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;}~e3e]._]\: 06, T?H2PCT/ US01/ 29603 WO 02/ 27449 NETHOD AND APPARATUS FOR

MAI NTAI NI NG THE TEMPERATURE OF A M CROPROCESSOR USI NG A FI RMMRE ASSI STED

| NTERRUPT,, MRGENN, SM FI ELD OF THE m present i nyeRhi@ldBsates to

conput er syst ens; nore particul ar “mﬁmum \M invention relates to

| owering and mai ntai ning the tenperat Y& enof a m croprocessor die bel ow a

burnout tenperature. 5 BACKGROUND Throughout the history of m croconputers

there has been a notivation to increase the perfqrmance of m croprocessors.
‘B’p BEJEVFERAEYRE M fiince, there is

typi cal |l y an Mick@aseessOR UsiNcagRR MWtk AﬁsmmdNTmmMmb}waswle

- m croprocessor. Due to the increase in 1o power consunption, the run tine

terrperature of the die of a mcroprocessor may exceed a safe threshold

val ue. Vard %ggwgﬂy exist to reduce the run tinme tenperature
of mcroprocessors such nmethod is to nodul ate the processor cl ock.

Anot her nethod.js to nodu process [ clock frequenc ver, these
net hods 15 cor’rgrllF Bb‘?S@nY‘h‘eeﬂ?ﬂ‘?lH\ﬁE‘?? tﬂegw S’r’f’éh@gﬁq% fic %léfly’cfﬁgi on and

al so decrease the performance of a m croprocessor Yet anot her solution for
cool i ng t tEesephinveRrEon ealples B lowering and malnkining sastsmpesaties afidut down t he

m cr oprocessor and reboot the conputer systemat a later tinme. However

havi ng t o nsibtttpro@ssoitdie belonpubwmnousteaipearatusd.y di sadvant ageous as it
increases the down time of the system 20 Therefore, it would be

advant ageous to devel op a nore efficient nethod of rra(mmummmmmmm run tine
t enper at UBACKGR@UNI®pr ocessor. 1 WO 112/ 27-4-49 P 3 BRIEF
DESCRI PTI ON OF THE DRAW NGS The present invention wll be «wader st ood nore
fully fromthe detailed description given below and fromthe acconpanyi ng
drawi ngs of vafThonghenbdd higntysofohictdveniputesstthera hadheendr matingiion foowever ,
should not be taken to Iimt the invention to the specific enbodi nents, but
are for eipirastgtthe perptmanfef BUEABTIGSOHT yHOWFWrW“ th%cca\srﬂ%ck di agr am of
one enbodi.nent aof a congut er syfs g}ll Fh%ure 2 '%l atgram of one
enbodi mentNFFAS] THUARRTE S PEHOTRANCE e Gt FEPS ya"?'mmﬁbea? f1 ow di agram
for one enpagdi ts r f cessor.
DETALED LA B HobR 18 Relried e ?ﬁr&?‘rﬁ?ﬁ?ﬁ%ﬁt he

t enper at UrRwak c8nsumption, the run time tempelatule 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.



m croprocessor is described. In the follow ng detail ed description of the-
present invention nunmerous specific details are set forth in order to

provi de awdoryough under st andi ng of the present invention. pHgyeyeiosod t Wl |
be apparent to one skilled in the art that the present invention may be
practiced wi thout these 20 specific details. In other instances, well-known
structures and devices are shown in block diagramform rather than in

det ai |, i n BRI DESCRIRTION OFTHE MRAWENGSesent i nvention. Reference in the
specification to "one enbodi mrent” or "an enbodi nent” means that a

particul ar feat ghe prédentitivehion Rfill BOahdGkRoH Thore fABP SohPAR ddfi@nnect i on 25
with the enbodinent is included in at | east one enbodi nent of the

