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. MONI TORI NG THE TEMPERATURE OF A PROCESSOR The present invention relates to
conput er WPMESRH3and nore particularly to nmonitoring prockESEERIXSHHer at ur e
to trigger clock or voltage throttling in the event of processor

over heat i ng. BACKG?QAIM_m@ﬂAI‘éIDWE%US‘E@RM@NHTORM@MI d electronic
accessories to nedi umsi E‘F s to large servers and
wor kst ati ons, are becom S i odr soci ety. Conputer
systens typi cal ly include one or nore pr ocessor S. A processor mani pul ates

and controls the flow of data in a conputer by executing instructions. To
provi de nore powde pressotpwmentios ystades 19 compobeuskstens E}JKbUE:S’@or desi gners

strive to cantinually increase the o ratln )

ot ocessor Spttiian i AOTR AR b bR bR D e s BLTRER s 1o

. increase ashiliihg ifths evBAT 6PS@CcESsMOPRIThE/NPtion typically causes the
processor to run hotter. Unfortunately, if the processor overheats, it may
be rendered permanently unreliable or inoperable. To prevent overheating of
t he processox K@ erred to as "overtenp”, processor and conputer
system desrm%rsﬁﬁ@ overtenp prevention nechanisns into their

conput ers. TheseComphadt systerhypiroal ynalii hahdiited ®l¢dtimi@lacsessaries tuch as a

thermally sensjitive diode_or thernocouple, placed on or near the processor
package to mﬁﬁluﬂbﬁlzﬁﬁem%&rﬁ@ﬂa%ﬁlﬁoréfsyﬁwé%ﬁ%é%rggo‘-‘reww&?t Af%eshol d

moasur od by eI REF el DeRany oL o Her e I gp oo RIP P CEner |

pl aced i nt ayatdrogviymively natele one powasre pﬂmcessdired)A pmbgdssior cool s of f.

manipulates and controis the flow of data in a computer by executing
instructions. To provide more powerful computer systems for consumers,
processor designers strive to continually increase the operating speed of
the processor. As processor speed increases, the power consumed by the
processor tends to increase as well.. This increase in power consumption
typically causes the processor to run hotter. Unfortunately, if the processor
overheats, it may be rendered permanently unreliable or inoperable.

To prevent overheating of the processor, also referred to as
“overtemp”, processor and computer system designers build overtemp
prevention mechanisms into their computers. These mechanisms typically
inciude a thermal sensor, such as a thermally sensitive diode or
thermocouple, placed on or near the processor package to monitor the
temperature of the processor. A threshold temperature is established by the
designer, and if the temperature measured by the thermal sensor exceeds
this threshold, the processor is placed into a low power mode (or power
throttled) until it cools off.

One challenge facing processor and system designers is
determining where to position the thermal sensor. Depending on the
system configuration, proper placement of the thermal sensor may be

difficult. The thermal sensor should be placed close enough to the
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né chal | enge facing processor and system designers is deternini nZ) wﬁemﬂl"
_to position the thermal sensor. Depending on the system configuration, :
proper pl 3eSEB130f the thermal sensor may be difficult. Posutsdeweand

sensor shoul d be placed cl ose enough to the -1 2 9 AUG 2003 WD 00/58813

PCT/ USO0/ O6Ggrddesgsarctessioiairt @ mpidhiarcaratajeshpesatote adading mperiataineanneadi ng

and in a manner, that dogfs not. i nt egfere

. . ith the thermal_dissipation
system |f $ABIPARMARINIEEERS Syith e erragh¢ sEipati) ?Yﬁtﬁé?-néﬂ‘?'? Beltled o t he
processor, ?er%ro?%%%?rsuﬁfb‘(é’ﬁﬂﬁfﬂérﬁﬁ%)fy QBuP%@%%Eeﬁo@és%}? aSYicBBor esul ting
I n damage to the processor. ‘'To prevent I's, designers may sinply increase

t he overt engertemes modyl gguandiiacidd dyuthetdyistemmpesudthgiem paroegedothef fici ency
by unnecessarily throttli nﬁ Mr cessor that. malé.not be Ln a true overtenp
si tuation. PRESHIYUsehP RTRVERY | $ &2y {inaply JacTsRRe AN YEEMP

associ at ed thyhdrbid g%a%b%d,%ﬁt-théww?é’dﬁfe B dsSMENfEMh A By ocessor -
conprises a processing core integrated on the sanme chip with a tenperature
sensi ng di ogmecHssatilyothrettlinghalpgoedssohthati rode net be incaupthedvestesdch of two
1-0 ports of,the processor. In accordance with one enbodinment of the

pr esent inv%Hﬁt‘SH; the electrical characteristics across the 1-0 ports are
nmeasured by an expgrgrakefCHveptiof ddeiiedsdsottialantl| ther ProsIBRRY aédbctated the
processor. This tenperature is conpared to a threshold, and either an
overtenp orwithdiee peepagi gnal is transmitted via a control line. O her
features and advantages of the present invention will be apparent fromthe
acconpanying figures and the detail ed description that follows.

SUMMARY OF THE INVENTION

A processor comprises a processing core integrated on the same

chip with a temperature sensing diode. The two terminais of the diode are

coupled to each of two 1-O ports of the processor. In accordance with one
embodiment of the present invention, the electrical characteristics across
the 1-O ports are measured by an external control circuit to calculate a
temperature of the processor. This temperature is compared to a threshoid,
and either an overtemp or undertemp signal is transmitted via a control line.
Other features and advantages of the present invention will be
apparent from the accompanying figures and the detailed description that

follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not

limitation in the accompanying figures in which like references indicate
similar elements and in which:

Figure 1 is a processor in a computer system formed in accordance
with an embodiment of the present invention;.

