; PQe3eLKxLH, "N6$Tx/ 4'5 FEB 2003 Met hod and Apparatus to Control the
Tenperature of a Conponent Background of the Immmmnmmﬂmm present 5 [FE8 2003
I

invention pertains to a nmethod and apparatus t t enper at ure of
a conponent Mre particularly, the present inventig&lcg*ertal ns to a met hod
and apparatus to 5 control the tenperature in a conponent by reducing the
rate of data transfer to and/or fromthe conponent. Electronic conponents,
such as menory Vethpd amgt Apparapesid Srantiod thesT qvepryatpre sRnUpimpooktpset s (e g.
82430FX PCl set manufactured by Intel Corporation, Santa Clara California),
graphics controllers, and processors (e.g., the PentiumI|l processor

manuf act ur Back@rduwd lofitiel inteakiper ati on), are electronic circuits that heat up
during operation. In nmany cases, the specifications for these conponents

i ndi cate a maxi MARESHHBYETGP @eddinsyiRiadrethefband saprspmto ¢antmol i sgmapesature of
correctly. L - , r tic
condi t1 ons® FembEnC MBEARIRHEIREBrekcth Bk ATREALM 5.0 EKS! B RERLETE

bei ng 5t r anadnerol the tenpbranresh arcedpoenhbyretiinengthapeiefdata tFiister ke anlidort feore EeOr S
in other conponents that rely on 15 such data signals. Al so, excessive heat
may cause fHAPFYual circuits in the conponent to becone irreversibly

damaged. - Sever afc B QfEUH RRAEERIN LRI POS Gt OREMN BbostOlEiBRPEr at ur e
el ect n

probl enms in conponents such as the c conponents descri bed above.
I n one sys{SRAMPhenpsatsde gp GAETNF XoRCeresanuifotunait by Intel CerporatioedSantd Clata, e. |

shut down) d requires the user o turn off 20 the ¢ uter system and
turn 1t onCHBSmIS LS RBry R e SRS @ P RSN E SO R R e
problm segnvd CBrp“df'&fbng a8/ Qé@BnicirkiatthitRatUupiudthg bp&atiiIMH ndhy cSses, the
conpletelyinterrupted by the shutting down and turning on of t%e conput er

system Thweefi¢agions fos&ese eamppngats HdiFateridnasypam Aemperatietat shichike ¢asmponpiat
control of r t r re | 0 .fe such an
ot er rupt 151 PR et RO A ol RPN e olRhe 8 e R bro bR P OO e
of the presaditiohymenbdicun, Fiesn, thppempingst sy qoipydmiseldah siginlClosivg wdrsfetraé
tenperature of a conponent The apparatus includes a control device adapted
to be coupid@rsieredwitup thsgeapenent, dhis fpads ©rrioss Bother spmponeatsdhatreli oai ssi on

rat e et W, hig SAIILT BlsodRYLESe AR ) 2 SATRAARA! RERSH RO SmbREGAT Ure of

t he conponent.
become irreversibly damaged.

Several procedures have been proposed to control overtemperature problems in
components such as the electronic components described above. In one system, when a
component becomes too hot, it is turned off (i.e., shut down) and requires the user to turn off
20 the computer system and turn it on again (preferably after the component has cooled down).
A problem seen with such a system is that the use of the computer is completely
interrupted by the shutting down and turning on of the computer system. There is a need for a
method and apparatus that allows for the control of thermal temperature in a component that

does not require such an interruption in use.

25 Summary of the Invention
According to an embodiment of the present invention, an apparatus is provided which

controls the temperature of a component The apparatus includes a control device adapted to
be coupled to the component, and adapted to control a data transmission rate between the

control device and the component based on a temperature of the component.
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, ~ F: 210J Brief Description of the Drawings Fig | is a general block
d| agram of a system constructed according to an enbodi ment of the-prgasyemtzam
invention Fig. 2 is a block diagram of an exanple of the systemof Fig 1 5
Figs. 3a-b are block diagrams of a DRAM nenory nodul e constructed according
to an enbodi nent of the present invention Figs. 4a-4b are flow diagrans of
a net hod Boet ; ptiomofahe Brdygddsment of the present invention. Detailed
Description 10 errl n ener al bl ock d| am of an
enbodi nent of F'ﬁe bsraé%eé’g'ia ﬁ'ﬂvl%g'?g%‘ﬁ‘ qus WO“SK“%IS‘?]?WBI %e japgmppdiment
provi ded Mﬂh@@r&éﬂnmh&, data to and/or receives data froma conponent 12.
As used herein the term"data" should be broadly construed so as to include
data, command, Figodivablockadiagransy amemhmpltefithssystemsifgimlls. Conponent 12 at

