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APPARATUS FOR TI NE MULTI PLEXI NG . SENSCR Field O The Invention C///
The pressaodmant i on pertain \M \&Wd of conputer speTESEL/SOME €
particularly, this invention 0 the field of thermal sensors.
Background of the Inyention Ther meal9'¥inagement is an inportant issue in
today' s coOnpuiMETEYBANDAPPARATPEFOR TIMBMULTIPLESINGEw THaRMA LISENSDISCEr n t he
tenperature of a sem conductor device and to be able to perform various

functions when the sem conduct @Wield®fTIR Th phat ure reaches various trip
poi nt tenperatures. 10 One systemfor neasuring sem conductor device

tenmperature i nYRd M@SenBinSEHbHREIRAS e NG JahpuiePsydtetik C MRS ReGusRly, Wher e
.the software agent manl pul ates the input of a d| gital -to-anal og converter

(DAC) | ocgtieflyi ﬂ?loﬁ &g 1055 HEMIaf Snso }Qe DAC output is delivered to a
conpar at or to rrpar wth an output froma thermal diode, also |ocated

ol n thessem conductor devi ce. liac& ne.eus gt[né)fnt&’he t hermal di ode exceeds the
DAC 1 ~ output, the corrparat07---\'t!"-r'p$-’gr‘l"?'-r'o'u‘:t-pu%L is driven to a logically
hi gh vol t age I i ndi catln t.hat the tenmperature represented by the

Val e appi Led MSPHLPRRSTRGS PP E?fr“et‘ﬁg Segp EREPUSERERT s been
exceeded. The software routjne g{eneral I%/ fgl ns_ by delivering a val ue

r epr esent PRYCHaL itdf siaple Eritcpmle Emperatufeo fpaemicphducias deYicranddmbe nues wi th
the software agent periodically delivering new val ues representing

decr easi ngble émprefoaminedeustfncions Weeni thpiemiesindudier dBNCS tempetaturhiesadspar at or
trips. The approach descri bed above has the di sadvantage of requiring
sof t war e waddusddip poiot temperatuest i on. This utilizes m croprocessor resources
and al so requires a greater WO U2/ 05599 PCT/ USULl/ SOS75 anount of tine to
perfonm a t enpohakystctn fieaRaERE ¥mitdhdictodevite GinfjRfatre livbRed £eifiwagd Wi th a
hardware i npl enmentation. OQther prior systens utilize hardware

i mpl enent abdnAmning XA icRPrdcEdsér WiRkdihe kETRRE AdeHF Bnipiltats B HpH &a @ DAC has
applied to its input a value representing a trip point. If the output of

the DAC DAGATES. 583 i flol PO il 191 st L) accOthe BAPORRAS AL T L1 P

and indica circuit orm a ovver rrana enent ‘task such as
cl ock thr A second. tri | ddlng an
Sddi 1§ onafesHidp CePRER rtgfhﬁgﬁwﬁ?lﬁ%tﬁﬂ% ol Py F s %}&%&bvoa P ned
val ue. The out put of thethermal de is ent to | ts of
conpar at o acateghibthe rpicprsiuRer deyyeen i putpy Qlﬁrﬂé%ﬁltcp s xoceds fg}gm?pm c
tenperature condition and the other trip point may be set to represent a
hi gh tlénper@ttithe compprates frips (itsovdput itdiiven tophlogicalhy %glbmltﬁse levibhpar at or and
the high tenperature trip point conparator may communicate trip point
condi t i ondndicatipgthabihs tesipecatre tepresensest Byghervaleeapiptied Mmg@ﬁﬁﬁtheﬂmgb}’ ons such
as clock throttling and interrupt generation. This arrangenent has the
di sadvant dgssofifvaleagemdasbaer exmadedt Toé bafivtardeutimegenthlly beginstby idplivering

a value representing a starting temperature to the DAC. The routine continues with the

software agent periodically delivering new values representing decreasing temperatures to

20  the input of the DAC until the comparator trips.

The approach described above has the disadvantage of requiring software control

and intervention. This utilizes microprocessor resources and also requires a greater
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15 points. Still other prior systens inplenent both the software managed

t enper at ure neasurenent routine described above as well as the hardware
trip poi moazeangenent descri bed above. However, in theseppriusny/sypst ens,
whenever the DAC is under software control for the purposes of neasuring
tenperature, the trip point detection circuitry is 20 di sabl ed. Because the
sof t war e mmoaged tinITp perddri EefMpeatureanidiidiiremeontithdaeyvdutd bthéfvieaseyiireg, there
is a protracted period of time during the software nanaged tenperature

measur i ng witu hai@v i BfiReth&i@dtRnl S NO trip point nonitoring. 2 WO
02/11a-4599 Brief Description of the Draw ngs PCT/USOLh0O575 The invention

i 11 be und . - o e e g
ffm te rﬁeugciéﬁpbi‘%?fﬂgr stbis h%‘é%f@i%?ﬁ??%ﬁi%ﬁ%ﬁ? E‘%&tﬁ‘?&‘ﬁ??ﬁkﬁg gﬁ, ow an
V | . . V | 1 T1
120 PSS BRC bt AHRTS 0 ieebafB BT, ool .

enbodi nent's ‘descri are Tor

-Fi 1is. a plock_ di mbodi nent _of a thermopeter f
peri oaP cal D nR ARG O DR PR g oe dIRIPAP Y A A e conduct or

device. Figure 2 is a f|ow diagram of one enbodi nent of a nethod for

peri odi cal’PYPHBQEHHF A Qﬁ&a%mﬂw RGCHIBRISEEPIR & POWer iraragemeahtagionglict or
device. 10 Fi qure 3 is a block diagram of one enbodi nent of a conputer
syst em i n@f Harkngraitliogs Asgeand gii peisimayebetiaplentgnigd by addieman asditional
periodically measuring tenperature within a sem conductor device. Figure 4
i s a bl ockowpargionandoiffsettiog &whotputreliihe DACary afined valuels Thosutprit otheul t i pl exi ng
of a thermal sensor. 15 Detailed Description Described bel ow are

enmbodi mentiserialcdiodd in genﬁtotihprtmﬂﬂfoniﬁa&‘torﬂeﬁ)ﬁ@ﬂh @aink haliBe St kL@ plekit
tenperature in a sem conductor device without the requirenent of software

i Nt er yent ia@BtastpRR ElRSFAtLREnAEIPMAREBEIIGS P(Sl'ﬁt%a':y BeRL toRERVeRtE Hiﬁ .
d I for performng

time-nul tiplexing of a DAC, conparator, an her mdl sensor

several 1 hd o RyifiEsiRC fine Radidd ki th PR BhphiGrol BREHE ll@g tJner%?att&r ns.

trip point comparator may communicate trip point conditions to various circuits to perform
thermal management functions such as clock throttling and interrupt generation. This
arrangement has the disadvantage of having a permanent offset between the two trip

15  points.

