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MAI NTAI NI NG THE TEMPERATURE OF A M CROPROCESSCR USI NG A FI RMAARE ASSI STED
| NTERRUPT MECHANI SM FI ELD OF THE | NVENTI ON The present invention relates to
conput o eystens; nore particularly, the present inveRCTomIreigtes to

| owering and maintaining the tenperature of a mcroprocessor die below a
burnout tenperature. 5 BACKGROUND Throughout the history of m croconputers
there has been a notivation to increase the perfornmance of

m cropr Ocesi?ﬁoctwﬁvat%m{s@okmﬁ?ﬂmetmg TBFEBS Bk B AT CT OPr ocessor

per formance an i1 ncrease_in magni tude of power
consurmed DYIERRPRAFESSQD %@%@FMWEAtSéIStTHéIW?F@FH%MKFHW@MpOV\/er
consunption, the run tine tenperature of the die of a m croprocessor nay
exceed a safe t hreshol d value. Various nmethods. currently exist to reduce

the rumtipet epmEnaygNeION m croprocessors. One such nethod is to
nodul ate the processor clock. Another nethod is to nodul ate the processor

cl ock frequwgresg%&v%yg{mntrgg a@%r sé@t&ﬂm{dﬁ L&ict.ne! h@lrédvvare desi gn

i npl enentation ation an ase the performance of
m croprocessor. Yet ?noth & sol ut| t he run t| me terrperature

of a nPECEHrBRELN} refates g IaneRN &M mﬁw&w*g L)f)p% LAY reboot  the
conputer systemat a later tine. However having to shut down the conputer
is obvmwgpspcmsgadwhﬂkafgeé’asn% temP§IABRRases the down time of the system
20 Therefore, it woul d be advantageous to develop a nore efficient nethod
of maintaining the run tinme tenperature of a mcroprocessor. | 2 4 MAR

20155 BAOKBROTIND

Throughout the history of microcomputers there has been a motivation to
increase the performance of microprocessors. However, with the constant
increase in microprocessor performance, there is typically an increéﬁe in the .
magnitude of power consumed by the microprocessor. Duc to the increase 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.
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PCT/ US01/ 29603 BRI EF DESCRI PTI ON OF THE DRAW NGS The present i nvenzt i!torM% ?ﬁ“b
be understood nore fully fromthe detailed description given bel ow and
from the acconpanyi ng draw ngs of various 5 enbodi ments of the invention.
The dr sw spgsssvhowever, shoul d not be taken to linmit tREVURVEHon to the
specific enbodi nents, but are for explanation and understanding only.
Figure 1 is a block diagram of one enbodi nent of a conputer system Figure
2 is a block diagram of one enbodi nent. of a mcroprocessor; and 10 Figure
3a and BRIEE DESCRORTIONP BTN RENNrbodi ment of control ling the
tenperature of a m croprocessor. DETAILED DESCRI PTION 15 A net hod and
appar at us f oThaBidataiinvargiotivellbernpderstapdenere Mlly foa Bisrtdaitedor i s
described. In the follow ng detail ed description of the present invention

numer ou eci fi e dataid an@t@nstle at@nhparymmgodideringsoofpraosionde a t hor ough
under stglﬁ%‘?‘r]i)gogig?‘f%g pr‘esgnt ilnventi on. However, it will be apparent to one

skilled in the art, that the p y I : ideocPpragieses W t hout

t hesé 26“@’}9@’6?‘?‘1%0{1%‘[3é{‘?‘leg.@’l’“’nﬂg?ﬁ%&v%]%? g{f‘lﬂg{e}({s} % | -known structures and
devices are shown in block diagramfor ather th | tail, in order
to avoi tirobtheimiengion ke thesps F\f"g\;"ﬂ%‘«?’rﬁnit%}f.u{ REF ST € (l:%‘q‘lhr?gta g speci fication
to "one enbodi nent” or "an enbodi nent” neans that a particular feature,
struct ugade@fandii @éxdy.eri stic described in connection 25 with the

enbodi ment is included in at | east one enbodi nent of the invention. The
appear ances g, feishN6@ssiagiai simeenitadimentdl aicomparténysteptiaces in the
specification”are not necessSarily all referring to the sanme enbodi nent. 2

-2 4 MR 20 R4 12/&;&4{%359;( e LhdW@Rent of a microprocessor; and

1gure - I5a

10 Figure 3a and 3 is a flow diagram for one embodiment of controlling the

temperature of a MiCroprocessor.