I east, parti al I

a recei data fro control devic
generat es heat¥§u§ ﬁ%a’ﬁ%g“}ér?&gamso \ﬂl lfcﬂwuﬁtc?ﬂéf’%?{ “%to
terrperatua@e@b@n@bmmdletIfragaﬁmvent,b@t si gnal to control devi ce. For exanpl e,
this terrperature signal could be an actual operating tenperature, the
exceedi ng of aFighctactberraflpwdiagmmnsst{@ireethast sccadingdo emem merrfwéﬂmjﬁsemtsl gnal
from conpgpeni,,12. control device 11 reduces the rate at which data is
transferred to and/or recei ved from conponent 12. 20 Referring to Fig. 2,
an exanple of the circuit of Fig. 1 is shown in a conputer system

envi ronneqt . t he enbodi nent of Fig. 2, conputer system 20 includes a
processor Mgwg—ipentl um || processor manufactured by Intel
Cor pgy ati on) CRHthr?n‘g tB‘FI%,l?@géh%%ll Fl%gk Qﬁ;r@m of%ggl% E&f\'ngglo?%e &@&Hﬂ‘ lﬂ%nlﬁ gd by

I ntel Corporation I's exanple es a
cont r ol | ers sheen.28zoatmol dacmce rhpistrfroudq:ﬂ.whlch fr@smite data od hmﬂomud:m\zéz kiata'ﬂ'tmse

" Sout h* BERIER 1% JAIGED PRI/ ety CBPE BF b fpre e R b bR a1 o

f/O contr @Ith QortiiiAd 2«?&%»51 addredtUEnd2thdr Quh signdlsP ConPRAERY RN 1@6@&&&&1 ?:Qs ho the
Peri pher al ggrgnent | nt er connect (PCl) specification (Rev

Speci al | reslt ekrecelying data Fiom eppiypbdevioe d dogeneraps byat during Hieeper %é@ﬂa gr aphi cs

t yol | . . Vi
Sovatten EoRtaF AL B e S ol G XA Al MU BRR Bafpacicd
Speci f i caForasxampeyihsi taﬂpératﬂre dfaPéould i £ actual @[ﬁfﬁiﬂgoéﬁxberatbﬁtfﬂfe)exmﬂmgm | er
hub 22a i ncludes a nenpr at us re(gl ster 3 1 coupled to a nmenor

~ Li ~~~ coft prefgtesmingg t P RSP Pl}@ﬁt?lgpeewﬁw@aakfborbﬁ@nmneﬁbf?e menor

devi ces s i (e g,
Rarbus. DRATTE o eGP, A6 G RE aiE ot I‘**I’%fﬁﬁ%%e?’%%“ﬁmpl e’ of

one of t heonipifbitdevi ces is shown in Figs 3a- b In Fig. 3a, rrermry 5 device

33a j.ncl udes oard 4 uch as a pr,i nted ci t board on whi ch
e Hoant g a BelRGEE o Fis 2rrraneh of e Grsst & Fign | i3 hove dbb e Rlier Saomhar i
sensor  43edvirofhémC e theletbbindet d’f:Fli;Z g:o}npw!eﬁsﬁﬁbkﬁ 20 indlB8és B roSRTRN (43,