Still other prior systems implement both the sofiware managed temperature
measurement routine described above as well as the hardware trip point arrangement
described above. However, in these prior systems, whenever the DAC is under sofiware
control for the purposes of measuring temperature, the trip point detection circuitry is

20 disabled. Because the software managed temperature measurement routine is time
consuming, there is a protracted period of time during the software managed temperature

measuring routing where there is no trip point monitoring.



Figure 1 is a bl ock diagram of one enbodi nent of a thernoneter 100 for
periodically neasuring and reporting tenperature within a sem conductor

devi ce. Weobasgvoneter 100 i ncludes a thermal diode | | @CThabi/siali vers an
output to a positive input of WO 02/ 0s-a99 PCT/ USOL/ s057S a conpar at or
120. The thernoneter 100 al so includes a digital-to-anal og converter (DAC
130 t hat pBref Rieseriptiomol theDrawings negati ve i nput of the conparator 120.
Further included in the thernoneter 100 is a counter 160. The counter |60
begi ns count i nghé¢ mvérdiicd vil dephderesdiaterailly fiim the@etidddesaription aiven | NCrement s
periodically. The 5 counter provides the counter value to the Bank A input

of the DAGelbdlind Fdeh tR&Gacchiipad@ily@hwmgt Sentholintdats FFMENhRMtiMalHEh Pr Ovi ded by
+the counter 160 into an analog value that is delivered to the negative

i nput  of tBRerPrMBNIANLSS beltalhn td NRiGRLRAL&HtioN & Mss;{e‘éﬂic%ﬁa%%i&eﬁtstdg%%&?t ure.
60 beg t e

For this enbodi nent, the counter 1 ins to count at zero re’zero

“represgnt %u{e{}gfog%gﬂa%gihﬂtragm efs‘aﬂ[h gtoﬁ’l Jbe measured by 10 the thernoneter

100. An increase | r-valuer pré'sents a decrease in tenperature.

Al'so for this exanple enbodinent, . as the valu lied to the Bapk A input
of the DAG 130" 1B o blosk g, phe cbpSdiEntste Hiponeer Babbbaeimer

enbodi nents are possi bl e where the counter begins at val ues other than zero
or where tHaSEHgARErePARIRE &FranetadutE MdihAPeBicondGt f6HES. 15 The conppar at or
conpares the values delivered fromthe thernmal diode 110 and the DAC 130.

| f the output BfgureieispAlowdagran of premehodingahof dvaetbed fpoperisdicalhe t her nal

di ode 110, then the output of the conparator 120 will show a logically | ow
vol t age | eveaburing@dnd eeppriigg tidvapteratire withimpeseaticonduat@pleesent ed by t he counter
value is less than the tenperature sensed by the thernmal diode 110. If the
out putl0of the BiGrel33 aibdockedgranhafone bmbadimentt diuicomputthesteandilinga ode 110,
then the output of the conparator 120 will show a | ogically high voltage
llevel i ndisgadm Rigid deelce hi@ng £HRAAGhYUETor RROERAN R sB gt iyal ue is
greater thgﬁét% t enper at u%e sensed by ?ﬁe tﬁe&tr mlsﬂg}ggglgpé{%@t\ﬁfhlﬁ/%
02/11s. 15%%5%;1%9&%@@75 The out put of the conparator 120 is delivered to
a conparator trip detection circuit 140. If the conparator trip detection

circuit 140 detects, a _logically high volt.age l.evel delivered by the

conpar at or 12O?Igﬁﬁe‘lnlstat!i’g&&gﬁﬁ%a:{'b?%&ete 8%3'5'8?%0(??? SIFPaEﬁ%fscfﬁ’i ¥M4 40" ndi cates to
a register 15Q to Sfi oLe t he value of the counter 160 which was nost
recent |y SrHURIGRgOkadhetnal IS0 A i nput of the DAC 130. 1n this manner, a
sof tware agent running on a mcroprocessor nmay read the counter data from
the rdgister 150 and determi ne t heletailed Description

Described below are embodiments including a thermometer that periodically
measures the temperature in a semiconductor device without the requirement of software
intervention. Also described below are embodiments that provide for time-multiplexing of
a DAC, comparator, and thermal sensor for performing several trip point detection and

20  temperature measuring functions.

Figure 1 is a block diagram of one embodiment of a thermometer 100 for

periodically measuring and reporting temperature within a semiconductor device. The

thermometer 100 includes a thermal diode 110 that delivers an output to a positive input of



tenperature indicated by the thernmoneter 100. Once the count data is stored
in the register 150, the counter 160 is reset to zero and the process
descri bedv@abnwasiss repeated. 10 The thernoneter 100 has t ReTiusbefmdes

advant age of perform ng automatic tenperature determ nati on w thout
software control or intervention. Software becones involved only when

readi ng tah@mpatatk §20. dBlehériometeh £00 dgi intledes hiligitalia-4meleglsonveeiet her nomet er
100 is described using a thermal diode 110 as a thermal sensor, other

enbodi ”Eftb%cgﬁ@o RS S Bid8s atsdufiht @f d¥izatdieriplit b the cappdster 130. pr ovi di ng a
voltage 15 that varies with tenperature. Figure 2 is a flow di agram of one

enbodi ment  of i PelckRsthaa! 108 iBasutet 16D, aNk cogner 160 begihenper at ur e
.wWithin a sem ggﬁgﬁéﬁlﬁdeg%tlhcg{.e At bl ock‘240, a counter is reset. The

counter val %ﬁgitiﬁ gﬁse elgiaﬁﬁarleeedm toain?enpé%@vrh%eazterobe{ngQ%rég&tsapeﬁggﬁélﬁj. ki on is

made as tG" erfral” sensor output level 1s greater than the output

of the DAC. 20 If,  the thernmal, senso ut put .. | I o t han the
Ut pUTS of CUEF PSREAS e FOUHST BFIBER 155 Brtarh B HEIFDACT 00 rnDAEE G0 TIER

