WO 02/ 054599 PCT/ US01/ 50575 METHOD AND APPARATUS FOR TI ME MULTI PLEXI NG OF
THERMAL SENSOR Field OF The Invention The present invention pertains to the
field of wonpe4eyd systens. More particularly, this invenPCDUS@ENSZ NS to
the field of thermal sensors. 5 Background of the Invention Thermal
managenent is an inportant issue in today's conputer systens. In

particul ar, | tMESHOESND APkARATOS HOR TevmMunePexperogtiHERMAL SENs@rri conduct or
device and to be able to performvarious functions when the sem conduct or
devi ce tenperature reaches varFiddOfiTleInpaitioh t enperatures. 10 One system
for neasuring sem conductor device tenperature involves a software agent

runni ng on a nNir&é PREE RS &Mion \WBRifs tb iR Hif dfRmBuRgSemsBNMoppaaiRsriyhe i nput
of a digital-to-anal og converter (DAC) | ocated in a sem conductor device.

The DAC oufipivehtfon faRhihYRMRIGIIP oBhERAIPHNSHOr 10 be conpared with an out put
froma thermal diode, also located in the sem conductor device. |f the

out put sof the thermal diode %%ﬁﬁ%ﬁn& 19th@me:l‘lﬁORUt put, the conparator trips
(its output is driven to a |logrcatty nrgirvoltage | evel) indicating that

t he tenperatur {. j e.l t. of the DAC by

the software agg%gﬁ?}%gﬁ%‘g@%mg%(’%négﬁgﬁﬁﬁSﬁs‘%%eaigg#d[ag;grc @P%%tsy Sﬁgrggelﬁer ally begins

by deliverin a.value representing a starting tenperature tq the DAC. The
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di sadvant age of requiring software control and intervention. This utilizes
: .req

M Cr opr oc &88ds trip oot iewperaitsal so requires a greater

10 One system for measuring semiconductor device temperature involves a software
agent running on a microprocessor where the sofiware agent manipulates the input of a
digital~to-analog converter (DAC) located in a semiconductor device. The DAC output is
delivered to a comparator to be compared with an output from a thermal diode, also
located in the semiconductor device. If the output of the thermal diode exceeds the DAC

15  output, the comparator trips (its output is driven to a logically high voltage level)
indicating that the temperature represented by the value applied at the input of the DAC by
the software agent has been exceeded. The software routine generally begins by delivering
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



1 WD 02/ 054599 PCT/ US01/ 50575 anount of tinme to performa tenperature
measur enent than woul d ot herwi se be required w th a hardware

i mpl enmentvé® bLOR45X her prior systens utilize hardware inpl PARUSEYISTSS t O
nonitor trip point tenperatures. For exanple, a DAC has applied to its
input a value representing a trip 5 point. If the output of the DAC
becomes | esmpubidhinteiie petidrpud temperatutehmeasmbmetit oicha, waaldcaihgratsabe requiréds and
indicates to other circuitry to performa power managenent task such as
cl ock t hr otithl 4 lngdwahe B@slanchtiiionp poi nt may be inpl enented by addi ng an
addi tional conparator and offsetting the output of the DAC by a fixed

val ue. The out per pfiodYSems Gﬁfz%%rddﬁaQQQpieﬁleﬁﬁﬁ&nsttG)mioﬂﬂ?d%ttﬁp pdinddot h

conparators. One trip point may be set to represent 10 a catastrophic

t enper at ur Iot 1 ! Is . resent a
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t he high e j i r C nicate trip point
condi tigoné)%{ﬁg' {/fg%u%l g t %f‘!rhg%%s&%%‘%gﬂ%é&t‘ﬂ‘? @ur%ﬁ?%r agg}?gﬁ’ta functions
such as clock throttli and jnterrupt generation. This arrangenent has
Che di saavampaga Birs Al PGS arith R map PoLt T Ar e et TN R 15
points. Still other, prior systensg inplenent both the software managed

t enper at uré Cloﬁ%&‘éﬁﬂ’é‘%ﬁt“‘?%‘dFﬁ‘%@lﬁé%rhe%ale%@@%bb%dm a0 24ditiopE har dwar e
trip point arrangenment described above. However, in these prior systens,

whenever tcRBPEACT prd offsaiéing Sisfoutiit of thaBALTYIa fixsd valhe Prerquemiesfthé measuri ng

tenperature, the trip point detection circuitry is 20 di sabl ed. Because the
sof t war e reanagletiodedsiprnt wtingues efdbmturosiperators. i trip poist mayee secnepraseny, t here
is a protracted period of time during the software nanaged tenperature
10 a catastrophic temperature condition and the other trip point may be set to represent a high
temperature trip point. The catastrophic trip point comparator and the high temperature
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 software 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 software
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.