Figure 2 is a processor in a computer system formed in accordance

with an alternate embodiment of the present invention,

2.



BRI'EF DESCRI PTI ON OF THE DRAW NGS The present invention is illust rgt gdAWé/ 2003
way of exanple and not |imtation in the acconpanying figures in which

| i ke ref e?"'gﬁ??é’asspndi cate sinmilar elements and in which: FPETIUSONO6HE 3
processor in a conputer systemfornmed in accordance wth an enbodi nent of
t he present i nvefiguon3 ifiegiivwe chartssrowingeeswihiod of thecprageheinveyisdrem f or ned
I n accordance, with an alternate enbodi nent of the present invention, -2 2
9 AUG 2003 W9 0018813 PCT/ USOQ 06474 Fi gure 3 is a flow chart showi ng a

method of the pregepl 4 ie%eﬂéw%er@&%»ﬁhgtmtﬁeﬂ Sefhdd SMHeh@Ebemhowi ng
anot her net hod of “the present invention. DETAI LED DESCRI PTI ON In

, accor dance inmvémtimme enbodi nent of the present invention, a conputer system
i ncl udes a processor having a processing core integrated wth a
tenperature sensing diode on a single sem conductor substrate. External

. i nput - out pUHETAIB DRSESERIASTIGN Processor are coupled to the diode and to
a control circuit, external to the processor. The external control circuit

oper at es t he di olleatdordante with dnedepdrodimert dlethel presgninpasolidma t he
tenperature variant el ectric characteri Eti.cs of the diode in thg?fdormrd

|
bias regi oFPTBPUEHESH: ‘?'Bri”gfjg‘tz’?l@ Bi%ESSOBREUHT A PRSI GPENEIRS B hese

el ectrical GhartdhpeidteSsendifg [FRSMEOAL Aishé JehficBnNANess libdtatéal cul at ed
by the control circuit. This tenperature is conpared to a threshold, and

if the calkxteanaldnpehpeput (r@) padeefithe peoasssesats eouriad & Eha divgesi gnal is
transm tted,yi g, 3 SRl Blroli, WaerRBFR HA%GBLEM A3 LRBRRABbHES diRlis Pel ow

operates the diode through the |-O ports, effectively measuring the
temperature variant electrical characteristics of the diode in the forward bias

region of operation of the diode. Based on the measurement of these
electrical characteristics, the temperature of the processor is calculated by
the control circuit. This temperature is compared to a threshold, and if the
calculated temperature exceeds the threshold, an overtemp signal is
transmitted via a control line. Once the calculated temperature falls below
the threshold, an undertemp signal is transmitted via a control line.

For one embodiment of the present invention, the processor includes
its own throttling circuit. For this embodiment, the control line is coupled to
an 1-O port of the processor. If an overtemp signal is transmitted from the
control circuit via the control line, the throttling circuit places the processor
into a low power mode, thereby lowering the temperature of the processor.
If an undertemp signal is transmitted, the throttling circuit places the
processor back into its normal operating power mode.

For another embodiment of the present invention, the control line is
coupled to a voltage regulator and to a clock external to the processor. If an
overtemp signal is transmitted from the control circuit via the control line,
then the voltage, the clock signal frequency, or both the voltage and
frequency are lowered, thereby lowering the power consumption, and hence

the temperature, of the processor. If an undertemp signal is transmitted, the
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thé threshold, an undertenp signal is transmtted via a control i ne. IFAUG 2003
one enbodi nent of the present invention, the processor includes its own -
“thrott! i nY@wigeidt. For this enbodiment, the control |ine iPSTAmOpb@T to an
1-0 port of the processor. If an overtenp signal is transmtted fromthe

control ci ngliageyttie tidek eigial flequieney, driteth ot bikddigand freduenp) aees t he
processor into a |l ow power node, thereby |owering the tenperature of the
processor . fajgedadhenedpyrrlasipadhgrRiccessar iaskninta 8% NoffRal PReGINGI PRV r cui t

pl aces the praoce | ' I | o] not her
Erbod: ment POEne o LOBEE 1 BebbBntr FRY ne B MR 2B HRIeuR el °F P

vol t age regiaahpie, @nthd ease of (uierndg powal cbastmptigt, abeSeajuenlcdy ign  overtenp
signal is transmitted fromthe control circuit_via the control |ine t hen

“the vol t ageredured frgcfollowssby praiigendgdudiondiar thacasslqaf4gluraing torthequency

are | owere r . | r WelgW ;
t enper at ur g"\orh?at e %ir”g%@é{é%?ﬂlow %ﬁ%ﬁ&%ﬂ%%i gnaY&F%ePfsgﬁgnn%%S?gd, t he
-3 2 9 AUG 1280 30w b§ &l FeBGandiSEaredst! 4T el deguence meay bealsesl ignadep

frequency, or both the voltage and frequency are raised, thereby placing
t he processibe PrEsRSseR Withinsith spegifiedpeneieling nssemBeteode. The vol t age and

frequency may beAE*E%BQ%r{a{Hoﬂneoﬁﬂéd CtH}o?trIe“%%i%alﬁrﬁét rl gﬂ?l r%’f%rjtg the case

of | owering power  consunp f'requenc uce irst, followed by
a vol tage rslet troottlifg(i.d. hredoetien of powkncohagnption)hpartiadany wheear at i ng
power froma l'ower power |evel, the voltage is i ncreiased Ii rst, Iol | owed
by a frequettsd imtaferenee 1913 pracegaeh @ diaynisaded &g relsT kR ¥p!agh &f H1i¥essor