02/0S-t599 PCT/USQ /5p575 If at blo 20 it is.determ ned that .the thernma
sensor ouopyerts|thedipital sowieryplue p’f‘%’{%ﬂ‘?ﬁ F’H ﬁ‘elﬁﬂk‘i}tert 1%8 g An B‘?agc%ﬁ(v%gﬁatt N

He counter
value is stored in a register. The register is readable by a software
agent . Foddligeved tp the negatipgipputtofthecomperaior 120.r eset at bl ock 240 and t he
process described above repeats. Figure 3 is a bl ock diagram of one

enbodi ment of ‘Ehexoumtett\@tuesyaésents i nahpediturg. Borgis emiypdivghicthgsoinge 1890 havi ng
a thernoneter 400 for periodically neasuring tenperature within a

seni condugdefis «6l8MinE & zer \WhdrhRk TRPRE@Is O Breates cenpeedturd esbecmeasuwied by  f or
nonitoring several tenperature trip points and comruni cati ng vari ous

tenpejatu L {000 ihQeRB il SHuBfel Witie @BRMINEALD debresdelin tinipedfide.and a
cl ock'i(?hr%‘ftétt ﬁgﬁgﬂgﬁg}r%:dl???&ggg%ﬂl]e theerm)rreet glr 400 is discussed nore fully

bel ow |1 SEANEShE Lyt FLNES, AT RsipheraiidenpaniaRDlor her
(a2 |2 kPt U BT PSR P s of o 2
where the counter begins at values other than zero or where the counter decrements instead
of increments.
15 The comparator compares the values delivered from the thermal diode 110 and the
DAC 130. If the output of the DAC 130 is greater than the output of the thermal diode
110, then the output of the comparator 120 will show a logically low voltage level
indicating that the temperature represented by the counter value is less than the
temperature sensed by the thermal diode 110. If the output of the DAC 130 is less than the
20  output of the thermal diode 110, then the output of the comparator 120 will show a

logically high voltage level indicating that the temperature represented by the counter

value is greater than the temperature sensed by the thermal diode 110.



15 controller 324 and the graphics controller 328 are additionally coupled
to the clock throttling circuit 326. The system |l ogic device 320 is al so
coupl ed ™o @2/63#8%em i nput/ out put hub 350. Figure 4 is a bPOTRSHI/HAFFAM Of
one enbodi nent of the thernoneter 400. The thernoneter 400 includes
circuitry for tune nultiplexing of a thermal sensor (thermal 20 di ode 410

in this exanpl ejhe Jnhﬁu,tcﬂra{emeﬂs@anﬁ{m 1810is iAGlekbd @6 2 BoifiSstENEIP Uettdifontchetit
controls the time-mnultiplexing aspects of the remaining circuitry. The

t her nonet er; 4408 4 ' ﬁy@é : | e

functi ons. l'ﬁ'r fe%éﬁé;c]ph{bh%ugﬁ ct It%#?ﬁ?iﬁ%?t%ghﬁtgﬁiﬁe&gtﬁayiﬁgé y%l o?‘ﬁltgl nonitoring
functions i.le the fourth f t| i . . -

Py Usun 1 saieed 1YShd Sofbafhuon 136 ik ?%"Eé@%%@?’%?%ﬁ“%ﬁ%ﬁf‘@@P@ﬁ%‘%&"
control. For' .this exanple enbodinment, t equences 416 causes e

Chor ot o AT BOFF PO BerHg Shir oubts [ DoMRT R e FSPHD HERTESA ng
«function then_a high tenperature trip point ngnitoring function, then a | ow
t enper aPur ¢ha Bank A swoHt of i AL 13 Ag iy this cianae!; 2 SHiYarASERYTURIHRE Oh2r nomet er
function. Wien the sequences 416 is in the catastrophic trip point state,

t he sequendeisropgesserdhaateadsthe gouatardpte figmekregisiorio apggictegmingitiect an i nput
froma calibration register 402. The calibration register 402 is provided
to al | ow f dempragreandiediddbyaberihemsmtatai0d.hat nmay be required due to
variations in the manufacturing process. The output of the MJX 428 is
delivered to a lpnokthB coiftditadd staredivake gidtet hi0p thglvoantel 190 tisdesdrysders esi s uni t
414. The digital 10 hysteresis unit 414 is discussed nore fully bel ow. Wen

in the catagfiRb®sd des@iR@hbdve 3 @p&itedt he sequences 416 al so indicates to a
MJUX 432 to select an input froma catastrophic register 406. The

cat ast r,gphi c regt £ ggrygﬁq | . : i epresents a
cat ast r@phi cal | 5[' hg}%hméig%gxgﬁgtlﬁf%he 1@%@ va u%t %J(;flpgg&?ﬂr% ﬁg&gg{cast rophi c
register 406 is deljvered.to the bank A i t. t D X he DAC
430 convenggmi’%%t“r&id@fef‘w“a%ﬂ ‘ﬁ‘i‘é"“b?‘%@"éh"‘f&é’agﬁté rtlrf(%éerv%gﬁ&' gfé‘%éeégc(r%we i nput s
into a cor r,esqondi ng anal Oq? vgl t age tha%. I S dri.venvg)n the Qut 431 output.
The out put iBYolYqd@nfyarhenIgading theequirtsy deja framiheyselsiel I i nput of a conparat or
420. A thermal diode 410 delivers a voltage c_orrespongi ng.to a sensed
tenperature to altheugh thethermpmmgterd00 isdeserBsh using &heuna diode 1{¢as aotf]?"ﬁl?f of the
thermal diode 410 is greater than.the_outﬁ)ut_ of the 20 DAC 430 (the output
of the DAC s¢3Orather hinbodimints aieppssiersing ahe sirewry enpable of pepidingragiodageal ue)
then the conparator 420 trips (drives a logically high voltage on its

out put )15 ThhatseresendesngdGiurerhi | e still in the catastrophic trip point
state, selects a latching device 418 to |l atch the output of the conparator
420. The | at chedigiad D d BowrdidgaR\dioh@dhigodinent of a method for periodically

measuring and reporting temperature within a semiconductor device. At block 240, a

counter is reset. The counter value is delivered to a DAC and at block 220 a determination

is made as to whether a thermal sensor output level is greater than the output of the DAC.
20 Ifthe thermal sensor output level is not greater than the output of the DAC, then at block

210 the counter is incremented.