measuring routing where there is no trip point nonitoring. 2 WO 02/ 054599
PCT/ US01/ 50575 Brief Description of the Drawi ngs The invention will be
under st oodo nwowsgoul |y fromthe detail ed description gi venPCh®&RanM0arsd from

t he acconpanyi ng draw ngs of enbodi nents of the invention which, however,
shoul d not be taken to Iimt the invention to the specific enbodi nents
descri bed, BGefdscriptiorf offthe Dphwings i on and understanding only. Figure 1 is a
bl ock di agram of one enbodi nent of a thernoneter for periodically

measuring and Tepiwention Wik isp efidestecd ndre RilY fnshrdaaitduliwipticeyivee. Figure 2
is a flow diagram of one enbodi mrent of a nethod for periodically measuring

and repor theldg dn@MRAT Rk UERmphiyliddraw HENd CRbddiaicats of tisRntiddyiitgure 3 is a
bl ock di agram of one enbodi nent of a conputer systemincluding a system

| ogi ¢ devigRetRVshBld Rot BRELIRNELiRL thlhvdEbh %qhgﬁe!:i)ﬁc @ﬁﬁé&fﬁlgﬂgdés@xﬁéﬁf ature
within a sem conductor device. Figure 4 is a block diagram of one

enbodi rgen%gpgreweg@ﬁ&@hgﬁd%@gm%&?ﬁgg\logyl tiplexing of a thermal sensor. 15

Det ai | ed script Scri e enbodi nents including a

t her nonet er that riodicall nmeasures t.he t erature in a sem conductor
devi ce wi t hout %f lEe)eelr lgﬁgﬁllorcgr%%fanb?ﬁ?gf?’%é@emiOﬁg@}eggﬂ??tﬁrné?r KO8 Yescri bed
bel ow are enbodi nents that provide for time-nultiplexing of a DAC

conpar at or"‘}eaﬂﬂﬁ‘gtaﬂ&ql?ﬁ‘[tmgéer'i‘gﬁfat'frﬁW‘%E‘raf%?lfﬁoﬂﬁm?é\?‘é‘f“éﬂ- trip point detection

and 20 tenperature neasuring functions. o
Figure 2 is a flow diagram of one embodiment of a method for periodically

measuring and reporting temperature within a semiconductor device.

10 Figure 3 is a block diagram of one embodiment of a computer system including a
system logic device having a thermometer for periodically measuring temperature within a
semiconductor device.

Figure 4 is a block diagram of one embodiment of an apparatus for time
multiplexing of a thermal sensor.

15 Detailed 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



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. W o02/033899monet er 100 includes a thermal di ode 110rP€hasod®FiSvers an
output to a positive input of 3 WD 02/054599 PCT/ US01/50575 a conpar at or
120. The thernoneter 100 al so includes a digital-to-anal og converter (DAC
130 that Juomiph@es 1201 Dht thetinotnetea 1 00egat insledds apligitabfo-anhleg eenvedsrat or  120.
Further included in the thernoneter 100 is a counter 160. The counter 160

begi ns  qeltt)i1n0 tHafproides Sxcueitk & erdaailicniput ofthe tdmepavadrieOzer o and
increments periodically. The 5 counter provides the counter value to the