"o | o7 TR BRI SR BT Rine o YR e £ Lt e
reducti on ofespeativelygors umpeidetpiled descripiioar dfyembedimandg df ithe peésrndnce to a
}pr ocessor, i%ggntiign,i {r]xtc uréicljr?gd vggoﬂg fc%rnﬁégra\{iglng% % %plglm%cnlt(ations, is provided
below.
Figure 1 is a processor in a computer system formed in accordance
with an embodiment of the present invention. Processor 100 includes
processing core 120, temperature sensing diode 121, and clock throttling
circuit 122. Processor 100 includes I-O ports 111 and 112 coupled to the
anode and cathode terminals of diode 121. Processor 100 also includes |-
O port 113 coupled to clock throttiing circuit 122. Control circuit 101 is
coupled to each of I-O ports 111 and 112. Control circuit 101 is also
coupled to I-O port 113 via control line 114. External clock 102 is coupled to
processor 100 and, in particular, to clock throttling circuit 122.
Processor 100 of Figure 1 may be any type of processor of a
computer system, including, for example, a conventional processor, a
microcontroller, a digital signal processor (DSP), or any other integrated
circuit that may be susceptible to overtemp or may otherwise require
temperature control. Processing core 120 includes the circuitry that
implements the processing functions of processor 100. For example, core
120 may include the functional unit blocks of the processor, such as the

floating point unit (FPU), arithmetic logic unit (ALU), or cache. In accordance
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fréquency throttling when used in reference to voltage or a clock & gnAUG 2003
..respectively. A nore detail ed description of enbodi nents of the present

i nvent i onWaQ dwsisgidi ng vari ous configurations and i npl enent abCoMSe0/06$74 -
provided below Figure 1 is a processor in a conputer systemformed in

accor dance yith e admSBRRH et the forbbsntAReSRMN, Sn’? £84sifd coft 98gssor 100

i ncl udes processing core 120, tenperature sen e 121, and cl ock
throttling carisuogst tl"[ezmajmrtgaés:mverl\@mm [grigelvscssivig 11410) podtis thﬂmfcaaanSIZ

led to the th t di od 21. P 100
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circuit 101 is also coupled to 1-0 port 113 via control line 114. External
clock 102 |s||amupr galliuon-apresids sarr arlcumsmamle matgmltsmm as siliconcdioxide.
throttling |rcu 122 roce or, 100 ur.e pe o
processor hasu Hﬁfﬁ é’f”%% Ui e gﬁﬁte f%;cuég(y”ﬁ% &'%%#éﬁtlonal
processor, @ﬁerm{_gétqgg%%gléqgh, a digital signal processor (DSP), or any
other integrated circuit that may be susceg ible to overtenp or may

ot herwi se requi r*éemperqjemsemsn@dmda)ﬂm et €i hip U‘é@@raiad)oﬂribeudes t he
circuitry that | enents the pro Si tion essor,, 100. For
exanpl e, o 50 RRPIPRETIING CBife 1 FomEPaR AR REY B b S BRENS, ocessor,
such as t hechip Ib9addpisg Birst relEﬂ:brI o{fFBLam ty BB ¥hen bAG-Welifiithid Ald)) , or
cache. In accordance -4 2 9 AUG 2003 8813 PCT/ USOQ 06474 wi th one

enmbodi ment &ﬂbSﬁﬂaée preseqnnd g ebine anrac\eélynﬁgemweli.lis)doamm@dm@ t he

T O LY o Rl U B 88835 e MR L ol NP SO TR Bho RARFEE" '

substrate, wﬁhmlmvtﬁhed@d&emmpdypé PsgigRtiS e bnodsltérnsiaal of the diode
and the n-well is the cathode terminal of the diode. The anode is positive
relative to the cathode in the forward bias region of operation of the diode.
Because diode 121 is integrated on the same chip as processing core 120,
the diode is very tightly thermally coupled to the heat source of processor
100. In other words, the thermal resistance between processing core 120
and diode 121 is very small. Thus, the heat produced by processor 100 may
be quickly and accurately monitored using temperature sensing diode 121,
As a result, the overtemp threshold guardband is reduced, the threshold
may be raised, and processor operation efficiency is improved because the
processor is less likely to be throttled by overtemp.

in addition, because diode 121 of Figure 1 is integrated on the same

chip as processing core 120, diode 121 does not interfere with the thermal
diésipation system used to cool processor 100. For example, in
accordance with one embodiment of the present invention, to accurately
monitor processor temperature, there is no need to compromise the critical
thermal interface between the processor core chip and the thermal transfer
plate. The thermal interface would be compromised by either interposing a
separate, discrete thermal sensing device between the processor and the

thermal transfer plate or by cutting a hole in the thermal transfer plate fo
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silicon or galliumarsenide, or an insulative material such as si 2i 3oMUG 2003
~dioxide. This substrate, with or wwthout the integrated circuitry forned
t her eon; V& 0058&1&n referred to as a "chip." Tenperature seprsi/ogooticome 121
of Figure 1 is integrated on the sane chip as processing core 120. Di ode

121 may be dlowepeahedrion dthe sephidle byiscied fgerandliseskinge@iwee ofasthie chip
n-type to forman n-well within a p- substrate. A second region of the
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two region r L i r_.nal [t ' ., The
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cat hode t ebelovatheprodessdiraderovide mitedehémng) aiuping betwedh it t o the
cathode in the forward bias regjion of operation of the diode. Because
di ode 121 PEOsassefRRcetheoReal@Nsame chip as processing core 120, the diode