WO 02/ O~-.t1S99 PCT/ LI SO1/ a0S75 to other circuitry, such as the interrupt
generation circuit 322 of Figure 3, via the catastrophic trip point signal
401. TheWweouersws 416 further indicates to a MJX 434 to BETASHI/ANTFTS nput
fromthe catastrophic trip point signal 401 to be delivered to the digital
hysteresis unit 414. The sequences 416 next noves to the high tenperature
trip point statfblodkheno iths ddmemiviedthat tepermalsersor pytputdenchis gsdater tant he
sequences 416 indicates to the multiplexor (MJX) 428 to again sel ect an

I nput fm&{ébb&% ah LoB18dd D30 thegivateevalddia stofddan s eapisterc be kegBteaisso i ndi cat es
to the 432°to select an input froma high tenperature register 408. The

hi gh t enpg Le G Sltheff08 May be programmred with a val ue that
. representlggag‘Bl%&?tagﬁggr at l%?e that, while riot catastrophically high, is high

enough that cqrrect] ' BlePRRSseF4 Pedek BO id the P@Leds deeribassary. The
val ue stored icl:rr?lilﬁélg\r{lﬁogc}g%?gﬁgeeédgt ucre rggi ster 408 is delivered to the bank
A input of the DAC 430. The DAC 430 again converts the digital val ues
preserr:t ed@t9¥C IREHank A and bank B inputs into a correspondi ng anal og

voltage that is driven onto the Qut 431 outpuf, | N t he

t her mal di ode Big@edds a Blogk glggr@,n ﬂ’é%e"%ﬁ?%"gﬂﬁﬁi? CO&‘&‘%%EY%%H%%&%&M out put
of the DAC 430 at this point re‘?resents %nfgi’ h. tenperature value). then the
conpar at osysttOlogicidpecy 320 haxing 4 thesgpmster §00-foppericdicphymeasHing SMBTENR ). The
sequences 416, while still in the high tenperature tri,p,Poi nt state,

sel ect's awhthinchicmipoddwitaralevig® The thexmemeten&0Qalsqingludss TRt Spar at or  420.
The | atched value is made 20 available to other circuitry, such as the

cl ock t hr giohltbig sevdralubmp@@reafip poigtamed Gymmuricating vriQys lHBRHAHEt ure trip
poi nt signal 403. The sequences 416 further indicates to the MJX 434 to
sel ectjgan i ftns td MtcRapicaftati@rpenias2e adta dackplaontingdipndP260Bhet o be
delivered to the digital hysteresis unit 414. WO 1)2/(1;.1599

PCT/ LI SI| L S08LDT0 i BURIGSSoré Ky betthy iUARchh WilleFigony & emper at ure U1 p
point stat€. Wién In the | ow tenperature trip point state, the sequences

416 i ndicates t he mul tipl. AR dnasli@ah4 Ml isnput from
the calibrati oﬁg? @'dfeg}lgglcfgﬁsg%)ef(l%%ﬁ%ﬁ?gga4f6 ?I so indicates to the MIX

432 to select an input from ow te rat yr e i1Sd: | ow
t enper at urceuedioRSYFCIR LMY ‘}Bde %ﬁ%&?@ﬁ?@& lﬁéﬁ iyﬁtg'g k\%ﬁ g%vq%ﬁ}e%to T{%pr esents a

safe operating tenperature. The value stared in the laow ure
regi ster Ztaphics comsrollped2Shatds ?%‘Bleg%ig‘ﬂpl?‘ffﬁﬁ‘fal Eﬁe"’tof?'eiL%A(’Etl ﬁgﬁﬁ{o he DAC 430
agai n convert the digital values presented at tage bankd A an(l‘l gank B inputs
i nto alscoraoaslizndhandthagiephicaoiontgiier 8 Rthare pdditionallk foupladdo theef1oske nut 431, 11
the output of the thermal diode 410 is greater than the output of the DAC
10 430 ('t h@roalibgeitcuti326hEhOneendogiaderiea 20pbalsa cquplse d_HSEM, | ow
tenperature value), then the conparator 420 trips (drives a logically high
vol t age oqnbﬁtﬁ,ugwgmjso, The sequences 416, while still in the | ow
tenperature trip point state, selects a latching device 424 to |atch the
output of the %@@ﬁ%%lo@@&a Ther bid eitedinvek othe thermahecten/@0] A e t o ot her
circuitry, such as the clock %lhrottl ing circuit 326 of Figure 3, via the
| ow 15 tenperat ur ' ' ' imé RaltipReE 4 HRnasisedsbb(thamaher
i ndi cates lSm%Qﬁrgetm%fgﬂﬁ tg %&Pcuﬁh&‘ﬂﬁﬁméf P ®

70  diode 410 in this example). The thermometer 400 includes a sequencer 416 that controls

the time-multiplexing aspects of the remaining circuitry. The thermometer 400 in this
example embodiment performs four separate functions. Three of the functions include

temperature trip point monitoring functions while the fourth function is that of an



select an input fromthe |ow tenperature trip point signal 405 to be
delivered to the digital hysteresis unit 414. Finally, the sequences 416
noves t oWMe2eH&s#nonet er state. The thernoneter function 8PEARPEHSIHN nuch
t he sane fashion as the thernonmeter 100 di scussed above in 20 connection
with Figure 1. A thernonmeter start register 404 is programmed with a val ue
that repr,agantis iRmh&IRe hitwherars withius hoftwese eangiohoFRE IS SX4TW& i on wi | | begi n
to check agai nst the output of the thernmal diode 410. A thernoneter counter
400, o ténﬁalfgﬂne?\?,tth@sreqﬂe%& 19k the EibahaRTO) td fst BHIT § CERIOPNE] et he

guences enters the thernoneter 9 WO 02/f15-4s'19 PCT/ USO&/ 5(1S7s
state. The val Le s ' t HMRABERfurstkippbint eghisdreng f@tion,shadel i ver ed
to the batHRp%‘”F‘ﬁ‘Bﬁ‘%"qg*gq%“ °§°%E%”4%géth?&gugh Cho MUX 428 while the

t hernonet ey counter 460 v 4 S i @A faskiy fhe tHeanknder foputibn.of t he DAC
430 thr ou.r'g'l‘?wttﬁ@p‘i\r/?}kreigﬁPoﬁhégﬂk%ng%dcg%verts }ihe conbi ned val ues appl i ed