i nvention. %&;@g@f@ws&mﬂ& HEmRAE %&@ég{ﬁ@e@g’gm@%m&{&)ug n various

places in t ication are not neces erring to the sane
enbodi nent . 112127. 99 PCT/ US(I11/29( (13, Figure 1 is a block diagram of
one_enbon Raolreas cb Rt ipupitgn: Bk A o naELe S EAPHBUAAR Fudes. a
central processing unit (processor) 105 coupled to processor bus 110. In
one enbodi fenit theingertigoio the speaficepbedimesty bithareier xplariagiomandni |y of
processors including the PentiunD Il famly and nobile Pentium and Pentium
|| processansiepstandiapbalyl rom I ntel Corporation of Santa Cara, California.
Al ternatively, other processors nay be used. Processor 105 may include a
first level (L1l) : j [ gur ' to one
enbodi nent, pr oz:Fé sglrfl qiggfgg%)grmg}g{gl?ﬁgggﬁbgg%&#uoﬁIa%épgégéﬁgée%de or a
singl e dispersal.nodg.. |In the full dispersal.nmode, processor 10 105
executes mul ti pIFég‘}rﬁ?tl?ﬁglchﬁéagi?maoqto Eﬁnﬁ’ﬂgﬂﬂ?‘gﬁ%G psTYnecEf Yot thent |
processor 105 executes six instructions at a tinme. In the single dispersion
node, pRocessor FigygedzandBbds aflew diggiagrior one gmbadiment of serfaellingdhe o a
further enbodi nent, processor 105 transitions fromthe full dispersion node
t o the singkmpdiasperciaonicropdecaspan t he di e tenperature of processor 105
exceeding a 15 predeterm ned tenperature threshold. In yet a further

enbodi ment, processor 105 operates according to an artificial activity
node. The q?lﬁﬂ\hgﬂlgbmﬁw—ﬁmmode mnimzes current spikes (e.g., (err)
spi kes) within processor 105 by nmaintaining a mnimum|evel of activity

Wi thin processor 105. For exanple, if the activity (e.g., instructions
recei vegh 20 and/sometheRCdHdeDpakab forkRAiaWi@Anp HedRheidmtaedotr eshol d,

sinmul ated instructions are received at proceéssor 105 for processing. The

si nul at ed imitoprotdsemsis tagcribedr & dieellowingn etdikedldescdetien ofeh® pyeseat f | oat i ng
point unit, integer unit or any other device within processor 105 or

conput er syBYHoONgIMerRYS plResific deteils arp setdprih imprder ite prqvide 2 thrsoughe

di sregarded after processing. According to one. 25 enbodinent, the mnimm -
| evel of ad’tr}a‘i?ﬁ%wcai‘gﬂf leé’r‘gieé%gbvtﬂn%%' H&’W&‘;‘@’efﬁvyﬂ@@ra@é’rﬁergﬁb fBcessor 105
capacity. 1 I i . 1 D ctivity

W thin pr ocﬂg}g@g% i%%@%ﬁgg@@ﬁ%{%@%@g Rﬁgﬁegg g#aggir%ic‘ggtgélrl%S% WO

(12/2p. %9 GpRast UytailBdl dihblibsR8id] delllknone AkRatesBAd deRit&CASE SREWAOS S

al so coupled to cache nenory 107, which is a second | evel (L2) cache
menory, vi dandéatkchsgdmciaoneradtes th@2in détail lid oadwt to Avaidaibecurargpthees can al so
be integrated into a single device. Alternatively, cache nenory 107 may be
coupl ed to IPRFBEFVERIIDS by a shared bus. Cache menory 107 is optional arid
is not required_for conputer system 100. Chip.set 120,is also coypled to

br ocessor bus 1 FSeTireoR S IRsEHEN © Ohr LB TSY PO s BN p set
avai |l abl e f I cation; ver., : be
Gsed. i p Eos By plRlRat Akl e e s st BBl o Bhe o, 0°

Mai N Meor Ywitd he dibddiflent Bhhaaatd 224 168Y oid &abbdiGhdHl of &R iAG&RIoRI at ed
Graphics Port (AGP) Specification Revision 2.0 interface 320 devel oped by

| nt el Cor pditetdppeamhcSaftthe Sheasa | inCak iefrdodirmentAGPvanusflace 188@ i s coupl ed
to a video device 125 and handl es vi deo data requests to access nmain nmenory
113. specification are not necessarily all referring to the same embodiment.
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15 . Main nmenory 113 is coupled to processor bus 110 through chip set 120.