[ i ght | 00.
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121 is ver Figurel 1 inclidess atgackbgethavimdextecthdyeleehizas sontat@0thaaprovige qui ckly
and accuratelg noni tored using tenperature sensing diode 121. As a result,
the overtendy EPPEYHEEANIQIUREHYRSM the Prasgsseiyand ifxtemablettacalay be rai sed,

and proces i fiGl S Y . sor is
less’| kel SOmsRREnty, TRefe copiaaeing: oo W KilnPBr AeFchlly coRBGARES"! 1 °
Figure 1 i pins)tpegisaseicoballbeostas. Thicp suchpeontastsi ag staven i2Pigude ade 121
does not interfere mﬁih t he t hernal dissiqation system used to cool

processor B80:Cmatsekbihpl B, and 15 c bPoReke T @Ndoht2 arfosecHEallY of t he
present i ngiblclNg HRIRCEH %ﬁiryglr(ggyg%&pqo rocessor tenperature, there is
trc t

no need to cohprom se the cri ermal” interface between the processor
core chip and t lortthodramebit tiCdnis fomupled tatleO pors 1 heamdl 1i2ndefiaceiwoul d be

conprom sed, b I ther .interposing a kB separate, discrete thermal sensing
“devi ce bet BN FICHF JOAsS ot CamFOPREt o RErRmbYES REFEM Pieestesy teut {1 ng

a hole in phecddier M. t FaNsheTembdHifehPof fhe present invention, control circuit
101 may reside on the same motherboard as processor 100. Control circuit
101 includes circuitry that measures the electrical characteristics across I-O
ports 111 and 112. Hence, controi circuit 101 measures the electrical
characteristics across diode 121. Contro! circuit 101 uses the measured
electrical characteristics (within the range of forward bias current as may be
specified by the processor designer) to calculate the temperature of
processor 100 as sensed by on-chip diode 121.

For another embodiment of the present invention, measurement of
the electrical characteristics across diode 121 of Figure 1 is done by circuitry
in processor 100, and these measurements are then provided, via one or
more |-O ports, to external control circuit 101. For an alternate embodiment,
measurement of the electrical characteristics across diode 121 and
temperature calculation are both done by circuitry in processor 100, and the
calculated temperature is then provided, via one or more I-O ports, to
external control circuit 101.

Control circuit 101 of Figure 1 compares the temperature of

processor 100, as sensed by on-chip diode 121, to a threshold temperature.
-B-



2 9 AUG 2003 WD 00/ 58813 PCT/ USOQ 06474 all ow the insertion of a sebdrAve, 2003
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These cont g'gﬁ\é‘g%'y be %%'tcﬁer&%gc?'?nfgé?q@%e%%ﬁ”&ﬁ%e%gﬁgu%nﬁ@é C'r%ﬁﬁg, pads,
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" ports 111, 112, and 113. . 1-0 ports 111 and 112 are electrically coupled to
di ode 121 WeWEMPINseedBBMaihod AfdsMmrsralere eampatioan imay sgExeguted BYo ports

111 and 11 Laur | .-Gl | ' nPRNE he.:
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rocessor designer) to era
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di ode 121 of"Figure 1 1s done by circuitry 1n processor 100, and'these
measur enenttgresheld. hdhigpsiogledthdeshaild roae berassooiated withpihet tempearatixe extnal
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If control circuit 101 determines that the measured temperature exceeds (i.e.
is greater than or is equal to or greater than) the threshold, control circuit
101 transmits an overtemp signal via control line 114. An overtemp signal
indicates that processor 100 is to be throttled (i.e. placed in a low power
mode) to reduce power consumption thereby reducing processor
temperature. If control circuit 101 determines that the measured
temperature falls below (i.e. is less than or is equal to or less than) the
threshold, contro! circuit 101 transmits an undertemp signal via control line
114. An undertemp signal indicates that processor 100 may resume or
continue normal {i.e. unthrottled) operation.

For an alternate embodiment of the present invention, control circuit
101 of Figure 1 compares the measured temperature of processor 100 to
one or more thresholds. For example, a first threshold may be associated
with the temperature at which processor 100 enters an overtemp condition
(plus some guardband), and a second threshold may be associated with
the temperature at which processor 100 enters an undertemp condition. For
this embodiment, if control circuit 101 determines that the measured

temperature exceeds the first threshold, control circuit 101 transmits an
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tenperature cal culation are both done by circuitry in processor 1009 Ay 2003
the <calculated tenperature is then provided, via one or nore 1-0 ports, to .
"external wombrsedizcircuit 101, Control circuit 101 of Fi gurgg}mggdm{mes t he
tenperature of processor 100, as sensed by on-chip diode 121, to a
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tenperature and conpare that tenperature to the threshold tenperature.

Al ter nat i vEgducet insashifg diedvare nAsTRAENSoIeWE BAWBE MAdes bréftiediaiRg ng a
conbi nat | OH&%&{%S@?'irﬁoqafseﬁoﬂltgci[@%%‘?@ir gn a'f:%érood% E{Ufﬂ?g{\@@m%‘(&t he present

: . te
i nventi on, crrcul ure conpares the e red

t enper at ur emtfodimentst e pRELaN0 irvemitiog| threkorenbal thredholgs shagbe ddageshol d
may be associated with the tenperature at which processor 100 enters an
overtenp cBhdPt EEAMPE. establifd tRimasiAEe) power megns fer finer gianulardy of

det er mi nes r at xceeds (i.e. s greater than or
I s equal tBHCI)%ES%gtog}rae?ts#{aoﬁ?erbﬁg}%&rr%e%@[cg; control circuit 101 transmts
an overtenp si gaxternabclookt102l ofl Figarel 14rovides \etibegighad tbrodgsdobeat es t hat
processor 100 is to be throttled (i. |l aced in a | ow power node) to

r

reduce powePCcolfumioCKsHanaF dispd teoﬁeyéslpﬁ@vw%B&emceswsp@dat ure. |f
control ci eGkuriOdtidEbEIIbRRSIBY prdesRRI80EClock 102 may be the

clock source such as the system clock, or a clock multiplier or other type of
clock buffer that receives, processes, and re-transmits a clock signal.