‘to the bank A and bank B 5 inhputs,in . tel 8 8edubider 4 del i ver ed
to thed negati vwh?fhﬁhﬁtseqb‘fmcteﬁ%l%@&ﬂbtg? ggt%r@é}ggﬂﬁjl r{‘?S(i]}tt\ké;fea “but pfj of rt he ther mal

di ode 410 exceeds the output of the DAC 430 ialgp. trips. The
sequencerindtbatesmmlégltlﬁlel"%&w)g)g‘néé?/?%‘?é’%‘ﬁ%‘pwoéqq‘gg gﬂﬁﬁggﬂou put of the

conparator 420. The output of the |atching device 426 is I to a
conpar at oTheledlibetivn registar 402 is propideditp allapp B‘f?&é‘}“};{{""cﬁe ?Oﬁpﬁn%gt’deeé?{ lg% circuit
440 detects that the 10 conparator 420 has tri p%ed, thec{t] arl\mggggrrset er
count registnirdbdhess Garbsiondie theapanulashnias oLCRH B oytps of Hig ° count er
460. The thernoneter counter 460 is then reset to zero. If the Qo,mi)arator

trip deteqhiyaidh b B AR SRESACE0 deouwbta degitbhystaresisanitilfpIhe HEH t he next
time the sequences 416 enters the thernoneter state the thernoneter counter

460 iﬁ%?@&&&%ﬁ&ﬁniu ValstHas@nfok Rlyakpve process is repeated. Once a

t her count val ue has been stored in the thernoneter count register

450, that valueg,is. AR 1BY pSnSRid, e BqR@edt4 16 blas indiatesidtaer m ne the
“ﬁ%é t ) q ; .
tenperature frme’flﬂlé ﬁglr%ﬁg)oﬁet er léoﬁnt val ue. For this exanple enbodi nent,

an increase in val i ed. t ) ; t B @ brihid regiger BUCH |
o Lort sosioliel e P B L B MR Db e akaic eimer taduct | op

, the thernoneter start 20 register

404 val ue represents the maxi t enperat u 2 RicA8 th,d'rh@ t he
current emwm@f@ﬁ%w%ﬁp.a"P@}FJrtﬂaﬁf%m&ngsrr%{agas{er%%%ﬁﬁeﬁ?,elt he sequences 416

changes state every 40nS. Thus, the catastrophig, high. enper at ur e
trip poi ntwherseorehmdheehtasirephjc Ifs@'ﬁ5406als geshveremo frie bAMOR m]ﬂl?gf thOWAl

15  430. The DAC 430 converts the digital values presented at the bank A and bank B inputs
into a corresponding analog voltage that is driven on the Out 431 output. The output of
the DAC 430 is delivered to a negative input of a comparator 420. A thermal digde 410

delivers a voltage corresponding to a sensed temperature to a positive input of the

comparator 420, If the output of the thermal diode 410 is greater than the output of the
20 DAC 430 (the output of the DAC 430 at this point represents a catastrophic temperature

value), then the comparator 420 trips (drives a logically high voltage on its output).

The sequencer 416, while still in the catastrophic trip point state, selects a latching

device 418 to latch the output of the comparator 420. The latched value is made available



10 WO U2/ U~-1S99 PCT/ USULl/ SUS7S Ther nonet er count val ues are provided to
the thernoneter count register 450 about every | 6uS for the | owest

t enper at we@g2/eHshonore often for higher tenperatures. The @Cgiusal/sd3yst eresi s
unit 414 is provided to take care of the case where the output of the
thermal diode is hovering very close to one of the trip points. For

exanpl e, taotheneitcuBiryt $ueh d§ thie intérrupy generagien gircuit32? 6T Bigusidpyia theor ¢ he
conparator 420 to trip during one catastrophic trip point state but 160nS

| at er durdapagirdphe tippbincefas t0lopfiecequenger pbn furthertindientesrie a d{HAB4 B t he
thermal di ode 410 may have dipped just below the trip point and the

conpar at ofjel dnlinf\R ol th@catdstropit fripPoint @ighald01 hebovdelivaredio thdwdigitalt ast r ophi c
-trip point signal 401 would toggle in an undesirable fashion. 10 The

di gi tal [esi it 414 solves this by adding a small anount to the

val ue de%‘tg%gg%h?f‘l?ﬁe MJX 428 during the catastrophic trip point state,
‘the high tenpegat g i t hi 1cQMb berpedtat When tr i p poi nt's
state 1f the Flrgtsg{ug%‘%{?%o%%kg%g?%etg%ﬁ’gg[gﬁ?ﬁedﬁg e conparator tripped.
The digital hysteresis. unit 414 [ e MdXord34 t hat

recei ves 'Zi? hl%éeq’%%\"g U RO a:ftegtttﬂr?3 gﬁ%lgé&tl %?&;;mg{c?%ﬁ%%s}%ﬁgllt] 4011,4 the high 15
tenperature trip point signal 403, and the.low.te r I i nt 405.
The | ast (MBH 4& tofagain m&se%&%w%gwg& ?@blﬁthngaglétgﬁn%?' iadégvg(gq(‘)lﬁcggdéﬁfevel . The
sequences 416 causes the MJX 434 to sel egt an,&o roprjate.i n.p% to be

del i ver edalsmindiatesiioghe MUMN§3 teselet4n ipput from 2 hf @B‘gﬂ“‘?tr%ﬁ%?' fing the

t hermoneter state, no digital hysteresis is applied. If during the other
states, hUheMeh fenipertup rgtspEr 108 mapbe pogeBs)sd Nﬂﬁ%rﬁ‘d’ ajug ithat fﬁerﬁ?“tg‘? gnal 401,
403, or 405 indicates a previous conparator trip, then digital hysteresis
i apphi eghmpBatiird Hak a&ile gotuptastrapiizally Hgnunbigh brough thabeatispiNe@@lieny t he bank B
i nput, the voltage output fromthe DAC 430 is decreased by a correspondi ng

amount . 114 W000d! @Rndindds RéetéskiFOThE 08bstdiee irethe high tdnyerabure pgistagf t he
t hermal di ooPe 410 woul d need to drop by nore than that anount before a

change of ﬁ%{sﬁﬁf&‘}’%@tg%ﬁeﬁ}aklﬁ Avyg,?ﬂggf bg DAt s il DAD A3 aginsdoavats4ld, 406,