Main menory 113 and cache nenory 107 store sequences of instructions that
are execq&§q2gyuprocessor 105. The sequences of instructi @ag R4psdhed by
processor 105 may be retrieved frommain nmenory 113, cache nenory 207, or
any other storage device. Additional devices nmay al so be coupled to
processor bus 110, 20 such as multiple processors and/or nmultiple main
menory devi cesFighanpistaeilodydib grand 6Donsembadifrienedf 4 corhprtes systern 180.ngl e

- processor; however, mnultiple processors can be coupl ed toOgrocessor bus

110. Vi de€odwnitersyss 14 iafludecoopiterd prerestingusis{proeesson) 409 aeurdadodi nent |

- video device 125 ipcludes a video ponitor such as a cathode ray tube (CRT)
or i qui diepysesser s bi0agn b s

CREBPPRATNHECRIOESHY YB 18 f BHUEEsE iR ry.
Processor s 1 I S C 0. . b t 0. In one
enbodi rrenF ?Hté?gégf%nglgs&%%&?sg Eé;“%_}é?‘%’%gg%g? ené%%p@é)ﬁef%?h?r@ grlgéﬁ%ect (PCl) bus
4 WO 192hdfmEhfiGHdnkildd I 4rd8dssdrbavatdine hBsh nfel TobpSatibh oRbh@A Revi sion
2.1 bus devel oped by the PCT Special Interest Goup of Portland, O egon;
however, «qidierCalifsrrsad.aAttandsveimyothesprdoessusaday Militddp|Rrockssock®s, such as
audi o device 127, may be coupled to system bus 130. Bus bridge 240 couples
syst em busmay3doclude adegiaeal {LHgachespempry G196 skawvin HigHte Dsecondary bus 250

is an Industry,Standard Architecture (|SA} cificatiop Revyision 1.0a bus
Govel oped by | AEGHALE 68 SIS HRSY. ARSRARE LRt SR e k. Fowever
ot her bus : DEo i 1 LOduss Ty

St andar d ﬁsﬁf)%btqg{&%a?g? %{é‘ﬁgﬁodlggeelgiﬁﬁﬂ ?:czia{' ﬁ%ﬁﬁéﬁiﬁ%3ﬁ%£’v§oped by .
Conpagy ConpsiteicutedimdtipleNHthudons dey HERS Acbelingt drrdnsbdithedt) 153 and di sk
drive 154 may be coupled to secondary bus 150. O her devices, such as
cursor copic@bsod@0s exasutassix instowetions aFa ¢iuree Id the single déspectiph sddeo secondary

bus 150. Accordi ng to one enbodi nment, a basic i’fr;}g‘;:t out put system (Bl OS)
155 is coppresasor 305 exasutrsope inssrurbon apy el g cpising thesfugthesys of
progranmabl e AND 15 gates and predefined at.es t.hat staqre, a.set of
routines \?ﬂﬁ’eﬂnﬁ?l&v?’g’éeﬁﬁl f%té Sgtk%‘sﬁbqlﬂé}é% Hﬁspoebﬂf’%f’? 83@? %lﬂglﬁnd
conponent §. f.-ﬁm £ ArGRI Lo 9pEeeRbedLENt, Bl OS 155
transm tsaésgjslnsg S %ggélpé%:{gés%qflt%get g&]i r????%tee %he (g\enera ion of artificial
activihy phediQGEH6Q tenlfiraturdttbshoddrbodi ment, BI OGS 155 is programabl e
array logic (PAL). However, one of ordinary skill in 20 the art wll

appr eci at e t haln pithdnritienérobediment, pgocesed 105 opatatesaseardBIZI8 a55. Accor di ng
to one enbodi nent, processgr 105 includes power nmanagenent S{t’ﬁ‘%lé? to prevent

pr ol onged ;ﬁtﬁécﬁ%ltaicﬁﬁltﬁéfmélﬁc b8 artiinial agtiiheod pYRin R ZehBLUFGIH %% conput er
system 1054 ¢ 4 ; &%nﬂﬁ.xkg;éf TIoNE watts. Such
power consg Su?ﬁ%ﬁ‘ﬁ%@%@?@%%@%ﬁ% over heat aﬁd lead to 25 the
eventual burnout of processor 105. Figure 2 is a block diagram of one
embodi mentwiinpeeqessatlQp.eFeropmmple, digthe agiEtinetghilRstHHEIOns §85£1Ved5. Referring