DETAILED DESCRIPTION

15 A method and apparatus for maintaining the temperature of a
microprocessor is described. In the following detailed description of the present

invention numerous specific details are set forthin order to provide a thorough

understanding of the present invention. However, it will be apparent to one

skilled in the art that the present invention may be practiced without these

20  specific details. In other instances, well-known structures and devices are shown

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

present invention.

b hd : n . 0 : (]
Reference in the SpelelCat‘IOI‘l to "one embodiment” or "an embodiment

means that a particular feature, structure, or characteristic described in connection

25 with the embodiment is included in at least one embodiment of the inventon. |

i 1 " $ laces in the
The appearances of the phrase "in one embodiment” in various p

specification are not necessarily all refexring to the same embodiment.

2
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Figure | is a block diagram of one enbodi ment of a conputer syste‘%ﬂlo .
Comput er system 100 includes a central processing unit (processor) 105
coupled to processor bus 110. In one enbodi ment, processor 105 is a
processeyo idprihe Pentium(r) famly of processors incl uBeHysStIREsRBEBent i un(r)
Il famly and nobile 5 Pentiun(r) and Pentiunm(r)Ill processors avail able
fromintel Corporation of Santa Cara, California. Al ternatively, other
processors may be used. Processor 105 rmay include a first Ieaéel (Li) cache

menory (not Efgwnlige lFlp@luﬁléglP}'n ONE(WHJOHQ“‘PU Cﬁﬁéoﬁﬁ’b‘é‘ﬂlsﬁétﬁfn rocessor 105

t t h f ul di I d I
The Tul Kamefier SaleshiiinciEeem Prorbs i But st CRRE i Muct | one

TR Jis R qngnee%,ﬁgmmegpgs%cewo@qmq Drb0BsEXRAKE €S Si X

|nstruct?5’?‘1‘3":&:%15{)1 e sin i spersi on ‘node, processor 105

execut e, ﬁﬁ}g G bPtedbraAnt ulihg the PoiteliA@ It faindlyf altd ebile enbodi ment ,
processor 5 tran ons fromthe fuI | di spersion node to the single

di sper siPeftim@eidRImtiuRe® Hipeodessipenwilable fim brtelc@@s?oratm@@féﬂnﬁledl ng a 15
predeterm ned tenperature threshold. In yet a fur{her enbo msnt processor
105 ope&ﬁr%ddgmdl‘ﬁ@méh‘mﬁ)’ CAlN QT PFPRPRNS ’&‘é‘i’|"(‘7‘|'-'t5§/“i nBesessehiBar t i fi ci al

t t d k th
105 by Febingne e Teeh ) ehe sy tadepdivin HedRLS) cobenor oo ror!
exanpl e, if A&%r&)g. te{bﬁyergsocg tent, %%cre%wmp&s&ehva@wm fand/ or execut ed)

falls bel owa term ned t res , Sinmulated instructions are received

at proca%@&fsaﬂfﬁédéefaﬁhgﬁmml mbHe Ki i kel dipenst mude,ippoeessmy be
received fromthe LI" cache nmenory, a floating point unit, integer unit or

any 10 otmexdaubﬁﬁzmh;ﬁibnﬂhpcmessas@m&%@pr@omweﬂre@?@‘i'@?ﬁ“loo The results

of the sinulated instructions are disregarded pr.ocessj ng. Accordi ng
to one pBcessboHIRIAEutes HE FTHERRA At & fBte: P theting ‘@SRﬁ‘f‘ﬂi‘ﬁ“ bcessor 105 is

e m peRteor Lodeniegt oty ek e (sl IR, 1% har o
per Cent&ggédxm\enerpqsge?)&:d?rlﬂé%nﬁnons from the full dispersion mode to the single
dispersion mode upon the die temperature of processor 105 exceeding a
15 predetermined temperature threshold.
In yet a further embodiment, processor 105 operates according to an

artificial activity mode. The artificial activity mode minimizes current spikes (e.g.,

a spikes) within processor 105 by maintaining a minimum level of activity
dt

‘within processor 105. For example, if the activity {e.g., instructions received

20 and/or executed) falls below a predetermined threshold, simulated instructions
are received at processor 105 for processing. The simulated instructions may be
received from the L1 cache memory, a floating point unit, integer unit or any
other device within processor 105 or computer system 100. The results of the
simulated instructions are disregarded after procéssing. According to one

25 embodiment, the 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 103
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24 MAR 2001 WD 02/ 27449 PCT/ US01/ 27603 capacity. In one enbodine%#i MAR 200
processor 105 is also coupled to cache nenory 107, which is a second | evel
(L2) cache nenory, via dedicated cache bus 102. The LI and L2 cache.
menori agoGakygd SO be integrated into a single device. AGRYWaRIWély, 5
cache nenory 107 may be coupled to processor 105 by a shared bus. Cache
menory 107 is optional and is not required for conputer system 100. Chip
set 120 is al so coupled to processor bus 110. In one enbodinment, chip set
120 is ¢dpecifdOBX chip set available fromlIntel Corporation; however, other

chip sets can also be used. Chip, set 120 L nclude y controller
for 10 cont FBPREARLRMRETYY RRERRFFS @35 al??]??‘fr%gfyc} l°cﬁ?Ff§%‘é}E%?§§%y al so i ncl ude