408, and rogr anma or may contain fixed values. Qher

embodi ment fﬂﬁtgﬁ\%/ag;ﬁsnggg%&%aé ?{e béﬁl?ﬁtan{i BGRB8 LRP BlGrrdsfeidRip@haté@6 W th a

| ocki ng md gai nst software virus. A conputer system

such as that shown |jn Fi qure k i . rophi c
trip poi ntvokagghaat isgsen pig th (S‘H 432%5&3? %trﬁgg‘ktgﬂp&%%itﬁ%mtélllng(r)](glaﬂgg%, and the

ow 15 greater than the output of the DAC 430 (the output of the DAC 430 at this point represents

a high temperature value), then the comparator 420 trips (drives a logically high voltage on
its output).
The sequencer 416, while still in the high temperature trip point state, selects a
latching device 422 to latch the output of the comparator 420. The latched value is made
20  available to other circuitry, such as the clock throttling circuit 326 of Figure 3, via the high
temperature trip point signal 403. The sequencer 416 further indicates to the MUX 434 to

select an input from the high temperature trip point signal 403 to be delivered to the digital

hysteresis unit 414.



tenperature trip point signal 405. For exanple, an indicati

catastrophic trip point has been reached marrs result in an ig?e£ Pﬁtpttggi ng
sent to aveueepocessor which 10 would then run an inter POpUShESSI®r
routine to shut down the conputer system As another exanple, an indication
that the high tenperature trip point has been reached may result in clock
throttling i nTansehémei 4 i6meriedoes td fhe laemperatienipppainstaie. Hhea i B8 devi ce
cools sufficiently that the device tenperature falls below the |ow

tenperat y5g tdnigePanit® il poiaLaE thes¥giicrcer apeindichtontodhamnléiplewer. (MW Rk r

enbodi nents are possible using these and other 1 ~ techniques for thernmal

management, i 0, CONIL-LL, fYi ieiPthe bAlibkdlRdn kg anngT idncerattl 6 @also t
-invention ﬁasaggieen gesnclr?bed Wi teh lrefe?eéhg?:e to gplzegeie]g?c exerrf)ll ?arce

enbodi nent s. t her eof il . i i i i
and_ changhaeTEyIo BB MU s o R b roader Spirit
rand scope of the inventi,on as, 5 rL 8 Qi P h . o P
|Slpleﬁ isISir g ﬁ@gﬂ:gﬁﬁ;?ﬁ:ﬁf\ﬂl%gse péir%? ]glgcp}t%?r‘%ll gflﬂ%ﬁgéﬁgeﬁgﬁdﬁrﬁng@:n

in i
speci fi caempgrapEs. g Vé‘r\’ﬁé@fer‘?g’ﬁ%h,%ig“(’ éq%‘tﬁgevﬁggaei%?rsgeﬁ# Bf{sﬁé%g&ieﬂﬁg%%}@ént s,"
"ot her enbodi ments" neans that a partjcular fe : o

char act er Adnput ofthe PAGEY.: iThe S ndd 3881 C\RPYGHJ‘SFlﬁgéiéﬁgﬁﬁ%ﬁsé&%@atitﬁ%I uded in

at least some 12 WO 02/11i.~599 PCT/USO hl | S7S enhodi ment s, . but not
necessar i bankalldnddmbloBiinits isto afornesponing errlosovPliagidatjs i e ile ar ances of
an enbodi nent," "one enbodi nent," or "sone enbodi nents" are not

necessari btp@u31.r Btk dritpg of the thvemalatieledi® isirentar tlian thezoutpupof the LK 451 )t
CLAIMS What is clainmed is: 1. An apparatus, conprising: 5 a '

digitah-t @3@@@ St BB IDIART 43004 khislpaite rapibsentsta 1ow
_ perebuie ¥pluguthpiythe
PCT/ USOL/ SO~7a a conparator including a first input, and seconglmi nput, and

put: " P e e oamar ator nputs "
The sequencer 416, while still in the low temperature trip point state, selects a
latching device 424 to latch the output of the comparator 420. The latched value is made
available to other circuitry, such as the clock throttling circuit 326 of Figure 3, via the low
15 fcmperature trip point signal 405. The sequencer 416 further indicates to the MUX 434 to
select an input from the low temperature trip point signal 405 to be delivered to the digital
hysteresis unit 414.
Finally, the sequencer 416 moves to the thermometer state. The thermometer
function operates in much the same fashion as the thermometer 100 discussed above in
70  connection with Figure 1. A thermometer start register 404 is programmed with a value
that represents a temperature at which the thermometer function will begin to check

against the output of the thermal diode 410. A thermometer counter 460, initially set at

zero for this embodiment, increments every time the sequencer 416 enters the thermometer



a plurality of latching devices cou
pled to the conparator output; and 10
???g?nper tqD;ekect one of a plurality of input values to be gppiied to tﬁe
selectlgﬁgbgff?%ge Flglfa{-to%aralog converter, the sequeRCe&mSsai/aE71 0
plurality o atching devices to latch the out uf
_ of
conparator. 2. The apparatus of claim1l, the sequencer to selectpthe onéhgf

the pluralid YriefvaludRistedhR theahdt@dmicten sttt begistr dbhlsidel)
| \ ideljvendd to e panky B
rotating basis, each of the plurality of input val ges appl i ed tl)u;aﬁeon :

di gital - t.o-an : . .
i LD AC Y EHhidRbh HRMBXPRE deiile ke thatometer calintgk 460 yadue i3
appar at us %‘? cllaim?2, wherein the plurality of input values i nél ude-srhg

cat ast rog&hg‘gé{i{'thgggngt%?ﬁgwn{ﬁél%t@px@dﬁb hréughakeSIUXD4BR. C trip point register.