Fi 2, 05 incl ud h I 22Q,. . WD 112/ 27. 19
SR LRI O RN S o T
| nterrupt Generath 395&%5&\%@ 5 Brodelihd UPd SIMuENER HsLABIANY dha BO. and

artificial actrvi ener at or _ addition, processor 105 71s coupled to
an interr Hﬁei@@&ﬁﬁh@iﬂca@ﬁ@@@é&ﬂbﬂj’gaﬂ@amﬁgﬂ@iﬁbﬁﬂitm&tger GRIBSOANY10 is an

anal og sensor that continuously nonitors the tenperature of processor 105
duri ng t hetlogetesideovitlih proressordf5 sy streputt0 Sy stexd@0R 20hd xesulbuipi e t o sensor
210 and converts an anal og tenperature val ue received fromsensor 210 to a

one-bit disgnulatedsingiustionsdsadigraggrdest alisa PEHSEINGrenfCOrdBE 1998t r ansni ts a

How | Ozgi ¢ elnﬁa\{a%limgr?f, Hie minimum level of activity within processor 105 is seventy
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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logic 0) if the tenperature value received is below a predeterm ned
threshold and 10 transmts a high logic level (e.g., logic 1) if the

t enper at uMO VHEI M@ | S above the predeterm ned threshold. Ongeplus®iBeeRr Y
skill in the art will appreciate that the conbination of sensor 210 and ADC
220 may be replaced by a digital sensor in other enbodinents. Filter 230 is
coupled to ADC 220. Filter 230 is a digital filter that renpves 15

t enper at ur’@PABiYse conditions for a predetermni ned nunber of clock cycles.
According to ope

enbodinent ., filter 230 determ nes how long the die
tenperature is 1%188\3/81“%?5%% lwltoﬁeéssﬂ’rﬁ%éf &SHFWG ke eache ey dOg i niti ati ng

a hi gh tenpriptdd &Bhd I re.i Erupt espectivel y.. According
to a further enbodicr%%n"tﬂ%%gﬁé? {:ﬁ@gﬁﬁ%ﬁ%ﬁm Eég{e(ralec Hj\?le C&%ﬁ@%f@o\rﬁ’ieﬁilons for
two cl ock ad Iy@kRS mehibrite taakd bt ek o @ROs R Bih o1t 28 1AV R ;
predeterm ned cl ock cycles may be pr o%r anmed intgedi giltal ﬁ?@{e"rd’ze,o.

| nterrdpt cgelremamiony10vamedyde eo@dled its prmegboeti0R oy 4 shdred bag0CadHt er r upt
generating hardware 240 generates a high tenperature (H TEMP) interrupt
upon t he dREPRMYE S PRI ANG isRetgeiirehipr sxmputir sgstemal08r edet er mi ned
threshold 25 t [ e, ;Subject. to the operatjons of fjlter 230, In

addi tion, intert ﬁp?&gg@]graé OlcﬁJle egr@v%ﬂp%esﬁg’ujgﬂ@r t e e&“‘%?ﬁﬁlﬁﬁptrtcéﬂaperat ure
( NORMTEMP)set 10086 fHEA40BR QR; {5 I . gessor 205 cooling

bel ow the st D015, 2928 S 1 B SRR bR SRR e 58

tenper at usets chnalso ®e eSO ACHipYet 120 b Id@H LR chfardllaasim tted by
interrupt generating hardware 240 as the HI TEMP interrupt. Further, a |ow
| ogi ¢ Wevepniralling armaintmendotyy113n Farthap chipseeX28tmaygalbaindhateean?40 as t he

NORMIEMP i nt rfu&h. ?)}g of ordinary skill in the art will recognize that
the oper attSHeBfehBeaRve Tl (el eRresification Ragisiond:( isteréacedd®i on unit 250
det erm ne i de.in i pro or. 105 eragtes. I n one
enbodi mant%l ,egllgﬁg% Egﬁ%ﬁé%lﬁgﬁﬁno fvgl%ﬁfathq%% Adtreee- &%lgggglg?cef@g 1% o operate
in the fulbugics RSk Sieo YRS ARY BhnlifEviics €1dc8sslghigw t he |
pr edet er m ne}?} t hreshol d ter?per atur eTl Coﬁveer ggﬁ}f@ﬁg%ﬁ%?dg%su{ﬁ? 10 250
causes prowassgrl1305 to operate in the single dispersal node whenever the
die tenperature is above the predetermned threshold tenperature.
Artifilgi al actMpin pegungddl srcopplrddoproassorbue 140 thirbugh ahipaet120i ty wi t hi n
processor ,105. As d-eﬁ, }raipged above, anp artificial activity node m nimzes

i

current spi #}Pé DR cadegremgry 17 stere seananceroldnsiwitionmthasaed  of

activity. LS9 Gl | A erator 26Q. determn t he | evel of
artifici aleﬁgcilth{dvﬁ ell Otcé“"a%tO pﬁsd' \gehtneégre gﬁée}] E%PP%’?%%‘g?QSFXi%?£§¥BW8?W§ to one
enbodi mentgs @Gy ibk ireirAve @&bhvinkih SERRL 2o b4 & ctivity