~ o~

includes an output signal line 44 (described below. In Fig. 3b, a si de
vi ew of thBentium® | presessos npgufagifired Intsbﬁcvrgorgh@mouplnd thi ghlb%@a%(%g a
conpr essi I S e 1o
o e BT PRy AN B AR 1Tl Sl SRS RGld 07 |

heat spr eaeforyldoairélletbab 2tieaid adngadritpy I(Hoymm@ﬂemarnbm&eabnaolm tabl e
thermal | y conductive materjal and coupled via pins, (e pins 47a-b). In

operddt i onare sorastiags refered fo inhs art psgyA¥rth idsge “Sr?g‘tqw*%‘&{tgegéP@F%ﬁ"é]d by
menory mﬁ@@sfy @IIBII&%B ngg%gg c%a,[)nsa ahﬁb%sfu?m hd286la B8 2§ﬁ]§é§£’&fs

pl ates 46a hi's e ermal sensor 43 senses
t enper at usperaing taberdiegoy the Pedphieesd Gompoaend intencouhece(PE3pspekificaton4ReN. &, 1,

t hermal sensor 43 can i cIu kngwn t he n anal evi ce
i e o EOESReeiahtoge o o alsBarer orakop OB fesired b ztaniis SMbeneh A s
an anal 0g5d Qugle@kd HilemBBr%‘ﬁfrbﬂ%r hub2ba GONVES b AlicaBpEicY Pbi A PY! ue
across the thermstor to ital value (not shown specifically in Fig.

2) . 3he dintprfacd (SVG.AlﬁBPChlIfPTfah@ pesificaioon Rewgion d.0a ©1996, Intel Corporation)).

Memory controller hub 22a includes a memory status register 31 coupled to a memory

2-



20 threshold value (i.e., a value representing a desired maxi nmum oper ati p‘]ch
tenperature), and generate a pulse signal on signal line 44 to i mibchtd 2083
that the threshold has been exceeded. It nay be desirable if the threshold
is set to a value |ower than the maxi mum operating tenperature set forth in

its specif] C?Elie?'}z Il\/rllentmhe g[gb(?ldi ment o({t Fig. 2, si ?nal i.ne 44 from sensor
43 is coufPBEOHD 3% JATAGE COPEOTISH b SEuRle f’@n?@ﬁfrﬁ)'e‘ﬁ RO HeYIERS BT BINPBIC hub
22b. Al t erraddny &lckss héRSADRABNSRYSeOTBaal@ig i FORMus®OBIRAM LR REmBRL- ¢ may
have signal lines (elenents 50-51) coupled to this GPIO pin. In that case,
si gnal i res, Meunem VigwdCdifpiniag used as inputs to an OR gate 55.
Accordingly, Vv I iIf,0n appears at e or nore of
menor y m%dﬁl e\é\k@gg@gl p%e%?’,ggftg’ﬁ?era ualrég’ggejsx%éheo ¢ 'gefﬁsrsafbtﬁ)@%ﬁ&t (6] ™ (3
appr opr i atdvsée ghainciudesgeiardd eGudoastyprint&l dreuit 6620 (RICBY up6meaich 6 J

sensor 43) and passed through OR ?ate 55 to.the GPIO pin of 1/O controller
hub 22b. 1ToYfRd? imbep PEmenpy reRduas dafrér 4 thiserahodimant, #therma seasar4dlis er hub

22b cause ' t er : 0

appr opr ars ke Bof i (8. B BAOCTHLAR sl SRS sk bl B Tucle

i nterrupt ((Sktihed teiiw)i In Brgedkntsiderviaw bf thatremoPeddvice33abfiFige3d is slowil. In
processors,.and a systemcaptrol interrupt ($SCl) (see "Advanced

Gont 1 gur atilio RIS BEREPF RIS, PeEisl bEei i e lPer ABisaressbgearbe; o,
Deceper Z2omdr? 2dukY (d 91 Abm&YRAAAL 408 P hndhenal {dAsdr@SRANSLheaPERERRSOT 21
notifies nenory controlTer hub 22a of the 5 overtenperature condition In

t he exanplpbatofoai Igeat Spreader plajes 46&b erqpnideindd sbipable thetinradly conductiggnatepial an

appropri ate,val ue, i.nto menor tlatus regi stier 31. A penor ontroller 32
R homror y B KOS UF PReE Soar iAo SpHER LRl SinsGr T capablet e Peang
readi ng) okatdRhérate@/bl npmobRAMdevdoupRd 38Bodid 41 Riatdlistoni o dhd At spreduer dat a
is sent and received according to a packet protocol. Each packet is sent
based on @atest46ady val ue 70 (e.g., an anount of tine to delay the