10 cont HBPPFABLA e, i pecl 990 hay al so |
320 dovalBpa ByoTRIAE LA Hrsriaey Vaas TR IROELY LG e

| nt er f gy BAAchS mefil esh 519 Be i dgaredanidiesidPe danitehANSh@svlydeo dal a
regquests to access main nenory 113. 15 Main nenory 113 is coupled to

Pr 0CES SQEhOMEMbHP 107 ey BB calplpd seprot@Bor 1R stemest bust 1Gachad cache nenory’
107 store sequences of instructions that are executgg by processor 105..
The sequencnsl(Ffis ppistnalisnd rmptasguitrddar sgmprise 8 10405 may be retri eved

frommin nepory 113, cache nory 107, ,or y. ot her . s{.or .devi ce.

Addi tional §&ip td20usplso QyP Pd%ﬁ?eé?frtbélsﬁﬁgclé]soélg rer%%os(ﬁ%fgeafg such as
mul tiple nrocess .and/ AR ' I¥ort RYIVE 08, offePBper  system
100 issagg@f? gaﬁﬁﬁkfgl§§igﬂﬂg$kﬁkg gﬁ%?gc SSJ%? however . nult?ple

pr 0C93§9ﬂ's§a;‘?§ﬁo@€u§é&!%% kP11 QR ERAd LS ehby covitdler dmvi ce 125 is al so
coupl e to chip set 120. In one ‘enbodi nent, video device 125 includes a

Vi 0RO WBRirblihg aghiaih niemarydaBhFdetheayhipatte2) BRP)alerincluggiag crystal di spl ay
(LCD) and necessary 25 suegort CjICUitﬁZ”_Prg%FSSOf bgi)llo is coupled to
syst emAsagerngal GrephinsFoseiAGBPpecKicafipn Revision 2.0 interface

developed by Intel Corporation of Santa Clara, California. AGP interface 320 is
coupled to a video device 125 and handles video data requests to access main
memory 113.

15 Main memory 113 is coupled to processorx bus 110 throu gh chip set 120.
Main memory 113 and cache memory 107 store sequences of instructions that are
executed by processor 105.. The sequences of instructions executed by processor
105 may be retrieved from main memory 113, cache memory 107, or any other
storage device. Additional devices may also be coupled to processor bus 110,

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. Inone

embodiment, system bus 130 is a Peripheral Component Interconnect (PCI) bus

4



enbodi nent, system bus 130 is a Peripheral Conponent | nterconnect (PdiAR 208
4 2 4 MAR ?1)J WO 02/ 27449 PCT/ USQO /29603 adhering to a Specification

Revi sion 2.1 bus devel oped by the PCl Special Interest Goup of Portland,
O egon;wheweygs , ot her bus standards may al so be used. pOVusvi/pdees devi ces,
such as audi o device 127, may be coupled to system bus 130. Bus bridge 140
coupl es system bus 130 to secondary bus 150. In one 5 enbodinent,
secondary bus 150 is an Industry Standard Architecture (I.SA) Specification
Revi si onihkrifg thaSpeaficiiopdtvinion Al brndevednpsr bpuke Reb3padihiigest of  Ar nonk,

New York. However, other bus standarqlﬁ rraéd%l_ 0_be {Js%d, f(gr exanpl e
Ext ende@raupcfStoryarsh Shegay bapeney atetPes {# )5§5 BRLEFPCatfGn Revision 3.12

devel oped. b aq uter, et | 1 ] i as hard disk 10
153 an B}’Bﬁe g?‘fqg‘?' i‘%%ysbded%%ﬁeazg%%gé‘ " at\réf 9%‘32‘ %%go'ot her devi ces,
such as cu Bag %nggﬁi@éo ?éél Sgg&n( Pat138 I?@W@Qlildhr?ibg!ﬂ 150. th,on@ey be coupled to

secondary bus ccording to one enbodi nent, a basic input output

SY St M B @BhedOSecofida§Mipl16d if an Felastmyftayd ndsA dblectBe@SAB5 i ncl udes
arrays of programmabl e”AND 15 gates and predefined OR gates that store a
set of Spatificaties Reiision piobiddeneloped st hersatipnahBeringsid¢derestf ng syst em and
conponents of conputer system 100. Acco;ffii ng t.0 Ene enpbodi nent, BI OS 155

t r ans mAnagikg higrsYers. flayvess g thepssandapdsmay asq Rt Fation of '
artificial I Vi at, progessor ; BB A eGP 155 s

progr aWBPE%??‘%IBSPEW %ﬁ'\f’??lq—é\%‘\l}g&r@%@g’@?&g%l nar y“;skill | in 20 the
art wi bl | QtHELuS Vit G e MR DG Wi bubR ab Mpldateint Bl OS 155.
Accord?'r%%@gélgﬁ%&%ﬁbdggﬁsn@nt, BFlocessor [1]%% i ncl udes power managenent |ogic

t 0 pr eYsNindarkenrgedsopeiytd @upMd exeastatydmpasat Ot dePices,sgct he run tine
of conputer system 105, the power consuned at pro?essor 105 may exceed 130
vat t s. aSogkopantrol devisemipet srowmin Bgntee)gray: B syPiabt 166°/A8Y heat and | ead

to
bus 150.

