal mode features
executing instruction streams at very high processor 105 utilization. At process
block 310, it is determined whether the die temperature of processor 105 has
15 exceeded the predetermined threshold. If the die temperature has not exceeded
the predetermined threshold, control is returned to process block 305.
However, if the die temperature has exceeded the predetermined
threshold, the HITEMP interrupt is generated at ADC 220, process block 315.
According to one embodiment, the execution of code within processor 105 is
20 temporarily suspended after the HITEMP interrupt is generated. At process block
320, interrupt handler 270 causes processor 105 to cease operation in the artificial
activity mode. By stopping artificial activity, processor 105 is permitted to fall
below the predetermined minimum level of activity.
In addition, at process block 325, interrupt handler 270 causes processor
25 105 to transition from the full dispersal mode to the single dispersal mode. At
process block 330, the execution of code within processor 105 continues in the

single dispersion mode from the point at which it was suspended. As described
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Wterrupt and the second iizterrupt is a normal tenperature interrupt. 16.
A cenhal processing unit (CPU} conprising: a thermal sensor; 15 an anal og
to di gitawcemerent er coupled to the thernal sensor a di gi trdt/ésohkesoscoupl ed
to the analog to digital converter; and an interrupt generating hardware
coupled to the digital filter, wherein the interrupt generating hardware
generates a first interrupt whenever the tenperature of the CPU exceeds the
pr edet er mibee, tiersingledisper] gede clamps the mpxiraasnatilization ofgampgnets/er t he
tenperature of the CPU.is bel ow the predetermned threshold . B 13 WO

w2/ 27- 4. 4§flﬁbe°rptj§ef%°z39§gAi?}eSP#e %%Cevﬁmfﬁv PiRcesser 1 &ipri si ng: an

i nshwetio Cuf,i Q) (% B AE LG t b Vi ot . 18. The
CPU of ol TR AiPestRblck 3 160 dBlelell Bherel W A REREAAINE * Chu

operate i Brérebdd 05 bomanRsko PBEEN WPSREME prédiesstifed RIMREALYE € 1S bel ow the

predeterm ned threshold tenperature and to operate in a single dispersal
‘node whenéweshdléelfdhe tanapgretuaé tamsainsaladye\thbe piwlefrradieddethneshel, t hr eshol d
tenper atuxe. 19. The CPU of claim 16 wherein the artificial activity
gener at or Presgses 10% i shut fewej processblagkdd0.gener ator to suspend artifici al

activity wwthipn the CPU enever 1o the die t rature i.s above the

pr edet e?/n‘i ned ﬂhl?%‘gﬁvoqr’dt SPReRtEre 021'0‘686%'$1%R§ﬂ§3’8ﬁPéﬁfh€Logi \(; conpri si ng:
a t her nal T TN : ] her nal
Cencor o BrERAG @R HRRHAG ONIVIPAITARKRIIEE oGRRed brbleet BTSN TH

an interr gy TRNG&cafibgf ddde ViR pesiedoed0s & ttiPoftirDy bwpehiiéd gfter Wher ei n
the interrupt generating hardware generates a first 1nterrupt whenever the
t enpenat uthe NORMEEMP ipterpge isgengraied.t A{ plidessehloked$s, inteeryptecdetier m ned

t hreshol d. and generates a second interrupt _whenever the tenperature of the
CPU i s behanslleneodarwitbindptarigd handles sravige 23Qcases migeesseinkdd thanagenent | ogi ¢

of clalm 8 hhtd SheiAOR i Ble"ifictal actifVB Hods! 1h addition, at process Brock 1>
355, interrupt handler 270 causes processor 105 to transition from the single
dispersal mode to the full dispersal mode. At process block 360, interrupt handler
15 270 causes the execution of code within processor 105 to continue in the full
dispersion mode from the point at which it was suspended.

Whereas many alterations and modifications of the present invention will
no doubt become apparent to a person of ordinary skill in the art after having
read the foregoing description, it is to be understood that any particular

20 embodiment shown and described by way of illustration is in no way intended to
be considered limiting. Therefore, references to details of various embodiments
are not intended to limit the scope of the claims which in themselves recite only

those features regarded as the invention.



an instr uction execution unit; and an artificial activity generator. 22.
The power managenent |ogic of claim 20 wherein the instr uction execution
unit caus®s® F4OPU to operate i1l a full dispersal node weneyaoifie di e
tenperat<ire is below the predeterm ned threshold tenperature and to
operate in a single dispersal node whenever the die tenperature is above

t he predet@ramvised threshol d tenperature. 23. The power nanagenent | ogic of
claim?20 when eill the artificial activity genes ator causes the ar

tificial LVl Ly rator to suspend ar tificial activity to withilz the
CPU \/\hene\a}lgfrlétﬁgmgﬁgﬁt%érrper ahlr a is above the pr edetermned thr eshold
tenperatur, e. 15 .Au . A &. o . . "
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3. The system of claim 2 wherein the power management logic further
15  comprises an analog to digital converter coupled between the thermal sensor and

the digital filter.