trangg ssion o : t I i - r the packgt has
been?gpnr epar ed) fhf:glrpseeen@goﬁphﬁég}’ t%&ﬁaﬁ%}l@g’rﬁ% g&p@ggﬁ%@%g@ ﬁ%ﬁ?@% ®33a-c
are not exhmbmbiygodule 38ae rfoe eypdd, uhiezmaloseaior 4B 6an inbladd akeovaythuabister Gaqul d
be Low and preferably zero. Mem)rklh controller 32 periodjcally checks the

contents &P 2fiapAgicsihaying 2 restiance thagghanggsdn Prapgrtiondp ambient{gmperewse) and
overt e”pe%ﬁ‘tah%[lﬁ%-ﬁdéa‘i it41icfveriar (B NNl et G LefSe AiApE valhiB RE¥ Bl inflthbelo 232

t hen i ncreases atency val ue, thus slowng down the transm ssion of

dat a bet wdigitalraier(potchawn spdciicaliiib FiR ).afble ptlivalee caetheBBacampaiddgo a
redugtion_in,data. traffic.to/from.DRAM devi ces 33a-c results in.a reduction
of tffe opélFﬁﬁlﬁoﬁlgvaE‘?r{‘b%r%Yﬂ‘r‘eeref’{f?e‘?'ﬂﬁg eYERY; TaKImun) QpeTpE tEMDEraEA Ay i c e
33a-c confgbiddfe h QuRPSIEA On Gighdl@hé 44 MdRaeltReke thivkkilg iRHee®bxcdaded) 1despi te
t he overtenperature condition rather than being shut 20 down conpletely.
Wien the @wy&edesimbleitise tiesheldds set to pyplpelower than thegnasimemoperabisg data t o
DRAM devi - F O devi ces (e.g., graphics controller 24) may
be Iovverege%?pr??a?%seggt}]@éflqr&ﬁge%te{lg‘%ﬁlgrgat ure at DRAM devices 33a-c falls bel ow
a predet er m neth the emboditnbntastiig. A2, snaldine 44 ditoesensirgd ad cqupled to afgememalsensor
43) is sent to the GRPLO pin_of 1/0O caontraller 25 hub 22b (via OR gate 55)
to i #tli caPPPIOHEYY Rizgp stcoarrel_lfag@@&?P-nelts@a%vegmffer@#émspgﬁ ow enough
tenper at Uﬁ&‘cﬁttidgaapﬁlwb REUIIBBE RS fay Have BEndl Bhés (CleRRBRE 80-51 fL&ipdLtd B Mor y
controller hub 22a. The receipt of such a signal at I/O controller hub 22a
causes a S§PIOmpih. i Inttkat caget sigmal limes ddsShrand 31 aterusedsypopseto prORgsweds. 21 pl aces

the appropriate valpe in nory status.reqgister 31 (e.q., resets the val ue
St or od 1t nrETIREYHE A TR SR AP B a4 e b MR Bt r ol | er
32 to dechRasies $1ec (el SBfmPerdidfkcbisth first tAredRi1@) aBhropiake ishendlata
transm ssion rate between nmenory controller hub 22a and DRAM devi ces 33a.
-4 30 by its corresponding sensor (e g, sensor 43) and passed through OR gate 55 to the GPIO pin

of /O controller hub 22b. In this example, the overtemperature signal at /O controller

hub 22b causes an interrupt to be generated to processor 21 Examples of appropriate

-3-



- 5 f~~-~2a3 In the enbodi ment of the present Invention described I‘@bﬂ 5
DRAM devi ces 33a-c well continue to operate at an appropriate raté 9 @
a possibility, however, that the interrupt between I1/O controller hub 22b
and processor 21 will be inpeded For exanple, a set of code executed by

processor r 5

Perr upt SRkt BREE olsPhdl b clete BB (SLHP B0 s SRR 1 IERENEIN® o1 ner
el ement s @ad Pb«exum@dahbrboesmrem sRRAM: aletol hesrudBEsCl) f(§dénwal>&@xﬁ6dil ng a

maxi mum r&tﬂelg%ra ture I/O controller hub pay include a counter that

starts co Qyeghapriacs Specisayed . & afy Pré‘“m HOpPecemppe?, d8%htber 60
expires af b n

nter r upt ‘hﬁécﬁ*egﬁggﬁn’é‘?’@eﬁ%w% PRSP | bl AR SE RpRONAS D2 o
an 105 approspitérageeatneseadigon slnsteﬂexafnpdzmﬂF/xg)Zcﬁnms addoaiplishet) b Abitibg (srenor y
controller hub 22a via. bus 23 or a dedicated bus_61 between these