.20 4. Th atus o wherein the pl i i
20 & . DT ; _ plurality of input values
L S a Ig;%:lﬁ{@%i@é&&%tﬁ%g ﬁlh&ha L WS 18 B t86lbadk Aakd ighk Benper at ur e
A 2I giolmnz1 r\(/amerei n'thg " I't? ;-_~~ 9 [/ USOL/ SOS75 5. The appar at us
4, w ral i.ty .of i val: [
Fenperht uinkuts g amenes oiparn iU N} il Kb A LSS RpAatome,
I‘EPI ster. 5 6. The appar at us of clai naS %A}Eere' ecﬁ?ﬁd'”i Ligiey Of i nput
\égngszt LSHEIWl!ﬁOfﬁéﬁlmﬁ@td&deééﬁﬁ}@F shg l-;’“tPhﬁ‘eﬁ%%r rmr‘nelfeer‘d counter val ue
by a grrmrrpter counter circuit. 7. The a i
It gtec E: lI:ll 5 agden?/;i)a(r:ﬂcf)r thmh' mﬁ rsgqutacsr 446 cauaes A larhge 4evies @Qﬁ‘ggﬁ'gf%u S“Jil:(’)'“{t P f |pa|p2’: gi
e, a high tenperature trip point |atching devi
It enper at Ugg chipRafo@izy. Tirtontyungf tieisiohéng davide 426 i é@lir@rﬁég%?%%lﬁlﬁgﬁ%étﬁ’g i lnf "
atching device. 8. The apparatus of claim?7, the sequences to sel ect each

of the plyralih¥iehit 44l ahihBdodpathieesi jcivgui ' i
! 4 £ paletectici civguit 440etasts tht theh
are appli edF S the di gital -to-analog 15 converter. 9. A syst eren | lerjr:)r:/g‘: lrjlgs

a progessor. and. & ys tifed, Ant dationRics Gsidt RYistcp 4501
logic ﬁewcgngpa[r%c ucﬂsl}rég r%%a’ ¢l ock throttl?‘ﬁlg%gisrcui t, Oﬁiﬂ?ﬁfgﬁhtept he system

generation circui .
output by t'hg the?n%jmeter counter 460. The thermometer counter 460 is then reset to

Zero.

If the comparator trip detection circuit 440 does not detect a comparator trip, then
the next time the sequencer 416 enters the thermometer state the thermometer counter 460
15  increments its value and the above process is repeated. Once a thermometer count value
has been stored in the thermometer count register 450, that value is may be read by a
software agent that can determine the temperature from the thermometer count value.
For this example embodiment, an increase in value applied to the DAC 430 inputs
results in a reduction in voltage level at the DAC output. Thus, the thermometer start
20  register 404 value represents the maximum temperature that can be checked in the current
example embodiment.
For this example embodinlent, the sequencer 416 changes state every 40nS. Thus,

the catastrophic, high, and low temperature trip points are checked every 160nS.

10



atime multiplexing thermal sensor circuit i i i gi
_ _ _ _ t including a -to-
gg;yag&g;ﬂﬁggéﬁggng a first input and an out put, 15g VE;%E}ag~ggganalog
conparator including a first input, and f
an output, the digital-to-anal og converter c od | T oS
_ oupled to the second
input, a thermal sensor coupled to the firs i curel
_ _ t conpar at or i
gfe | | aE C higrslfYdisrRsue Vdbedte provided tcctbqﬁanmrmterdﬂnt?lﬁlﬁ%g,is%ﬁ‘hgg%ﬁaﬁeéﬁl:g; alt Lt Y
ect one of a plurality of input values to be applied to the first input

The system of T%l ﬁ' QvstelSi
: e Hﬂ? 1ys fb%s%ﬁﬁmm@ ovidedsetake tart bitherase pherelilee gyt i
-input val ues frot lhey plurality of input values on a rotating bpggfls'tgag‘;]

of the pluraljt f. i.n | : g
{
For o et PRl Al B AR5 e e e e

‘wherein the plurality af.input i : ; 5 ;
Value Bt ohealei it il 1 R e Al o ot o bf €l ai m

11, wherein the pluraljity of in ' iat dud
R e i E

systemof claiml2, th I | i ; : . X
i st opneamt g ey Pl e RIS, o

| at chi ng device. 16 WO 02/11; 599 PCT/
.16 ,UsQ1/ -057 i
ig, tg_e s edpudndss s1tuamset|he@§1uwfcthe eAtastraghipiripmof t?&gga&%f g@ﬁﬁﬁ%&%@\% gfasc' s
cording to which of the input values are applied to the digital-to-anal
undesirable fashion. o

10 The digital hysteresis unit 414 solves this by adding a small amount to the value
delivered by the MUX 428 during the catastrophic trip point state, the high temperature
trip point state, and the low temperature trip points state if the last time those states where
entered the comparator tripped. The digital hysteresis unit 414 monitors the output of a
MUX 434 that receives at its inputs the catastrophic trip point signal 401, the high

15  temperature trip point signal 403, and the low temperature trip point 405. The last input of
the MUX 434 is tied to a logically low voltage level.

The sequencer 416 causes the MUX 434 to select an appropriate input to be
delivered to the digital hysteresis unit 414 for each state. During the thermometer state, no
digital hysteresis is applied. If during the other states, however, the appropriate

20  corresponding trip point signal 401, 403, or 405 indicates a previous comparator trip, then
ied to the bank

digital hysteresis is applied. By increasing by a small amount the value appl

B input, the voltage output from the DAC 430 is decreased by a corresponding amount.