Processor 100 of Figure 1 includes clock throttling circuit 122
comprising, for example, a phase-locked-loop with output clock control
gating circuits, also formed on the same or different chip as processing core
120 and diode 121.

For one embodiment of the present invention, when an overtemp
signal is transmitted to processor 100 of Figure 1 via control line 114
coupled to I-O port 113, the overtemp signal is received by clock throttling
circuit 122. In response, clock throttling circuit 122 lowers the clock
frequency supplied to processing core 120. Thus, processor 100 is
throttled, reducing its temperature. Responsive to an undertemp signal,
clock throttling circuit 122 raises the clock frequency back to its normal
operating level. For an alternate embodiment of the present invention,
processor 100 may include an alternate throttling circuit that, in response to
the overtemp signal, freezes or stalls a pipeline within processing core 120,
or otherwise lowers the power consumed by processor 100.

Figure 2 -is a processor in a computer system formed in accordance

with an alternate embodiment of the present invention. Processor 200
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tenperature falls below (i.e. is less than or is equal to or |ess ZﬁaAiJGtZW

. threshold, control circuit 101 transmts an undertenp signal via control
line 1ldwohwsssiglertenp signal indicates that processor 10§ chE&syme or

continue normal (i.e. unthrottled) operation. For an alternate enbodi nent
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100 . di ti E i G di i f ) )
701 det or MRS R P25 rudha cbupk LR Bt ¢ of€E £8] ecnol o,
control ci kO pdHs 218a3dI 212 aBxtefnal VAItAYETEA08toY\O00 HRBSHB P EIdeROD 06474

overtenp si 8nal via control line 114. The processor is then throttled until
2egiare nouPiRd K RIGressehab01 [Fontioh stiewiti 20t ip epupleddofvalitege bel ow
t he Secondrég{lﬂ%??{%aﬂglo%ﬂ@ds%itac&({n?%il flfg]é]' 4transm' ts an undertenp signal

via contro I ne € second thresho y be lower than the first

threshold by a Fheldoraponeits aHd Speation oty sysymbel Figuns 2usaitidn noa
reduce thrashing between normal and | ow power nodes by introducing

hyst er esi s MK tHdat ¥hiho Enaipaosh compenanty aad epaiption & the systea o
embodl Ment oPFIdRE 7 $RE R AN allie Ao WS PInd DiSehlTiE WA flg Moy Dbe used
rsn i es

to, for exarrp';e, esta ternmedi at e power of finer granularity

of  processeertpmpeandcidesansy signals tamdrnitted fioth eyondol elregik 200%iaf Figure 1
provi des a clock.signal 0. processor ., 100, The clock signal_is used to

synchr oni zEPKR' $i9BRlNg Al? &7 Previdad o extares] \H2BRITBBHEI oD Br ocessor
100. O ockegnaMniobe2b8€ In accordance with the embodiment of Figure 2, throttiing

of processor 200 is accomplished by throttling either or both of the voltage
from voltage regulator 202 or the clock signal from clock 203. For an
alternate embodiment of the present invention, a computer system is
designed that borrows elements from both Figures 1 and 2. For example,
for one embodiment, the overtemp and undertemp signals are provided to
both the processor and the external voltage regulator or clock to effectuate
throttling of the processor to adjust its temperature.

Figure 3 is a flow chart showing a method of the present invention. At
step 300, a temperature sensing diode that is integrated on the same
substrate as the processing core of a processor, provides information about
the processor's temperature. At step 305, an external control circuit,
coupled to the diode via I-O ports on the processor, determines if the
processor temperature, as sensed by the diode, exceeds a threshold. At
step 310, the process flow is directed back to step 300 if it is determined
that the temperature has not exceeded the threshold. Process flow
proceeds to step 315 if it is determined that the temperature has exceeded
the threshold. At step 315, an overtemp signal is transmitted via a control
line to indicate the overtemp condition of the processor. This overtémp

signal may then be used by throttling circuitry internal or external to the
-9-



cl ock source such as the systemclock, or a clock multiplier or othdr AUGp2003
of clock buffer that receives, processes, and re-transmts a clock signal.

" Processor wifgh/sg13Fi gure 1 includes clock throttling circui bc$RB00/06474

conprising, for exanple, a phase-locked-Ioop with output clock control

dore 0120 dear e OB did Rty o RER s El e Ry Er T on. when

an overt enpowegriggapracestoansmpetatdrd.o processor 100 of Figure 1 via control
line 114 coupled to 1-0 port 113, the overtenp signal _is received by clock
throttling circigtradas g Howddmhahowias anethen sethachef terkgsent22 | ower s

the ol ock ' ibLEAGNCKs SRPAOGuhBnRIIESRHolBNE QLS 378 of Fillfe e essor 100

is throttled, reducing’its esponsive to enp signal,
cl ock t hr ottehmpegatiire adnsindicdel has id imtegratek ofi rtag samcy shbstkatieoas tise nor nal
operating | evel. For andglthernate enbodi nent ’t"‘?‘{’ the present invention,