conponent doeging) Ap appyRarate Yalueinle LHRPPTY) SRS REeOdh sets the appropri ate

val ue in menorw stRbHSoh®OIes BLlin ééma@ doﬁ@blfé@h@cﬁﬁa%o%ﬂ@ls@ﬁ'@@ﬂsﬁ%&%n@@ cri bed
above. Wen the tenperature falls 'ow t he second threshold value, the
resul ting vgltglgand sﬁadtnebofcdalaOOﬁfrmn @Méeue@&w |Immm0éimengemdms an
appropriate nessage ntrol ler hub a or co ter, 60 can be
io6d o alTUiRs Foreanirarig oR B BB dfectasttranrery b GRAEIEE brapResuc

i Nt eyd upt (e AS avbuhburit DE tigs aTPEISy B OdBsmitsiun JTRiseSRGRst 16/8681 DRAMYevides 35RE0DI Y
controller hub 22a, causes the nenory status register to reset, thus

i ncr easi n@fteée gagkat hasbeen peparesth DRAMamele, dergngamamal oparatier When BRAM di ng t o
an enbodi f | n bl ock
101 the Seakes v e RAERfBAinb B BGRRelaRr e Db ke g Bt e 7 PP
oper ati nglat ampxafembmm eMemopedoatroliiez 32 Thamsdichlyecheeisehofontiat oftmemsi SSsi on
to and/or from CO i S nornal ., at _full speed).

I n deci si é'r‘?“’élr%?ée P\%T“ qeglg@égbwm%ﬁ@aare\ﬁgqrwg}pe@ngéﬁg%ﬁmm RAM conponent
12 i g Fi 9 glvicQR30RMRkMo S Wohtr8ifer @Bﬂ%msé’s RS Biréncy Dalfid, ghus?s}ovxhﬁg G flet 1 Ng
an overtenperature’ condi'tion. If there is no 25 overténperature, condition
control passawsspmck data hstemesmmnoln}}' cakroflehubQ2h endVDEAM dc\ncesdBa-paél‘shes to

bl ock 105 ( counter i s optional started as descri.b

obove. 1 refabiin §@hatRElc ot BRARA b ot SHEuliY ndh BiuGOnat e Shplpifs &
control | eEen’iﬂébat@rglfoﬂ t!ﬂesE'dewgs) AchGrdmgQ,C PRI deviBesBBa !l RiMIcab BperafeQaBkit | ON
is logged (e.g., by witing appropriate data to nenory status register 31

in Fig. 2)mth|ar$lqyee¢ ithypeghpyt efcdatad espiteithy. ovgBymperplarecandition ratherdhancieing shet 30
see it I, d t 111 to
det ebrafm ne |\®§ c&%ﬁ?l { Vﬁi‘{“ e dmg"%’é@g{ﬁﬁ ‘Jfltgqgﬁ)%?erﬁl ’ &egﬁﬁ@a% ?f:‘aqﬁ& °has not ,
then the mmeelmeésanceoﬂi@ndmmexcda:vich (e@Qaabhid3 controller24) may be l[dwere@in m a
direct manner (e.g , through direct conmunication between 1/ O controller.
hub 22b aff@P®Ekory control | er hub 22a in Fig 2) In block 1 13 (Fig 4a), the
data transm ssiqpn 'Eé?ﬁr{ﬁrdt&re sPHRAS 450c3334.8 FIRGRRASLOAAORFALLS
tenperature of co nt 12 1) In decision block it i1s

det er m nedershmldeAalmer anotter sigeal éﬁ g n@omemper #3)us senhtosthe é}PII@rpnbd Ifvcantsidlennd
threshold I.n_decision blaock 117 it 1§ determ ned whether a rupt was
or evitbus | Jueatastat B sgF o indicaes bab et G B Sodann iy SAQUE IRl L1 on i
bl ock | 07 ndufgh kémpiRstureth BEBOMN ih&tbasP AEEE Yafadranbfeiatel®h MmemBr/dohtraller e a new
interrupt is generated and then an undertenperature condition is |ogged (e
g., by wr huti 2dp. dheregsint af such asignalgt H&wmgrogqréybéﬂa eayisex avecend ipterEpiio 2, see
bl ock 119) | terrupt 90 A9 Vi { control
passes di b@éfﬁs‘;}rn%‘ riBIr%Sg[% f’l@rof;g\@ I{h}"fgs ﬁxe&gé’r%g}ﬁatgslglt% %?‘e‘gg%m&q?‘ i'on in a