According to one embodiment, a basic input output system (BIOS) 155 is
coupled to secondary bus 150. BIOS 155 includes arrays of programmable AND
15 gates and predefined OR gates that store a set of routines which provide an
interface between the operating system and components of computer system 100.
According to one embodiment, BIOS 155 transmits signals to processor 105 to
initiate the generation of artificial activity at processor 105. In one embodiment,
BIOS 155 is programmable array logic (PAL). However, one of ordinary skill in’
20  the art will appreciate that other devices may be used to implement BIOS 155.
According to one embodiment, processor 105 includes power management
logic to prevent prolonged operation at excess temperatures. During the run time
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 2isa block diagram of one
embodiment of temperature monitoring logic within processor 105.

. : - -
Referring to Figure 2, processor 105 includes a thermal sensor 210, an

5
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25 the eventual burnout of processor 105.. Figure 2 is a block di 2gt arhiofiiih
one enbodi nent of tenperature nonitoring logic within processor 105.
Referring to Figure 2, processor 105 includes a thermal sensor 210, an 5 2
4 Vi Mivddd3« M0 02/ 27449 PCT/ U501/ 29603 anal og to di gira/usarmwearit er ( ADC)
220, a filter 230, interrupt generating hardware 240, instruction
execution unit 250, and artificial activity generator 260. In addition,
processor 105 is coupled to an interrupt handler 270. According to one
enbodi nmenalpg$edigial at@eiter (AP QAL cfles A3G interiupt gwwrd DY asdni tors the 5

tenperature of processor 105 ri t he operation of uter system 100.
ADC 22@4[?:311%&%6’“%56%%]%%3?@I”Gggﬁ?f’cé%ﬁglé‘f'{ysgegﬁ‘aé‘?fa‘%@?f‘errperature val ue

ived,.f 10 t -.Dj L Qi . A . ' t
embod nEORBE 00 WAL Rk P ey PR oraliERI AT [P PRC

tenper al Wi, ,eﬁeflﬁﬁgﬁ(y §%1:a§z(afe?5§|gs@}%0? ﬂﬁ{t%gﬂhﬁ{o%f}ﬁgoﬁih&gﬁhéﬂ d and 10

transmts a hig ogic |leve .g., logic 1) if the tenperature value is

above t enpreged 6f prob@ebrtl0s dakinlzdhe preativn dficdinpater syktield 1000 ADE art wil |
appreciate that the conbination of sensor 210 and ADC 220 may be repl aced

by a di2fikiskosgnd ¢ sansor 230 had centrattiamanelog tenperafurg alyesreedivigsd ed t o ADC
220. Filter 230 is a digital filter that renoves 1s tenperature noise
condi tiféﬂ%‘ﬂeB?o’a?lBtt‘éH%"éPWF%ﬁlﬁ'ﬁﬁﬂm ‘of clock cycles. According to one

enbodi ment, filter 230 det.ernjn 4 ' re is above or
bel ow the p 9581@?%?%%‘5 e?rﬁbroes %ﬁé %@ﬁ@%ﬁ% ?3? {Dﬁgloéﬁqﬁf%ﬁé#'enper ature or
nor mal IB%{E@? i@he Fnpdiheald ke rdcBVRE BlbeYAL Y prieeahdh&tiirestld kudt her

enbodi e digital” filter 230 renoves noi Se conditions for two clock 20
cycloes.trdi3nMigia kighlsdihRveldeho thgiehlif the hemperabee velueps alletedhei ned cl ock

cycles my be programed into digital filter 230. Interrupt generating
har dwarpge@atermined dimsbleald + @n iof putinarggkilljintlg a1l appreciate that tie
" combination of sensor 210 and ADC 220 may be replaced by a digital sensor in
other embodiments.
Filter 230 is coupled 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 initiatinga
high temperature or normal temperature interrupt, respectively. According to a
further embodiment, digital filter 230 removes noise conditions for two clock
20  cycles. In yeta 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 (NORMTEMT)