4. The system of claim 2 further comprising programmable array logic (PAL),
wherein the PAL includes an interrupt handler for receiving the first and second
interrupts.
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5. The system of claim 4 wherein the power management logic further

comprises:

an instruction execution unit coupled to the interrupt handler; and

an artificial activity generator coupled to the interrupt handler.

5 6. The system of claim 5 wherein the instruction execution unit causes the
CPU to operate in a full dispersal mode whenever the die temperature is below
the predetermined threshold temperature and to operate in a single dispersal
mode whenever the die temperature is above the predetermined threshold

temperature.

10 7 The system of claim 5 wherein the artificial activity generator causes the
CPU artificial activity generator to suspend artificial activity within the CPU

whenever the die temperature is above the predetermined threshold temperature.

8. A method comprising:
determining whether the temperature of a central processing unit (CPU)
15  exceeds a predetermined threshold;
generating a first interrupt if the temperature of the CPU exceeds the
predetermined threshold; and

transitioning from a first execution mode to a second execution mode.

9. The method of claim 8 wherein the process of transitioning from the first

20  execution mode to the second execution mode comprises:
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10.  The method of claim 9 further comprising:
5 suspending the execution of code at the CPU after generating the first
interrupt; and
resuming the execution of code at the CPU after transitioning to the single

instruction execution mode.

11.  The method of claim 10 further comprising:

10 determining whether the temperature of the CPU exceeds the
predetermined threshold after transitioning to the single instruction execution
mode; and

terminating the operation of the CPU if the temperature of the CPU
exceeds the predetermined threshold after transitioning to the single instruction

15  execution mode.

12.  The method of claim 10 further comprising:
determining whether the temperature of the CPU exceeds the
predetermined threshold after transitioning to the single instruction execution

mode; and
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-10% generating a second interrupt if the CPU does not exceed the

EEEREE

predetermined threshold after transitioning to the single instruction execution

mode.

13.  The method of claim 12 further comprising transitioning from the second

5 execution mode to the first execution mode.

14.  The method of claim 13 wherein the process of transitioning from the
second execution mode to the first execution mode comprises:

resuming the artificial activity mode; and

transitioning from the single instruction execution mode to the full

10  instruction execution mode,

15.  The method of claim 12 wherein the first interrupt is a high temperature

interrupt and the second interrupt is a normal temperature interrupt.

16. A central processing unit (CPU) comprising:
a thermal sensor;
15 an analog to digital converter coupled to the thermal sensor
a digital filter coupled to the analog to digital converter; and
an interrupt generating hardware coupled to the digital filter, wherein the
interrupt generating hardware generates a first interrupt whenever the
temperature of the CPU exceeds the predetermined threshold and generates a
20 second interrupt whenever the temperature of the CPU is below the

predetermined threshold.
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an instruction execution unit; and

an artificial activity generator.

18.  The CPU of claim 17 wherein the instruction execution unit causes the CPU
5 to operate in a full dispersal mode whenever the die temperature is below the
predetermined threshold temperature and to operate in a single dispersal mode

whenever the die temperature is above the predetermined threshold temperature.

19.  The CPU of claim 16 wherein the artificial activity generator causes the
artificial activity generator to suspend artificial activity within the CPU whenever

10  the die temperature is above the predetermined threshold temperature.

20. Power management logic comprising:
a thermal sensor;
an analog to digital converter coupled to the thermal sensor
a digital filter coupled to the analog to digital converter; and
15 an interrupt generating hardware coupled to the digital filter, wherein the
interrupt generating hardware generates a first interrupt whenever the
temperature a central processing unit (CPU) exceeds the predetermined threshold

and generates a second interrupt whenever the temperature of the CPU is below

the predetermined threshold.

20 21.  The power management logic of claim 20 further comprising:
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generator causes the artificial activity generator to suspend artificial activity
10  within the CPU whenever the die temperature is above the predetermined

threshold temperature.
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