direct nmardpRter3s (€8s edstbad V%bﬁ\éﬁ)rédlthblleﬁi) k Thedew Tvlil&e havegisten B cduses memeds ed
so as to inprove performance. In the exanples of Figs. 1-4, first and

secolfd t esqsiolen 2dordeersassdhailateasyivluede @, i &ero) urbincrsasein date HENSUSI®IS t he
first te a4 v ed to a 15 predeterm ned
rate. V\hg% ﬁéew%egln%éel? E?‘lé‘ HeHﬂ% ea?)l\c/iva sec%ﬁ%gfje%perature t hreshol d, the
data rate is increased to its original value. One skilled in the art Wil |
appreciate that the method and apparatus shown in Figs. 1-4 can be nodified
so as to handle additional internediate threshold val ues. For exanple, when
tenperature exceeds the first (and highdst) threshold tenperature val ue,
the data transmission rate is reduced to a first (and | owest) value. 20 If
the tenperature is below the first threshold but exceeds an internediate
threshold tenperature (i.e , one that is in between the first and second
threshol d tenperatures), the data transm ssion rate can be set to a val ue
that is internediate to the original (full speed) value and the | owest

vaI ue. Accordl ngly, u5| ng t hi s feature of the present |nvent| on, t he data

.
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30 into larger conponents. Al so, the present invention applies to . £ 200
conponents ot her than nenory devices Wien using a nenory devi ce, 'h@vm{aver 2003

the data transm ssion rate between the -6 - 5r t: i3 zoos control device
and the nenory devi ce can be reduced by reducing nurrber of wite operations
or read operat L4400 |nstead of, bot s at the sane

i e 1P BB o ih st i@Ne horeRied abBve, DR M Rs Rt st o

t enper at Ul m‘nuauccmmmmt mmﬁpﬁopﬁategata TheRE [sQl pod@tilng Ehnkaet, @cht ik be
coupled to a conmponent, wherein said control device is adapted to control a

dat a tranyW§rayt 8erHese Hod@PWé'éﬂrﬁ hyty22p andrirpaspsoady iwelbbesimpeded dForsnproment 5
based on getto?e@&r&tewt@dg; BbrORRAEN o if ukf: ABRMALHE Ol Chalm | Turther
conposi ng a conponent ¢ d 1o said con dev i Ce € apparatus of
clai m 2 whnegraipns smadrcbngltoramthﬂthlﬁehm@mef &e@@dsd\tdﬁemdm athai élsmaﬂs tate when
t he terrper%* re of s onent exceeds a first threshold 70 4 The

appar at us P Areyeat IcEST - %%ﬂ'ﬁ@ﬁ??ﬁf‘mgé“&x%deéWP@é‘Uf% V9he
appar at us . Qfyrdkfhdp rﬂawﬂaﬁ@é Qc&m& tm%ﬁp&ou@lﬁ ¢9«ﬁed Ssifha RITR g%{ peol | er hub
6. The apparatus of claim5 wherein said y cont ub 1 ncludes a

menory cofPiOIpirer Wheméaintee 60 eypires aftercl ;ireﬁetarmmdaipte@dnd)cb itis detemihedat a
packets to Id nenory deyice with mount . of en sai d | at ency
anmount bef ﬁ@t%Frn*H‘r'Bgé%lét ﬁﬁe"agef‘%rﬁi‘fgﬁét[@)r@“gf’”?éﬁ“h%gbj (8 POEhFN@B exceeds
sai dygf i 1 shp d;éblmmlegg el1s seld SroAPIPA ekt sHePhubCl 28 IR mMREE Skl &g zlz@wancy

anount is creased en a tenperature of said nenory device falls below a
second t hbussHotrch degicalad bupphbeiween thesecomppusintst dnprspertsereeradry sonteetisr y devi ce

conpri si NRub 2oa"={hY apq)?gﬂn%?e \Laﬂl%ll}il m%ry status register 31 as indicated in the

embodiment described above. When the temperature falls below the second threshold value,
the resulting signal at the GPIO pin can be used to immediately generate an appropriate

15 message to memory controller hub 22a or counter 60 can be used to allow I/O controller
hub 22b an opportunity to generate the interrupt. As with the example above, the message,
received by the memory controller hub 22a, causes the memory status register to reset, thus
increasing the data rate to/from DRAM devices 33a-c.