interrupt upon the die temperature of processor 105 cooling below the

6



generating hardware 240 generates a high tenperature (H TEMP) inflefr iR 2505
upon the die tenperature of processor 105 exceedi ng the predeterm ned
threshol d 25 tenperature, subject to the operations of filter 230. In

addi ti oo g2AtLprupt generating hardware 240 gener at es PETAGTMAPGOB enper at ur e
(NORMTEMP) interrupt upon the die tenperature of processor 105 cooling
belowthe 6 2 4 MAR 2ui,.ri WD 02/27449 PCT/ USOL/ 29603 pr edet erm ned
threshol d tenperature. In one enbodi ment, a_ high quic I?vel IS

t r ansni preddtelyypitiedithreshpld terepeBre-nE Meredadimentior 38T IREIUEEERP i nt err upt .
Further, a low logic level is transmt by i t rating hardware
240 as &?‘Pfém@k?ﬁ‘wri‘ﬁf TS 1@@“’%}#5%‘?8? %‘gﬁﬁlfjﬁﬁ?gsﬁﬁe art will
recogni ge .t hat,the . : i F% . sSedapkgstruction
executil(;z)‘ﬁ&berlﬂ?lo%%gﬁg?‘ge??ﬁrﬁﬂgﬁﬁﬁgbi spelr%égtlgmr%ﬁgggﬁgi\:\(ﬁ?ch processor 105

oper at e NORPITEMITRELHIRN Oneldh 8 ity sRill iAXBE Miltiwdll redtighiz2GBatctheses
processor 105 to operate in the full "di spersal node whenever the die

t enper adpeigion of ABCARD irag haredetedr M ned t hreshol d tenperature. Conversely,
execution unit 10 250 causes_processor 105 fo operate in It_ e single
di spersal nmiudrughion evesntionenid 280 detpysaingt thegtisrersyh astedn & M det er mi ned

threshold tenperature. Artificjal. activity.generat.or 0 | s the
artifi GraressRetilyopgragst i H““p?lBﬁ F‘E' f&f&?‘%ﬂg“ *eescé‘b? é‘é‘a‘a“éggg‘,gegn artificial

activit e ol m . ; ' kS BkBrdd Pauly maintainin
i i IR By BB e B e Pat o 260 ’

det er nijngoihBe betRterRfindf thidsheidabmpeiatwre! Cohhakely sexgendomatad -at  processor
105. According to one enbodinment, artificial activity generator suspends
ar tiof i Cb@baveses pwcegsomaatbmpprmimbosing@siimwémietvn%erm‘fér thefierature is
above the predeterm ned threshold tenperature. Interrupt handler 270 is
coupl edelltlbel‘lahtféﬁ-‘rﬂ%?ﬂ’e&Wﬁﬁ??%‘“ﬁélﬂb‘{%&% SAPPCra8¥% nstructi on execution

unit 250 ang artificlal actilidh KRGO AR alVif ithin
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 interfupts
HITEMP and NORMTEMP and causes the appropriate action to be taken. For
example, upon receiving the HITEMP interrupt, interrupt handler 270 transmuts a
signal to instruction execution unit 250 causing processor 105 to fransition from

75  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
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enbodi ment, interrupt handler 270 receives the processor |evel ingef‘rﬁiﬁt?sfﬁﬁ

H TEMP and NORMIEMP and causes the appropriate action to be taken. For
exanpl e, upon receiving the H TEVP interrupt, interrupt handler 270
transm {9 @7.89hgnal to instruction execution unit 250 cedBUAg/pPéFcessor 105
to transition from25 the full dispersal node to the single dispersal node.
By placing processor 105 in the single dispersal node, the utilization of
conponents within processor 105 is reduced, resultin? in the cooling of

t eNper arfnphiHaidler RYOCRSNsTodG5or WoMP tankijion bagktohRIpl (isPegplo2/ 27449

PCT/ USO (/27(03 interrupt handl er 270 causes processor 105 to transition
back t ombtheupoh reagivipe e NORMIEME JUFFTFBEei vi ng t he NORMTEMP i nt err upt :

Further, interrupt handler 27 ransm.t s. si |s,. & Jifdcial activity
gener at or t5“53@&%'6“&‘&?&1‘?%@?%305%%%isf’ﬁnagsg iav?écgalg‘g%e]%i ng upon the die

5 tenperature., Accordin . JLEBR deddRb By, nthargd er 270 resides
within geﬁF’@é"‘l@§}ls?er?daal ur%%%gggletﬁ odi %ren'gy ?Iﬁnt er rgl}ﬁiﬁ handl er 270 may

resigdes i MR ARBRING blheltRbdifnent, itentipe bapliec270sysidemittn. However
one of ordinary skill %n the art will appreciate that interrupt handl er