W thin processgr 105 whenever the gﬁeﬁ?gﬁgmﬁﬁggéﬁg ab%lvég{ﬁﬂégl

pr edet er nbtesapetdevesh ddilitiemp devices may hisbérrcopplel an gk&iessdf Guk 316 0upl ed to

i nterrupt generatj _n? har dware 240, 20 instruction execution unit 250 and
artif 281 afUdasiuttiplepypspssotsranglgor muitipleanainiuamemyrrevidest Eomppterhandl er 270
receives th% ﬁaﬁ@es or .level inte rlﬁgéls H TEMP and NORMITEMP and causes the
appropri ate 3 if Jescred inytenms of 4 stagle processonaawevesanyitiple t he HI TEMP

i nterrupt prdc_@;s%f‘sr %tbe%ﬂﬂle%rto%Z‘chtsgcﬁ'rb%g'gﬁgo‘e’%dseg%%cetlQS %SP%% c%%&a{ler%g ful |

execution unit 250 causi hg processor ransi tion

di spersal tgahig séta20hen GidGhBodlh&RENsdlo AR 1B AG d1GidRE ARARRPT 105 11
the single dispersal node, the utilization of conponents wthin processor
105 is 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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reduced, resulting in the cooling of tenperature within processor |05.
Smlarly, 7 V1' O (12/27~~"1 PCT/US111/29C(13 interrupt handler 270
causes pnrREeSsEw105 to transition back to the full di spepgqlysipsgesipon
receiving the NORMIEMP interrupt. Further, interrupt handler 270 transmts
signals to artificial activity generator to suspend and resune artificial
activity dependi ng upon the die tenperature. According to one enbodi nent,

i nt er r upt adiertgeto aXSfRcifiesticteRewisibhi2il Wis@8valsped by the PUE Sipreial dntbredi nent
interrupt handler 270 may resides in main nenory 113 upon startup of
conput er Syetpai Hodandidvregen; hayryepfothgrdiugstapdakdy may alsopratsedt wi | |

~ i ate that t t h | 27 | ted el it hi
Computer Sytialndesises sutheinas Shv a2 AR e RRG oA o Cone.
embodi ment  of ﬁ&&ﬂ;ﬁ&ge'lfég%{)gf}@s Eesfég%}ﬁrb%!iéﬁoﬁééec%ﬁiﬁgﬁg’ﬁsol%-mlét process

bl ock 305, processor p ng in I spersal node. As

- descri bedeARBYBneritRcdrit dry BLS P5U Bah DGR SahdddsA Rkfeatid(@SANSt ruct i on
streans at very high processor 105 utilization. At process block 310, it is
det er m neBpedifitation Relisiahi B04 bupdewiaped yfInparoatéysd Budiogssidschigeseiceeded t he
predeterm ned threshold. If the die _tenperature has not exceeded the
pr edet er midwewnknNewhoirk, Hosvavep|othey h“ég&ﬁéﬂlﬁ"’tfﬁa}b?]ﬁ%%k&ﬁﬁg@k 305. However,

| nt er'r upt SXURGEIGTE] OB 50 BB AR iGT RO one
embod! Ment 1o AGBEER U LRMAL @oqﬂguegdt-,te? ) MERERSicch Ktichs Brd glIROT a1 | Y

suspended”after t i'nterru IS generated. At process block 320,

i nterrgpt 158a8 85k e 034 SOF Y QUPESIGD sddindas; FEaHe. phenddvides) suchhe
artificial activity node. By stopping artificial activity, processor 105 is
per m t t edat ousfsat tontell dewitésnpt daetenmFigec i maynbecoepled tosecapdaryity. In
addition, at process block 325, interrupt handl er 270 causes processor 25
105 to tr&Hs8l¥G.on fromthe full dispersal node to the single dispersal