A method according to an embodiment of the present invention is shown in

20 Figs. 4a-4b. In block 101, the system is initialized where it is assumed that all components are
operating at an acceptable temperature. Thus, the rate of data transmission to and/or from
component 12 (see Fig. 1) is normal (e.g., at full speed). In decision block 103, it is
determined whether a component (e.g. component 12 in Fig 1, or memory such as DRAM
memory 33a-c in Fig. 2) is exhibiting an overtemperature condition. If there is no .

25 overtemperature, condition control passes back to decision block 103. Otherwise, control
passes to block 105 (Fig. 4b) where a counter is optionally started as described above. In
block 107 (Fig. 4a), an interrupt is generated (e.g., by I/O controller hub 22b in Fig. 2). In
block 109, an overtemperature condition is logged (e.g., by writing appropriate data to
memory status register 31 in Fig. 2). In decision block 110 (Fig. 4b), the counter is checked to

30 see if it has expired. If it has, control passes to decision block 111 to determine if an interrupt

was generated (e.g., in block 107) If it has not, then the overtemperature condition is logged



20 at least one nenory nodule; and a tenperature sensor coupled to sai
menory nodule ; and a control device coupled to said menory devi ce, éa+‘~d7003
control device is adapted to control a data transm ssion rate between said
control devi ce and said conponent based on a tenperature of said conponent.
_a_ aratus of claim erein sai d nmenor
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t enper at UrRMSBNEMErotlEchud@IRiEBgt ) sai d board. 10. The apparatus of claim?9
wherein said menory device further includes a thermally conductive
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Is a menory control|ler hub. 13. The apparatus of claim 12 wherein said
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| at ency, sai at ency anount being increase a tenperature
menory dewiher ameeeettsruat Sigestratchareishel oh unﬁdrterﬂ'ﬂreeatarppcamanmlscbcﬁggeﬂ & g 83

wherein sai d Iatencly agount S decreased gﬂpﬁ %ure o{ sai d nmenory
devi ce faM&nHEPRIQPTIA!E ?:tﬁﬁ‘amf’ﬁ‘?@sﬁ%ﬁfeg‘i@ Alrl de} off pp Hgerrupt

tenpgy at Upgs H&t%r&&éﬂ%WEéﬂEraﬁ‘e@”ﬁl@h §6d?ﬂ>l p&,@é}td’nr@étly’ thJl&kq%@o fdg gpsm ssion rate
between a control device and said conponent based on a terrperature of said

conponent undegempgmragonditioflin Adirgd rmaAne&\LanMt(QE{d&wh&/dn/blca;kznl the data rate
%{ca?i:g?\c Sd%c]r% ?‘ﬂ;ﬂ %S]tfdé @&%gl\‘iﬁr@j‘ E:Z]! \(;"a] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
In the examples of Figs. 1-4, first and second temperature threshold values are used.
When a component exceeds the first temperature threshold, the data rate is reduced to a
15 predetermined rate. When the temperature falls below a second temperature threshold, the
data rate is increased to its original value. One skilled in the art will appreciate that the
method and apparatus shown in Figs. 1-4 can be modified so as to handle additional
intermediate threshold values. For example, when temperature exceeds the first (and highest)
threshold temperature value, the data transmission rate is reduced to a first (and lowest) value.
20 If the temperature is below the first threshold but exceeds an intermediate threshold
temperature (i.e , one that is in between the first and second threshold temperatures), the data
transmission rate can be set to a value that is intermediate to the original (full speed) value and
the lowest value. Accordingly, using this feature of the present invention, the data
transmission rate can be better optimized based on the operating temperature of a component.
25 Although embodiments are specifically illustrated and described herein, it will be
appreciated that modifications and variations of the present invention are covered by the
ahove teachings and within the purview of the appended claims without departing from the
spirit and intended scope of the invention. For example, though individual devices are shown
in Figs. 1 and 2, many of the devices can be divided into separate components or integrated
30 into larger components. Also, the present invention applies to components other than memory

devices When using a memory device, however, the data transmission rate between the
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10@: ‘5 based on a temperature of saird component