270 mayBibe 165C & &ttt ewtbed enenti intdrmpdwandies 276 yay apsidefOn MANF| gure 3a and
3b is a flow diagram for one enbodi nent_of controllin t enper at ure of

t he
pr oces snemdH5l13Atpaarstarbgs ofslopRU sy step 6%3%6?31?5507%‘%%5?13% ngin the

full dispersal node. As descgribed above f i , e features
execut isligl ingke pticY d‘rﬁ’%‘i‘r‘%%%tﬁfte%}’&ﬁ%#%ro ggge‘lsgegrro E?L{g%%%ﬁ IH?I(zéati on. At

process ..block 310, it isndeterm ned whether the die tenperature of
pr oces $FHR G8TPH Effgg%xmc@gded the predeternmined threshold. If the die

tenper at ur efi%%%e BRLn&%5 $LAGE cﬁ%ﬁffedetxembneﬂnmﬂmésmmmgam rol is
returned to ocess bl ock 305. wever, if the die tenperature has
exceedesmpdranpieend gkaessond@b. At process block 305, processor 105 is operating m
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 threshald, 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
s 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

8



threshold, the HITEMP interrupt is generated at ADC 220, process blckABLE;
According to one enbodi nent, the execution of code within processor 105 is
20 tenporarily suspended after the H TEMP interrupt is generated. At
procesgobt/ocky 320, interrupt handl er 270 causes proc&§d650WB8t o cease
operation in the artificial activity node. By stopping artificial

activity, processor 105 is permtted to fall below the predeterm ned

m nimum | evel of activity. In addition, at prqcess bl ock 328 i nt errupt
hand| etbo9d Ghesingles!igrayerd 59 clapgpsyt %“F‘é”‘t“r‘ﬁ‘rfgﬁizi‘%‘ﬁ‘?rcé’?ﬁﬂ%e Full di spersal

node to the single dispersal de. At r t he execution of
code \M’iﬂﬁf‘ﬂ”’?ﬁeég‘gs@gr i%@?ie%tng]% es! f?}n{)uhng Z‘l %‘tg?’i“gsgé‘. gt}g}g?si on node fromthe
poi nt é,%gbemQ&h@-‘ﬁkes‘é’ﬁocﬁgi&,%ﬂg%Qmﬁ&&%ﬁéﬂ@%&aieve@mqa@&/f&W9 PCT/ USI 11

/2960 e’sing di'spersal node clanps the maxi num utilization of

COWPO’%B%&%O Wb BHAHRIQEE Fin ADSve tAS pledeeaiilifed teinpepawer consuned by
processor 1(55 Is limted. At process block 335, it is determ ned whether

t he didgrelisTRE Hathy températpe oowssoaboveshe predetenminedghreshelln above t he
predeterm ned tenperature 5 threshold. If the tenperature remai ns above the
pr edepescessoed0? kx e dpun, piseess blashP4405 i s shut down, process bl ock 340.

| f, however: the die tenperatuyre of proce l.s bel ow t he
predeterniﬁe‘%P“t’ﬁY"é'sﬁ'Gldée?BP}Pér Eﬁﬁﬁsﬁlérﬁs&%}%%@g@e}ﬁerat ed, process bl ock

345, THGLAEERLL OOl £ AENEHNT BMPRRRAGRSS dierdied, peoqeas Blntlk y suspended

af t er Pigte interrupt is generated. At process bl ock 350,

i Nt er BADITISEL%EESon Bodbdk ¥itlio @encessbhil 05 isnerepowaply hapdhded af@rvi ce 2_70
causes processor 105 to conmence operation in _the artificjial activity
noge. tHeNORUTERIP, intdrrypt drgeerdied oAt prosess blogkSpf dpieriiph 88781°©270 causes

processor 105 to transition fromthe single disper: de to the full
di spehsailemmde. withingnisspgs handJersespge iﬂ:‘%‘é’??ﬁﬁf?c “é%'?i@érthS 270 causes the

o SEBREDTROPIRHON B CRAT R Py SRdpORERTANS pRockbal Ll spersion

355, interrupt handler 270 causes processor 105 to h'ilr}SiﬁOﬂ from the single
dispersal mode to the full dispersal mode. At process block 360, intexrupt 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 mvention 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.