Bank A input @f4hedied inBe thERBorAG 1086 £avver L6D. tThe colingdrtlad begment er val ue
provi ded by the counter 160 into an analog value that is delivered to the

negative goﬂf?tﬂfg()iﬁ El*i%}%m&?%&ﬁgfoaﬁ%t %2 vahREefotB iRtencRtsYRrib @RS ERE S a

t enper at ure. odi nent, the counter 160 begins to count at zero

where zero Leptesents. (e, 0UERl B3, BEIMRIALUIRAIADIICERDRE 1By 10 the

t her sSe |I'n coun ue represents a decrease in

Bank A1 risaerbiy feiabaenr 350 Ay s B O R o Tl Bferf e uROR e 10 1

decreases. Qther enbodinents are possi bl f where the counter begins at
val ues ot drbiveredtorthe Begstivg inpof hecpBPEdiGhied decrements instead of
increments. 15 The conparator conpares the values delivered fromthe
thermal di ode Tht@ownier vahe refDrents 3 Gemperatyrpel o5 ihip embHmenhepRnies 664 s gr eat er
than the output of the thermal diode 110, then the output of the
conpar at OpeghrQo vunt atsBowieerd s Eatebantd thagredkdt tegwetagyeto beimgswed bng that t he
tenperature represented by the counter value is |less than the
10 the thermometer 100. An increase in counter value represents a decrease in temperature.
Also for this example embodiment, as the value applied to the Bank A input of the DAC
130 increases, the output of the DAC 130 decreases. Other embodiments are possible
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. Ifthe 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.



tenperature 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
conpar at %O 020549991 | show a |l ogically high voltage | evel PaOUS@INT t hat
the tenperature represented by the counter value is greater than the
tenperature sensed by the thermal diode 110. 4 WD 02/ 054599 PCT/ US01/ 50575
The output of thge sﬁgﬁaff%%m%&&ok $2(0i8 libIRFeB 9o & BorfpRREMAP akteétioh irbuit
detection circuit 140. If the conparator trip detection circuit 140 detects
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conparator tri I on rcurt 140 indicates regi ster 150 to store
t he
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Bank A i npuehv s nma runni ng
m Ccr opr ocessotr, rethe ounter data frqogmthe register 150 d
det ermi ne taHSg‘StrFTrZ%“Bé? g'f"f?rt ° Y*ﬁ‘éﬁ Orc}éheecﬂu‘%fl‘a]t@éﬁﬁbevwg @Fe“%é(g.resﬁﬁ%dgtot he count
data is stored in the register 150, the counter 160 is reset to zero and
the procesdhgBadd mayt %fB%i/%Apsl?’p'eB’éQ’tsé‘H?m%Oa AGTSPHBRREOMDO has t he
i nt ended advantage of performng automatic tenperature determ nation
Wi t hout soffRigrepeocesseri i rewst the peuatey dafe frem. thagseisiph 20 a9d detsmrine thsvol ved onl y
when readi ng the counter data fromthe register 150. Although the
t her nonet erteipdating intieated Hyahe theinragpeter ibdr nal di ode 110 as a t her mal
sensor, other enbodi nents are possible using other circuitry capabl e of
provi di ng a vol tongethe tburit dath issioredem the iebisteeidethatounter 160 gueet @ ze a fl ow
di agram of one enbodi nent of a nmethod for periodically neasuring and
reporting tRIBRIASELIHIEA Bbove xa8paaduct or device. At block 240, a
10 The thermometer 100 has the intended advantage of performing automatic
temperature determination without software control or intervention. Software becomes
involved only when reading the counter data from the register 150.
Although the thermometer 100 is described using a thermal diode 110 as a thermal
sensor, other embodiments are possible using other circuitry capable of providing a voltage
15  that varies with temperature.
Figure 2 is a flow diagram of one embodiment 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.



count er is reset. The counter value is delivered to a DA

a determnation is nade as to whether a thermal sensor SU?BSt alt e\?lalocikszzo
greater twan2/oyeoutput of the DAC. 20 If the thermal senBOT/USU{961S | evel
is not greater than the output of the DAC, then at block 210 the counter
is increnented. 5 WO 02/ 054599 PCT/ US01/50575 |If at block 220 it is

det er mi ned t hat itk bhe It iddet@mied thabthe thermileensor PPy levat is grogiehiaf he DAC
then at block 230 the counter value is stored in a register. The regi st er
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at bl ockatg40 and the process described 5 above repeats. Figure gri !ssar ese!