2 The apparatus of claim | further comprising

a component coupled to said control device

3 The apparatus of claim 2 wherein said control device lowers said data transmussion

rate when the temperature of said component exceeds a first threshold

10 4 The apparatus of claim 3 wherein said component is a memory device.
5. The apparatus of claim 4 wherein said control device is a memory controller hub
6. The apparatus of claim 5 wherein said memory controller hub includes a memory

controller, said memory controller is adapted to transmit data packets to said memory device
with an amount of latency, said latency amount being increased when a temperature of said

15 memory device exceeds said first threshold.

7. The apparatus of claim 6 wherein said latency amount is decreased when a temperature

of said memory device falls below a second threshold.

8. An apparatus to control temperature of a memory device comprising:
a memory device including:
20 at least one memory module; and
a temperature sensor coupled to said memory module ; and

a control device coupled to said memory device, said control

device is adapted to control a data transmission rate between
said control device and said component based on a temperature of

said component.



10%G () - ! - | Y0%@ER () - &667899>: z[ <~\: 0- ul | 1OUGE' ()- 3%A0%GE () - !
3940%668& ()-! 3%0%@ER ()-! 39%40% | & ()- YSL0%G () - nb: P; : S
—v=>?} [ <~\ : 0- Ul ! - YOLOU@' ()-! - YOLOYDDE () - %940%e& ()- | | %9 00oDR: Y )17 398D
@ ()-!{3%0% ; & ()-22222?@@/@\@C8u 10- uy;
10% & ()-910% u& ()-"!10% u& ()-%0% u& ()- 10@ 10@ 10@':
10%G () - WeX@ @@ @3\ Aj KhC8u 10- u! 10%& () -,
10%& ()-10%& ()- 10%& ()-!f&S10% {& ()- 10-u 10- uj AAMAABBBAEKbCBU 10- U’
10%8& () - &Y10%&' () -

10% &' () - F40%2 &THe aphBr¥l& of ()lalrEfBW%e&x {a)d Béh3rCaevidéRihEKh S s
10-u) Z2"10% & ()-&10% % 10(V f#! 10% -
10%& () - 10%& () - D. %ﬁﬁ%\‘:‘qﬁfﬁ?@ ey Moyl aigﬁfg‘,emperat“re sensor are coupled
10%&' () - &@20%&( ) - | 3mL0%& () - 110%& ()-L 010%& () -. 10%& () - WEXFFF* GsG
GaUV7/ 10ZY10%& ()- 310%& ()- | 109 ()-! Y&y 10%& ()-sY&g 10% & () - SYA0%& () -
10zG Hr HHxI 1 JdE7/ 10zYFI "f 109%& ()- @9z 10%&' ()--Fsz
1098 () - - YIQU&' The appasis 0f i P whenl (it g RMKEKEBrheORoles f 1098 () - @92
109&' ()--610%& ()-Ff} lr(é%#anf)con&é@éfelés)onlze&%&ﬁ&d(t% saNHh iRy molfadhdigaid 3] ¢
"Headi ng 23] c" "Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 78TEeralESEFNg 83] c" "Heading 93] c"A "Default Paragraph

Font' & 1<X_WCLHLNPRTVXZ\ NY@ LK/ 01230 - 943% - 4&6>: ?W@ ABDWFGILK456789: ;
<=>? @\BCDEFCH JK|

Tt or aobe ol bbafdES gb i AR S5 Cati ovbE s B dota ransmeiy

rate when the temperature of said memory device exceeds a first threshold.
12. The apparatus of claim 11 wherein said control device is a memory controller hub.

13. The apparatus of claim 12 wherein said memory controller hub includes a memory
controller, said memory controller is adapted to transmit data packets to said memory device
with an amount of latency, said latency amount being increased when a temperature of said

memory device exceeds a first threshold.

14. The apparatus of claim 13 wherein said latency amount 1s decreased when a

temperature of said memory device falls below a second threshold.

15. A method of controlling temperature in a component comprising:
controlling a data transmission rate between a control device and said component

based on a temperature of said component.