mode. At process block 330, the.execution. of .5 Nl r 105
continues in t%‘éc%flﬁ’&hg O&efgg)rpglil%ﬁn h%é%m? P § ﬁg’ 6%5’%?‘5‘3?%@%’%? t was
suspended.,, ed%i?%dohﬁﬂw bud®P58 18T 1853nHadbddpdslof/ptdirhiinaiouevDt he single
di sper sal e clanps the maximumutili zati on of conponents wthin
procesgor ghls andpréddi@st|OR ghtaetaoweie & st padtirey witidepssade 405 is |im ted.
At process block 335, it is determ ned whether the die tenperature of
processor idi@Facortiveerethetaperating systeboand cdmpenenteefcopinvder tvstepet®: ur e

threshold. If the tenperature repains_above the iﬁr edeterm nf(?a_nt hr eshol d,
processor Agerding trere ephpingspb BQS bt Barsmaiinsieng!s IhRRseEr 198 die

tenperature, o rocessor 105.talls | ow.t . term - old, the
NORMTENMP iW@Iertﬁfnge?eéalé%lhggﬁf% 1,a5 %Crnglc sa\gpi)%g?:ﬂ%g 3% & ’Egn;ﬁécf:c%% ?gpr’] of code
Wi thin pr i . QAL 1bghc e THIRFevdth | die EQranarNIRIVIFEMP
i nterrupt %?ggggéllesﬁ%?%a%tgﬂgrocgssgib oc]LI?GBSO, i nterrupt service handl er
code Wt hithe hittvallapptechan tae btige devices AP be apsk® ipdevestBIOEI55t 0 conmmence
operation in the artificial activity node. In addition, at process bl ock
355, inter r upcrondingitoamezpibadiment Pprcseses $6t inghslep oWeR RENAEFREHr om t he
singl e di spersal node ;8) the full, diazger sa% m)qlefu.At PLAcE srglllgjg;nke 360,
i nterrupt ASAYP BIeVEBt PXAEPIESHORETANNE A5 REEHT BP0 ESue W tehi i " pr ocessor 105
to continug in the f -Sper si . i i it was
suspended .O?Wlé‘lp‘el & SX%{%‘ @Ft tglr% éjt% :“geg 55%%311%{)%@ ?%g?(?glr?g&% ?%f)?g sent
i nvention wadd safahgg%%} cHREDARIAPRRY BAlisetpRo@sRRNOB B Oferheatiandilyadsisi | | i n
the art after having

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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read the foregoing description, it is to be understood that any particular
20 enbodi mrent shown and descri bed by way of illustration is in no way

i nt ended w0 m2@onsi dered limting. Therefore, references pormsédvbe of

vari ous enbodi ments are not intended to limt the scope of the clains which
in thenselves recite only those features regarded as the invention. V1%
02/27.1-19 CLAIMS What is clainmed is: PCT/U SII | /29C (13 1. A system
conpri si ngralagdetdigital spavartes (AR ARE, A fdfwR30inieraiph gerpra@rgbpudotardes power
managenent, |.ogi ¢ that that ena the CPU to operate in_a fjrst execution
Tode whendlr efiut gt o B pad apchalosut BAE ARt dim ned
threshol d 26 AP 81851105 & SHOVAtEXEHHL . i erature
of 5 the CPUIs 'g)ré?%ew tlhe preggt er r?i ngﬁ%h“?’g?ﬁ%‘?% %qﬁg{%@g?%%ﬁ%? claim1l

wher ei n t kenlRRliBientyBOIRYE DENs ah Q@R gGeifrith@STonantfielyRlonsoRs@e; a digital
filter coupled to the thermal sensor; and an interrupt generating hardware
coupl ed t demiperating afgirodessarddd dwhingeéhmopdretidof cungprutapsysgenddGit ARG har dwar e
generates a first interrupt _whenever the tenperature of the CPU exceeds the
pr edet er miardds @E%Pé@tﬂ s P10 and canedtsancaeigtempestrpralup eseived t he

t enper aturflao qfseﬁsré,zﬁ%eéaipg lejt%é%ggﬂgﬁ%fdet erm ned threshold. 3. The system

of claim erei r | ogic further 15 conprises an

anal og to digital, & dritfenfy s %ﬁt,%g@%nﬁﬂﬁﬁi‘ﬁﬁiog@ﬁ%&r(e. nd the

digital filter. 4. Th& system aim2 furt conpri sing progranmmmabl e
array | ogilegit BNS)the whepeeitard VelluPAceivdlisiBdswalpredb@fmitet thrdsHbid aridor
receiving the first and second interrupts. 10 WO 112/ 27. 19