I

processor 1RJECRESNIFAE R RIPEEPIRt BV TSN beyt t’E"ﬁat , in response
to the ov ) e I ' | it hin in
e%ﬁp%g?%&’ sgf@'hp?rfa‘h?r%.z R%%EB%, aP) éd@in%g 'c%ﬁﬁoM&aFd"dat, cBﬁ@%@ 8! N9

core 120, erw se [owers t ower consune y processor 0. Figure
2 is a procthestdiode via l-<dpprsen thespmeessormddtarmires drtbapcecessiot h an

| t t nmbodi t of th t i ' P 2 -8 2 9 AUG
2003 V0 00/ GEPEIERET BRGET B8N 1Y T TB<IaLE ok AT ES S nheoeehosds
i ntegrat ed yd dBya0y ARG Ik 8RR orldalifeRem! thiddHor BRAVRE BiRedH¥g spme chi p.

Processor 200 I Rcl udes”l-O ports 211 and 212 coupled to the positive
(anode) andstepgaliovand 8a0hd dayureed.niftatap 410 dhedeogeds fiewtie direttedont r ol

Cl ot 200 A BB R 08 eA e deeP i A AT e RS 00
Control cCirpgi threlhbld s Freted Lol prittdRIR step 415 if it is determined that the
temperature has fallen below the threshold. At step 415, an undertemp
signal is transmitted via the control line to indicate the undertemp condition
of the processor. This undertemp signal may then be used by throttling
circuitry internal or external to the processor to return the processor to
normal operation.

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

accordingly, to be regarded in an illustrative rather than a restrictive sense.

-10-



regul ator 202 and clock 203 via control |ine 214. The conponents agdd AUG 2003
operation of the systemof Figure 2 function in a manner simlar to the
“anal ogous conponents and operation of the system of Figure 1. The primary
difference RetygRn the systens is that the overtenp and undertenp signals

transmtted Tromcontrol circuit 201 via control signal line 214 are
provided to ternal vpltage regulator 202 and external clock 203. In
accor dance vb%ﬂ’f 8HbSdi ment of Fi'gure 2, throttling of processor 200 is
acconplished by throttling either or both of the voltage fromvoltage
regul ator 202 or the clock signal fromclock 203. For an alternate

enbodi nent of the present invention, a conputer systemis designed that
borrows el enkents Apomebsar bofpgsings 1 and 2. For exanple, for one

enbodi ment, the overtenp and undertenp signals are provided to both the

processor anﬂcﬁiﬁgaﬁﬁég&,p@esgg@@@ggnéggqéame@éon@r clock to effectuate
throttling of the processor to adjust its tenperature. Figure 3 is a flow

chart show n ent i i
Comper ot ur e LRSI B0, Bhedrileq Bh Schin, o helh endtt ha ERrF Bl sfond. e

processi ng core of a processor, provides information about the processor's
t enper dEUREISA; step 305, an external control circuit, coupled to the

di ode via 1-0 _ports on the processor, determines if the processor

t enper at ur e, 2 Bt sdermaki-Gyportitoupled trthedirsideraring for¢appgion to Ap exismdh 310, the
process flowis directed back to step 300 if it is determned that the

t enper atontrel himsitnotd exceeded the threshold. Process flow proceeds to step

315 if it is determned that the tenperature has exceeded the threshold.

At step 315,a stBorvextéranid-Q ipgfiabuplsd to e Seddntdectmina fér connédtion to tHene t o

i ndicate the overtenp condition of the processor. This overtenp signal may
then benywsed cBXerdiiehi! 1 ng circuitry internal or external to the -9 2 9 AUG
2003 WO 00/58813 _

2. The-processor of claim 1, further comprising:

a third external I-O port; and

aclock tﬂ;on]ing circuit integrated on the chip to adjust a frequency of a clock
signal supplied i'c; the core in response to a signal received at the third port from the
external control circuit.

3. The processor of claim 2, wherein the clock throttling circuit includes a

=

phase locked loop.

4, The processor of claim 3, wherein the clock throttling circuit includes an o
output clock control gating circuit.

5. The processor of any one or more of the above claims, further compnsing:

a third external 1-O port; and

a throttling circuit integrated on the chip to place the processor into a low power

mode in response to a signal received at the third port from the external control circuit.

-11-



PCTTUSOQ 06474 processor to throttle the power consumed by the proceds8rAUG 2003
_thereby |owering processor tenperature. Figure 4 is a flow chart show ng
anot her nethod of the present invention. At step 400, which typically
follows step 315 of Figure 3, the tenperature sensing diode that is
integrated on the sane substrate as the processing core of the processor,
provi des informati on about the processor's tenperature. At step 405, an
external control circuit, coupled to the diode via 1-0 ports on the
processor, determines if the processor tenperature, as sensed by the
diode, falls below a threshold. The threshold of step 405 nmay be the sane
or a differeft thfesprobessoefranylose prermeicolf thesfbove tlapss, 3Msreamthe310 of Fi gure
3. At step 410, the process flowis directed back to step 400 if it is
det er ni thedindl kaxisot femprivep @ saitondivs deoice Ferthle@nn BR! eMiiconbectbhaudstoat d.
Process flow proceeds to step 415 if it is determned that the tenperature
has f al 1 I pgnral is