Whereas many alterations and nodifications of the present inventidri iR 200

no doubt becone apparent to a person of ordinary skill in the art after
having read the foregoing description, it is to be understood That any
particul ar 20 enbodi nent shown and descri bed by way of illustration is in

no way intended to be considered limting. Therefore, references to
details of various enbodinents are not intended to limt the scope of the
clains which in thenselves recite only those features regarded as the
invention. 9 2 It MAR 200: Wat is clainmed is: 1. A systemconprising: a
cent palat rdELRL8iAg unit (CPU) including power managenent |ogic to enable
the CPU to execute a first quantity of instructions per cycle whenever the
temperat uje, Q stéxﬂ?oxﬁﬁﬁjsinﬁxceeds a predeterm ned threshold and to execute a
second quantity of 1hstructions per cycle whenever the tenperature of the

GPU 15, bel ot e £ S0 REF) AR BV inaBAo e erEmblcaiacrBy | 091 ¢

rrup er to control the CPU upon receivVving

an interrupt. 2. The systemof claim| wherei ragenment |ogic
conpio exeute a A RBATHY %‘é‘ﬁ?%‘?nfmﬁpﬁic aeaﬁh‘ﬁ%%eﬂ?e%% F’ﬁaé IE.’ 1(o)@;t@he t her mal

sensor; and an int erruptb(%enerati ng har dwar.e coutgl gd &8 the digital filter,
wher eicaedsteepriedetteningst threskold phd 1RXCREP @fgF8d GQUARIFE OLWSTUGHOII PEL 1t o ¢ ynt
whenever the tenperature of the CPU exceeds the predeterm ned threshold
and gRIeWAiRSerths eagrtatiretod the GRU idlesiew dhe predeternungsethesshold; 8 the CPU i s
bel ow the predeterm ned threshold. 3. The system of claim2 wherein the

power g;% b alrPiogicl (PALY & opcasatp b seinteraupt hmailago contdilgha @PUconver t er
coupl € etween the thermal sensor and the digital filter. 4. The system of

ot Pk B HIABRT TCO00Pea o the i nterrupt handler and.
2. The system of claim 1 wherein the power management lo gic comprises:
a thermal senéor;
a digital filter coupled to the ﬂl@ﬂal sensor; 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 second interrupt whenever the
temperature of the CPU is below the predetermined threshold.
3. The system of claim 2 wherein the power management lo gic further comprises
an analog to digital converter coupled between the thermal sensor and the digital filter.
4. The system of claim 1 wherein the power management lo gic further comprises:
an instruction execution unit coupled to the interrupt handlet; and
an artificial activity generator coupled to the interrupt handler.
S. The system of claim 4 wherein the instruction execution unit executes six

instructions per cycle in the first execution mode whenever the die temperature is below

10



an artificial activity generator coupled to the interrupt handl er .2 &. Mffe 2053
system of claim4 wherein the instruction ‘execution unit executes siXx
instructions per cycle in the first execution node whenever the die
tenperature is below 10 2 4 MAR 2 [5 the predeterm ned threshold
tenperature and executes one instruction per cycle in the second execution
whenever the die tenperature is above the predeterninedlthﬁﬁghold

t enpexiridemtnedtheeshold tampcoftui|aafl FXeFUiER P ISIPHIPTRT FYT e ar act i vi ty
generator causes the CPU artificial activity generataor tgpifspend

ar ti flGjpaloxaGitibl henviet therid tempERhiravseibe vesthe prrsletsrmined & ure is above
the predeterm ned threshold tenperature. 7. A nmethod conpri sing:
deterniniqgrmhether the tenperature of a central processing unit (CPU)

excedguPeAHHs

pfedeterm ned threshol d; generating an interrupt if the

t enper ature_of the exceeds. t i eafbothd CPEcei vi ng t he
i nt errupt SalD&FSHILAEHM gﬁ%%?tpgaﬁ{:fﬁ%g%%%\%ﬁg?gog the PAL controls the

CPU upon receiving the interrupt. transmtti hbaieCPU
i ndi eeificia) aelivity ZAnCHing F?S?ﬁ&ﬂpﬁ??#??&’%ﬁé&%g%gc:yJ e; énegﬁrd executing the

first quantity of instructions per cycle if the tenperature of the CPU
exceadpperitares ebteteshapredetcmpipedstigrsholddemAHAY et hod of claim 7 further
conprising; interrupting an artificial activity node; and transitioning
from a full Aim&hédiedmmisiggcecut i on node to a single instruction execution
node. 9. The nethod of claim8 further conprising: suspending the execution

of CodQAlmiiG Thitha thétenffRAMIAOE B Gerithit plocessing it (PLDexceedsla

predetermined threshold;

generating an interrupt if the temperature of the CPU exceeds the predetermined

threshold;
receiving the interrupt at programmable array logic (PAL), wherein the PAL controls
the CPU upon receiving the interrupt;

transmitting a signal to the CPU indicating a first quantity of instructions per cycle;

and
executing the first quantity of instructions per cycle if the temperature of the CPU
exceeds the predetermined threshold.
8. The method of claim 7 further comprising;
interrupting an artificial activity mode; and
transitioning from a full instruction execution mode to a single instruction execution
mode.