PCT/ | 18l | IFaspiit3 gh Tugic leyel(em, ddgic Lpif thedteniperagire valee jsabove lenagenment

| ogi c further conprises: a}a instruction execution unit coupled to the

i nt errupt MgARiEERned threshpld, Onejof pxglingry; skil irythg ety dh appreciaisithat the t he

i nterrupt- dler. 6. The,s claim5 wherein.the instruction
execution C@%ullagtla()@scgg’ elﬁ%aﬁfﬁ@}@%ﬁ%gé%@gy :bﬁl%Pl?‘ifﬁlbya% glﬁéflg%ﬂm%ﬂe whenever
the di e t RSB meatsPel ow the predeterm ned threshold tenperature and to

operate in a single dispersal npde whenever the die tenperature is above
the predet erm Fdebr 280 8sdaplbd to ADC 220. Filter 230 is a digital filter that removes

15 temperature noise conditions for a predetermined number of clock cycles.
According to one embodiment, filter 230 determines how long the die
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



- 20 executjon m)d? tiogtiggyse_cond executi on node co

g

tenmperature. 10 7. The systemof claim5 wherein the artificial activity

generator causes the CPU artificial activity generator to suspend

artificiabodshiMhpty W thin the CPU whenever the die tenmpepaihiBihgoprbove

the predeterm ned threshold tenperature, 8. A method conprising:

determ ni ng whet her the tenperature of a central processing unit (CPU 15

exceeds a predeterm ned threshold; generating a first interrupt if the

t enper at uprdeferiniigedRbsprobibRep el dtard riadek enttiodadeiths aiphdbglic leiedlis

transitioning froma first execution node to a second execution node. 9.

The net hottawdmittedi by i8tantigtgenerating pawsyears 260 as thedSITEMIhIv#Plom t he first
n ri ses; .1\3% V1' O

112/ 27. 195w ylay ¢his tiaRgraadty SELHPLEePRIRrRp Rpr AR 95 node;  and

transitiogi f.ul |0 nskr ' | i j

instructi %ﬁ x%?:\}g@ Iglrl? dr%tljlgptl pb’%@%{iﬁggﬂ%};ﬂ@? %ﬁ?nﬁgtlgctfgp ee? H%:tgt#}%ri sing: ,

5 suspgndj)}g}g.qﬁgﬁopggmpimﬂapge;@,d_pseat the CPU after generating the first
interrupt; and resum ng the execution of code at the CPU after

transitioni ng Instrubigorséxeglidon tsit P3detormimes thet dispersad dendelih whible net hod of
claim 10 further conpri si ng: lo determ ning whether the tenperature of the
CPU exceeBwcesser pPeparatesi b@netqmleaschmeatfam&%w Hpp gxequtips AHEOP 62886 si ngl e

{emper at PG I PSR B T BB s Mo e G
tenperatu i r

t iti i i L e L] I : Th t hod
of i ai m EOeR P gDl R et B g e o1 the

CPU exgeeds dhiRedhRIEIEF 10518 Gpbhteanak dirdiid @kpérsannodd @RbR@el thd die si ngl e
instruction execution node; and 12 WO (12|g7- L.t9 PCT/USIII/291U13

gener at i ngn@peetoads dbove thupiedetermhined CRidsbioddgemperagweeed t he predet er mi ned
Tl @ ATt S ackviy geibraior 266 comtibhs he anihcia actitty Wil O 04
processor 105. As described above, an artificial activity mode minimizes current
spikes within processor 105 by maintaining a minimum level of activity. Artificial
15 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,
20  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
25  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,

7



13. The method of claim 12 further conprising transitioning fromthe second -
5 execution node to the first execution node. 14. The nethod of claim 13
wherein twopr/eaess of transitioning fromthe second execupipiysiPpsged 0 the
first execution node conprises: resunming the artificial activity node; and
transitioning fromthe single instruction execution node to the full 10

i nstruction execution node. 15. The nethod of claim 12 wherein the first

i nt errupt intermpthghdlee Apkcaases @ocesser 1000 tansitiphdacletrothd falhtisperspt i s a
normal tenperature interrupt. 16. A central processing unit (CPU

conpri si nghodge ‘ﬂh@?%\%Plv%gﬁﬁ\‘OBMTﬁMEHHP’GBPQ o digital converter coupled to

the thernmal senso coupl.ed. to.the 0 digital
converter; and% E'ﬁeht“édﬁeﬂ ?%‘éch ﬁolt}‘?éls ﬁsﬁﬂ}agtg@b%ﬁn %lﬁg %ﬁe di gi t al
filter, whehlfod @Subhhff dtiPlesRB RiAIANYBARINGIE dle fi 15t