(13 B B e TR e s onS R PO P DRI bR, o o

transmtted via the control |

the pro hi. nder signal may then be used by throttling
ci rcui tﬁtgéﬁg?i&rs-r%gﬁléo@rﬁu‘g% é‘er IT%I‘ to the processor to return the processor to

normal operation. This i nver?gt i on has been described with reference to
specific exenpl arif RERERSEAT AL APX Org @y raere of the ahove clajmandither compasingient t o
persons having the benefit of this disclosure that various nodifications
and changes 3 i epternmh#® past;ianése enbodi nents wi t hout departing fromthe
broader spirit and scope of the invention. The specification and draw ngs
are, accor dithgitfing corclneimeyated onl therchipoi firktyslideahe pocésbiigto 4 loan a
restrictive sense. 2 9 AUG 2003 Wat is clained is : 1. A processor
conpr i goRgr mdde it Rshaist ida HighilQERHEIN tHeQhRd hort BIHAhHE xlchRI EsHNol
circuit and to second adjust a frequency of a clock signal supplied to the core in response
to a signal receivofd'-at the third port from the external control circuit.
8. The processor of any one or more of the above claims, further comprising:
a third external I-O port; and
a throttling circuit integrated on the chip to first place the processor into a normal
power mode In response to a signal received a't“ilae third port from the exterrial control

circuit and to second adjust a frequency of a clock signal supplied to the core-4n response

to a signal received at the third port from the external control circuit.

9. The processor of any one or more of the above claims, wherein the first
and second extemnal I-O ports comprise electrically conductive pins.

10. A computer system comprising:

a processor having a processing core integrated with a thermal sensor on a

substrate;

-12-



a thermal sensor integrated on the chip, the thernmal sensor having 2i% A6 2003

and.second termnals; a first external 1-O port coupled to the first
“term nal for. connection to an external <control circuit; and a second
external 1-O port coupled to the second termnal for connection to the

external control circuit. 2. The-processor of claim1, further conprising:
a third external |-Oport; and a clock throttling circuit integrated on the
chip to adj u@@olamrlrcgq%ﬁégﬁn@fl tcathémmssgr,gqqaplcém)&biMmabsmmmore in
response to a signal received at the third port fromthe external control

ci rcui t detémifibif apemperatme obthe pravesso, as whiged by tHeBer@l 0 6dnsb eRédelid g Circui t
includes a phase |ocked |oop. 4. The processor of claim3, wherein the
clock thrahbld e circuit includes an output clock control gating circuit.
5. The processor of any one or nore of the above clains, further

h I d
on The cni'p il FRPFT mdeon P ke BB tufpl il R FrRR Iblc et o

signal received at é third port fromthe external control circuit. 2 9
AUG 2008Mperafiie exes %&‘56‘?’3310 ny one ore nore of the above claims, wherein
the thermal sensor conprises a sem conductor device formed in the

sem conduct otl.subEhe comeputesfsystim of irlapmdfidwintreinghe conteo] fline $¢ compltdsecond
external 1-0 ports are coupled to opposite sides of the sem conductor

devi ce. thé protessonrand degpoceafordnludesa thiottling eirafit febsoralve e tid sigrias, furt her
conprising: a third external 1-0 port; and a throttling circuit integrated

on the chip tx flmtcoa{p%e@syhanwaﬁﬁsﬁ%m&te%f%mhﬁwme I, fikele I n response

to a signal received at the"third port fromthe externa control circuit

and 10 Seeonth-AlINAL efeldaPHURE 5oc8isof cEUIEK 0ThIPRceSUPRId 89hd S core in

response

line, to adjust a frequency of a clock signal supplied to the processor in response to the
signal. - |

13. The computer system of any one ore more of claims 10-12, further
comprising a vol.t,age regulator, external to the processor, coupled to the processor and to
the control line, to adjust a voltage supplied to the processor in response to the signal.

14.  The computer system of claim 12, further comprising a vo]ta_ge regulator,
external to the processor, coupled to the processor and to the control line, to adjust a
voltage supplied to the processor in response to the signal. -

15.  The computer system of any one or more of Claims 10-14, wherein the T
thermal sensor comprises a semiconductor device formed in the substrate of the processor
and wherein the external control circuit is coupled to opposite sides of the semiconductor

device.
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to'a signal received at the third port fromthe external control ci?&uiAU§ 2003
. 8. The processor of any one or nore of the above clains, further
conprising: a third external |I-0 port; and a throttling circuit integrated
on the chip to first place the processor into a normal power node in
response to a signal received at the third port fromthe external control
circuit and second adjust a frequency of a ock signal supplied to the
core in respi)ﬁse ﬁ%cwﬂtﬁﬁaﬁtewvﬁéﬁwaea{mwﬁwld)o 3 Whegsik thée ext er nal
control circuit. 9. The processor of any one or nore of the above clains,
wher ei nexteraakdontrel cizentt meagwnss thexelentmcal cHargtgpticsoftbaphenpel sehewto i cal |y
conductive pins. 10. A conputer system conprising: a processor having a

pr ocessdaegming £templepgiratof theprbéessort her mal sensor on a substrate; 2 9 AUG
2003 a control circuit, external to the processor, coupled to the thermnal
sensor, to get erid\@migutéd syRERLTahY bfie &f mbRORIAGRSIO 6, iderensed by the

sy
thermal sensor, exceeds a ?hreshol d; and a contrgﬁ I'ine coupled to the

control _ci jt.10.1r. i i | .that indicates if.t.he enperat ure
exceedscot%n%tﬂ%cé}gﬁl%ﬁrﬁi%%ﬁ%éggc%%@ né)?kfcg-‘rﬁag?ha&afcéﬂ#liﬁ?f%er ein the
control _line is co%pl ed.to the processor, and the processor includes a

t hr ot t | PFEaL seseR 4ndREeyAine; the megsureraents ipdhe external coprol elsmiut er syst em of
any one or nore of clains 10 or 11, further conprising a clock, external to
t he processok; colhsicemputer systerpod ey sur oraneretod Gléimsd6nltT; birthet i ne, to adj ust
a frequency of a clock signal supplied to the processor in response to the
si gnal .cobfprisifiga thimtthing eircigy sdupbadab thegontokling @ firstadefthe prceBorlifitol 2,

further conprising a voltage regulator, external to the processor, coupled

to the dlbAGRM®P ModBth feBporsh € & SighilGecdivedat tHeXoRftbLifile MdesERAE aduapP! i ed to
the processor in response to the signal. 14. The conputer systemof claim