9. The method of claim 8 further comptising:

suspending the execution of code at the CPU after generating the first interrupt; and

11



v o
11 2 4 MAR 2005 resum ng the execution of code at the CPU after 2% MAR 2005
transitioning to the single instructien execution node. 10. The net hod of
claim9 further conprising: determning whether the tenperature of the CPU
exceeds the predeterm ned threshold after transitioning to the single
i nstruction execution node; and termnating the operation of the CPUIif the
tenperature of the CPU exceeds the redet.erm ned. t hr eshol.d er
transi résaniimgthe extdutios phefde af WQﬁPﬁéﬁﬁ%ﬁra@’}&E%W f?rfhﬁﬁlﬁgfé ‘“ﬁ‘?ﬁzﬁ%e met hod of
claim9 further conprising: determ ning whether the tenperature of the CPU
exceggsutibendddedet erm ned threshold after transitioning to the single
i nstruction execution node; and generating a second interrupt if the CPU
does not oRRAdnLiEd Bf Q4at e furineeebprisishol d  after transitioning to the
single ing?'r uction execution node. 12. The nethod of claim 11 further
conprising transjtioning fr fHNEk ccblsQBs b ctiticled thoeshbld fi r st
execut 98 .Wfft‘?ﬁ.‘er%ee ngﬁgﬁﬁégfmgl aim 12 Wner%i n the process of
transitioning fromthe second . execut.i desto the first execution node
c onprfierdTansitionig; o o e apHen 414 %Pﬁ@?otrasg/’da?rlgde; and transitioning from
the single instruction node to the full instrﬁfet' exegu
The netdminating theadperatibnwftrecGRU ke temnerating of Lﬁ)ﬁﬁlf’}é 5MhiGh tenperature
interrupt and the second interrupt is a normal tenperature.interrupt. 15. A
cent palleRpRIHes Hiragholhifter (raRifjordugriorthe single insiruchier HeecURINEBAe. and 12 2 4 MAR
2UU5 an instruction execution unit to receive a signal from progranmabl e

array |ogyg ffﬁ?étho&ﬁﬂélﬁiﬁiQWaﬁ:ﬂpﬁsiﬂg:of a first quantity of instructions
per cycle'in a first execution node

determining whether the temperature of the CPU exceeds the predetermined threshold

%on node. 14.

after transitioning to the single instruction execution mode; and
gencrating a second interrupt if the CPU does not exceed the predetermined threshold
after transitioning to the single instruction execution mode.

12. The method of claim 11 further comprising transitioning from the second

executing mode to the first execution mode.
13. The method of claim 12 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 mode to the full instruction execution mode.
14. The method of claim 11 wherein the fixst interrupt is a high temperature
interrupt and the second interrupt is a normal temperature interrupt.
15. A central processing it (CPU) comprising:
a thermal sensor; and

12



{l i
whenever the thermal sensor neasures tenperature exceeding a predgt%rﬁﬁﬂeﬁﬂﬁ
threshold, the instruction execution'unit to generate a second quantity of
i nstructions per cycle in a second execution node whenever the thernal
sensor mneasures tenperature below the predeterm ned threshold. 16. The CPU
of claim15 further conprising: interrupt generating hardware coupled to

generate a first interrupt whepever t t her a

t enper anunsiruction exsrBR@HILE IR ECSHEFHEPHTRBL 8 %@é}%ﬁﬁﬁ% (]‘J@ggner ates a

second interrupt whenever the thermal sensor neaaf%gs a ﬁen&gagture bel ow

t he prEefingeRtaRidn i dsdtghantita 7f ingtpctions P CYRP H1 #1156 XGPPHEP Conpri si ng an

artificial activity generator. 18. The CPU of claim 17 wherein the

arti f&}%h@w}erﬁféﬂi&irﬂa\l sERHEMadsres tamipesurfegceedmgi a‘prefﬂﬁ*tma'éﬁditbﬁeﬁl}o@ener ator to
Bl

suspend art cial activity within the CPU whenever the die tenperature is

above the predetermned @ HscSrpQIatity o insdtctidisepeneydioth of ¢l ai m 7
furt K08 pgﬁ%ﬁﬁ%@%@hﬁﬁgﬁa second quatr?':i ty of instructions per cycle

1§ the temerature of UNe R P Gh M il Rl cReIbA fheesiol d. 13

second execution mods 3
predetermined threshold.
16. The CPU of claim 15 further comprising:
interrupt generating hardware coupled to generate a first mterrupt whenever the
thermal sensor measures a temperature that exceeds the predetermined threshold and
generates a second interrupt whenever the thermal sensor measures a temperature below
the predetermined threshold.

17. The CPU of claim 16 further comprising an artificial activity generaior.

18. The CPU of claim 17 wherein the artificial activity generator causes the
artificial activity generator to suspend artificial activity within the CPU whenever the die
temperature is above the predetermined threshold temperature.

19. The method of claim 7 further comprising:

executing a second quantity of instructions per cycle if the temperature of the CPU is

below the predetermined threshold.
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