;1nt errupt V\/nenever the tenperature of the U exce e pr edet erm ned
t hreshal d teffegRiR H®6rdng b aRcanbbdificat, inetrupbRaRIIeF 27toh@51uesm&h§t ure of
the CPU is bel ow the predeterm ned threshol d. 13 WO 02/ 27-t-49
PCT/ | 1S( 1 BIQ8®53 3111 7 furtle eGRidddhemt) miterrdpt Handidrye70 omaypesidienir mainm

instruction execution unit; and an artificial activity generator. 18. The
CPU of cl dnemery WRstRANStiap Phearmmpizter Bistean d0ithloweven eneeftdinatye CPU 5 to

operate in rsal enev die te r at bel ow t he
or edot or ikt e abh AR R P ey PSR bl it P Begiet et ey o
node when ure i s above the, predeterm ned threshold
terrperatusgl. Tg&ﬁ;ﬂn&(ﬁ;@@ﬂf (g)ltal m 16 wherein the artificial activity

gener afoor causFsgireBaantlizbiish Aowadihfand for @28 efilodimé:® oF dsvEeslingthd fi i al
activity within the CPU whenever 1o the die tenperature is above the

pr edet er niteragetaimesigrdeassord6b.attipeace@hlodoiiS; proeassge hidnis opemitingdéonpri si ng:
a thermal sensor; an analog to digital converter coupl ed to the therml

sensor a dhgﬁtlbﬂlsf’?#s?]emoé%u@ﬁ descriped Hho‘é@mﬂ?eofg‘ tsrergll madedediistt er; and 15
t h dto th filt wh th

"t err upt el PRy ARG R e ReE PrdRreatiof hildatom: ARty the

tenper at ”rb?o% £ONM [ Qe tBFRAE] %s}l{ég‘léf@hé dietEbe mﬁgﬁeve?lééﬁ%& HesghLr M ned

t hreshol d and generates a seco I nt errupt e tenperature of the
CPU i sishelegieddrd the peeletsriminelihtdshekh df the dio tetdperdhige payRst deesgament | ogic
of claim20 further conprising: 14 W) 02/ 2p- 49 PCT/11S(11/291r 113 an

i nstructi dhe pmlmn6®ﬁutsh¢hc¢oah0biﬁmﬁumdaﬂo raotdsy blogkgémer at or. 22. The
power managenent |ogic _of claim 20 rein the instructiaon executl on unit
causes the CPUHvessrihthe 41ﬁteanmﬁturag§ﬁa@f6§%dedn%@r HavBedt he die

d d d
ot g e S L S0 S AR g 1D over e
predeter m#gﬁ%@?ﬁ BAL gm%?, it aﬁtt‘ﬂE %xec%t@ionmgoc&owﬁﬁlﬂ'ﬁ‘a@&@m i 0gi ¢ of

claim 20 e arti activity generator causes the artificial

activiiy gemposdifly suSpdidepeand: etHIIEMRInta@etpiis g¥ndiatedi tAtiprotdseblobk)
whenever the die tenperature is above the predeterm ned
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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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.
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What is claimed is:

1. A system comprising a central processing unit (CPU), wherein the CPU

includes power management logic that that enables the CPU to operate in a first

execution mode whenever the temperature of the CPU exceeds the predetermined

threshold and operates in a second execution mode whenever the temperature of

5 the CPU is below the predetermined threshold.

2. The system of claim 1 wherein the power management logic comprises:
~ a thermal sensor;
a digital filter coupled to the thermal sensor; and
an interrupt generating hardware coupled to the digital filter, wherein the
10  interrupt generating hardware generates a first interrupt whenever the
temperature of the CPU exceeds the predetermined threshold and generates a
second interrupt whenever the temperature of the CPU is below the

predetermined threshold.

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 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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interrupting an artificial activity mode; and
transitioning from a full instruction execution mode to a single instruction

execution mode.

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

12
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u& () - b pEfélizlLé%&VlEml\lliEedEt%m%Fol%l f!: %gg{esgiﬂ()}ﬂl ]to%% é&ngle mstruction execution

mode.

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

5  execution inode 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 éenerating 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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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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