1.2, f I%égﬁf:% rd.lc?ékr@?%l %@pﬁi@@ﬁ}ﬁﬁ%%ﬁ%?{spp%ttg ra?ﬁ#ng dﬁﬁé?sdaﬂrtﬂé:essor ’

COUp| e processor a to e contro I ne,

control line. -

19. A_rh_ethod of monitoring a temperature of a processor comprising:

measurin‘g-e]ectrical characteristics across first and second external I-O ports of
the processor, the first and second external I-O ports being coupled to a device integrated
with a processing core on a chip of the processor;

calculating the temperature based on the electrical characteristics;

comparing the temperature to a first threshold; and

transmitting an overtemp signal to the processor via a control line if the T
temperature exceeds the first threshold.

20.  The method of claim 19, further comprising transmitting an undertemp
signal to the processor via the control line if the temperature falls below a second

threshold.
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voftage supplied to the processor in response to the signal. 15. Th@ 9 AUG 2003
conputer system of any one or nmore of Cains 10-14, wherein the thermal

"sensor conprises a sem conductor device formed in the substrate of the

processor and wherein the external control circuit is coupled to opposite
sides of the sem conductor device. 2 9 AUG 2003 16. The conputer system of
any one or nore of Clains 10-15, wherein the external control circuit
measur es t he2bl ecThé ogthodiedany pre osmprofofaih &9 vh20, fatthes eomprising  det er mi ne
a tenperature of the processor. 17. The conputer system of any one or nore
of J ai reludifig kGreqhiericlyda claxRignabingspohseCidirtdewih@tHetReRéRp Saar for
nmeasuring electrical characteristics of the thermal sensor and providing
the nmeasurengfts TRe ko 6FERRRR c&%gmoﬁgjﬁs&git. 18. The conputer system
of any one or nore of ai s 10-9’7, urther onprising a throttling
circuit coupll_gd to_ the control .|ine tP first place.the processor into a

| ow power no uflﬂg?&eﬂ'd?‘f’ézé of g clock Sgmal In respansedq eI iBRthE SRERGIP | i ne and t o
second adjyst . a frequency of a clock signal supplied to the core in
respons¥28%: #dsi gnal received at the control line. 19. A method of
nonitoring a tenperature of a processor conprising: nmeasuring electrical
char act er i stinceasing Sedrdquenty it sledosighad it eespuaise fo Rcgoimgshof t he
processor, the first and second external 1-0 ports being coupled to a

devi ce undeftgmpisipflal. Wi th a processing core on a chip of the processor;

cal culating the tenperature based on the el ectrical characteristics;

conpar i ng_thgs { eOR!ALMEE of Bafn b B bERAGRE: and Lransm tting an
a Co

overtenp signal to the processor via tro ine if the tenperature
Cranam ¢ (i ng*Shihe b BESESB el Rung Ford s EsPore 0 test gt of 1 e i1
the t eng)v%lr_tgrtngrsﬁgnzﬁlmlﬁ bel ow a second threshold. 2 0 AUG 2003
increasing the volt_ége supplied to the processing core in response to rem;,iving the
undertemp signal. -
24, Ti';e method of any one or more of claims 19-23, wherein measAun'ng the
electrical characteristics includes measuring the electrical characteristics of a diode
integrated on the chip.

25.  The method of any one or more of Claims 19-24, further comprising:
first placing the processor into a low power mode in response to receiving the
overtemp signal; and , T
second adjusting a frequency of a clock signal supplied to the core in response to
receiving the overtemp signal.
26. The method of any one or more of Claims 19-25, further comprising:

first placing the processor into a normal power mode in response to receiving the

undertemp signal; and
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21: The nethod of any one or nore of clains 19 or 20, further comg Qsj\[}g 2003

reducing a frequency of a clock signal in response to receiving the
overtenp signal. 22. The nethod of claim 20, further conprising: reducing a
frequency of a clock signal in response to receiving the overtenp signal;
and increasing the frequency of the clock signal in response to receiving
the wundertenp signal. 23. The nmethod of claim 20, further conprising:

r educi ngecnd adsting & rppichexiof aclotkesignal seprdied go thercerd in regwpseee t 0 recei vi ng
the overtenp signal; and increasing the voltage supplied to the processing
cor e i nreceRhRthe uhderfefpadigtiang the undertenp signal. 24. The nethod of any
one or nore of clains 19-23, wherein neasuring the electrical
characteristics includes neasuring the electrical characteristics of a
diode integrated on the chip. 25. The nmethod of any one or nore of C ains
19-24, further conprising: first placing the processor into a | ow power
node in response to receiving the overtenp signal; and second adjusting a
frequency of a clock signal supplied to the core in response to receivVving
the overtenp signal. 26. The nethod of any one or nore of Cainms 19-25,
further conprising: first placing the processor into a normal power node in
response to receiving the undertenp signal; and 2 9 AUG 2003 second
adjusting a frequency of a clock signal supplied to the core in response to
recei ving the undertenp signal
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