11



converter. S 15. The systemof claim 14, the clock throttling circuit to
throttle at least one clock signal in response to the catastrophic trip

poi nt | avoddzigs4stwvi ce | atching an output fromthe conparaporT/ushesosrndi cat es
that a catastrophic tenperature has been sensed by the thermal sensor. 10
16. The systemof claim 14, the interrupt generation circuit to signal an

i Nt er r uptrhk@fdrd) eheuane 85 ticrmal e AsEwbwld ke thidgtp tyengethendiaé trip point

| at chi ng device latching an output fromthe conparator that indicates that

a hi gh _t%%ﬁﬁt%wr@aaeaﬁg@@ﬂﬂpsp&ﬂsmiuwoameetelﬁleastechl sensor. 15 17. A nethod,
conprising: applying each of a plurality of values to an input of a

digital -to-ang}, 0 LRMVATL 866,908, @nd PAhA ufiinalsle,dp aialy RQntal
I gl , 208, G0 afalyiegntain frxed put of the
-digital -to- anakog gconver'fer with a terrp}g%al?ﬁgrie val ue Zowydgl i veredpby a

t hermal sepsor,..and . i . i i
ol ur a1y 1p| QR i gt (P A ARG BREE 49 1 2, °15. "

L?ﬁw?%o?f@ﬁ‘b’agiﬂ%‘i 7‘&15‘\!‘“?‘3{”5?%??1} %gglétysioﬁgargq,ﬁ.ns-of the plurality of values to the

onverter I'ncl udes applying a catastrophic

trip point value and further wherein |atching,the r

operﬁi oP iR dneonyruter gestenu el ﬁstt@ﬂta‘?" “a&‘i”nlﬁ“ﬁ ’&%"‘%“&*‘i‘gg’%‘rﬁ\e&q&%@ﬁf gf IIE?LS the
result of the conpare operation in a catastraphic tri [ [

devi ce. l@fastrophicitippoint signa Hel. fertsh eRpERRFe tg‘gﬂ?ﬁ‘tnf §é‘lf‘?g4ﬁ:ag‘i 'ihis ?%Vgh;ngl ock
signal if the result latched in the catastrophic trip point .|l atching device
i ndi cat estempattuee toppaint signdh#e5. (Rorgeamnle en indicationebat the fFAlsHORYC e t her mal
sensor. 10 20. The nmethod of claim17, wherein applying each of the

pl ural i t ypdat haeibsensedched ey result in an interrupt being sent to a microprocessor which

10  would then run an interrupt handler routine to shut down the computer system. As another
example, an indication that the high temperature trip point has been reached may result in
clock throttling in an effort to reduce the device temperature. Once the device cools
sufficiently that the device temperature falls below the low temperature trip point, normal
system operation can resume. Other embodiments are possible using these and other

15 techniques for thermal management in computer systems.

In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit
and scope of the invention as set forth in the appended claims. The specification and

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

Reference in the specification to "an embodiment," "one embodiment," “some
embodiments,” or "other embodiments" means that a particular feature, structure, or

characteristic described in connection with the embodiments is included in at least some

12



i nput of the digital-to-analog converter includes applying a high trip
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a comparator including a first input, and second input, and an output, the digital-to-

analog converter coupled to the second comparator input;
a thermal sensor coupled to the first comparator input;
a plurality of latching devices coupled to the comparator output; and
10 a sequencer to select one of a plurality of input values to be applied to the first
input of the digital-to-analog converter, the sequencer also to select one of the plurality of

latching devices to latch the output of the comparator.

2. The apparatus of claim 1, the sequencer to select the one of the plurality of input
15  values from the plurality of input values on a rotating basis, each of the plurality of input

values applied to the digital-to-analog converter for a predetermined period of time.

3. The apparatus of claim 2, wherein the plurality of input values includes a
catastrophic trip point value stored in a catastrophic trip point register.

20

4. The apparatus of claim 3, wherein the plurality of input values includes a high

temperature trip point value stored in a high temperature trip point register.

14
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10 catastrophlc trip point latching device, a high temperature trip point latching device, a low

temperature trip point latching device, and a thermometer trip point latching device.

8. The apparatus of claim 7, the sequencer to select each of the plurality of

latching devices according to which of the input values are applied to the digital-to-analog

15  converter.

9. A system, comprising:
a processor; and
a system logic device coupled to the processor, the system logic device including
20 a clock throttling circuit,
an interrupt generation circuit, and
a time multiplexing thermal sensor circuit including

a digital-to-analog converter including a first input and an output,

15
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and
a sequencer to select one of a plurality of input values to be applied
to the first input of the digital-to-analog converter, the sequencer
also to select one of the plurality of latching devices to latch the

10 output of the comparator.

10. The system of claim 9, the sequencer to select the one of the plurality of input
values from the plurality of input values on a rotating basis, each of the plurality of input
values applied to the digital-to-analog converter for a predetermined period of time.

15
11. The system of claim 10, wherein the plurality of input values inciudes a

catastrophic trip point value stored in a catastrophic trip point register.

12. The system of claim 11, wherein the plurality of input values includes a high

20  temperature trip point value stored in a high temperature trip point register.

13. The system of claim 12, the plurality of latching devices including a

catastrophic trip point latching device, and a high temperature trip point latching device.

16
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15. The system of claim 14, the clock throttling circuit to throttle at least one clock
signal in response to the catastrophic trip point latching device latching an output from the
comparator that indicates that a catastrophic temperature has been sensed by the thermal

Sensor.

16. The system of claim 14, the interrupt generation circuit to signal an interrupt to
the processor in response to the high temperature trip point latching device latching an
output from the comparator that indicates that a high temperature has been sensed by the

thermal sensor.

17. A method, comprising:

applying each of a plurality of values to an input of a digital-to-analog converter on
a rotating basis;

comparing an output of the digital-to-analog converter with a temperature value
delivered by a thermal sensor; and

latching a result of the compare operation in one of a plurality of latching devices.

17
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19. The met(g(?d of claim 18, ﬁn’thel c%?‘r?pggirng mr!)tlamg a ﬁ&li(ssgg%\a{l\%%%{ '}

result latched in the catastrophic trip point latching device indicates that a catastrophic
temperature has been sensed by the thermal sensor.

10
20. The method of claim 17, wherein applying each of the plurality of values to the
input of the digital-to-analog convetter includes applying a high trip point value and
further wherein latching the result of the compare operation in one of the plurality of
latching devices includes latching the result of the compare operation in a high

15 temperature trip point latching device.

21. The method of claim 20, further comprising generating an interrupt if the result
latched in the high temperature trip point latching device indicates that a high temperature

has been sensed by the thermal sensor.
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