bl ock di agr a QBfweRReditrent of a co [ [
( | nput er system i ncluding a
| ogi ¢ devi ce%cz%,ahaw ng g t hernonet er 400 for periodically megsuri ﬁéSt o

tenperature L thin i ; i SHIBds
i ncludes circ '({HP Vmiggbrl&ﬁo@rsuﬁ’ﬁ g?%g%‘@?%%ﬁﬂ%ﬁgﬁ? ?{aﬁlrﬁe tri ;e)desgl?%td gl Z(rjld

communj cati ng various tenperature 10 conditions to an i i

( . . . . nterrupt generati

ci rcuii 33PVEIRYScl ock throttli ng circuit 326. The therm)ma!toerg400 is o
di scussed nore_fully bel ow.in connecti on
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is also coupled to a system input/ OUtcPUt hub 350.
monitoring several temperature trip points an communicating various temperature

10 conditions to an interrupt generation circuit 322 and a clock throttling circuit 326. The
thermometer 400 is discussed more fully below in connection with Figure 4.
The system logic device 320 further includes a memory controller 324 that is
coupled to a system memory 330. Also included in the system logic device 320 is a
graphics controller 328 that is coupled to a graphics local memory 340. The memory
15  controller 324 and the graphics controller 328 are additionally coupled to the clock
throttling circuit 326. The system logic device 320 is also coupled to a system
input/output hub 350.
Figure 4 is a block diagram of one embodiment of the thermometer 400. The
thermometer 400 includes circuitry for time multiplexing of a thermal sensor (thermal
20  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
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an 1 nput a calibration register 402.

The calibration register 402 is _provided t reXapiioed)
conpensat inditatehia Halipleper (MEH?Q 428(50 Eﬁlﬁg?%rbm %ﬁoa %(V%Jrllfglraitlﬁﬁ B%cras mamj:‘ gct uring

process. The output of the MJX 428 is._ delivered {
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Lem ver L le p register 406 is

el i veped o Lhe, han iddistRsd e flllg bBIRG. 15 430. Th

digital vzlaj&ues presented at the banlE A and bank B iﬁpl?f\g 490 convgrts the

When in the catastrophic trip point state, the sequencer 416 also indicates to a

MUX 432 to select an input from a catastrophic register 406. The catastrophic register 406
may be programmed with a value that represents a catastrophically high temperature. The
value stored in the catastrophic register 406 is delivered to the bank A input of the DAC
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 diode 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



into a correspondi ng anal og voltage that is driven on the Qut 431 output.
The output of the DAC 430 is delivered to a negative input of a conparator
420. A tived nxb5489%de 410 delivers a vol tage correspondi nBCT/OS@/®8TFsed
tenperature to a positive input of the conparator 420. If the output of the
thermal di ode 410 is greater than the output of %he 0 .DAC 430 (the output
of the DAGotidfcisittyhsush poihatntereypt sensvetian alrquf3gd ot g > Y8 fSer ature val ue),
then the conparator 420 trips (drives a |ogically high voltage on its

out put) . chherGpauspeeint 4 40ihiThe sequehder f# 16 furberdidiepiss topMUEX #3419 poi nt
state, selects a latching device 418 to |latch the output of the conparator
420. The JoRbehaHpN Boteht Satasadhicuipigoat kignal 70O @21 0B4800 tRAliEiEE01/ 50575 to
other circuitry, such as the interrupt generation circuit 322 of Figure 3,
via the Cl%kt%?etsfs%ﬁﬂiél‘ﬂ.”i p point signal 401. The sequencer 416 further
indicates to a MJX 434 to select an input fromthe catastrophic trip point

signals 401 10 e Glh%Ph EudPmbd @it iempuabenaspointitics. Widnin5 The

sequencer 416 next noves to the high tenperature trip point state. Wen in
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mul ti pl ex agal n’'sel ect an 1nput fromthe calibration

regi ster 402. e sequencer 416 . al Lfadl.cat h 16 sel ect an
i nput fronghggqﬂtotaﬁ%ﬁé? 8‘%6’? @p}“tefgrﬁnslﬁi %rclafjl\%gt?& r%%ggﬁoghq? ég/&rfc%lelérhgtgruztr e register
408 may be programmed with a value that represent ture that,
whi | e not aléfatnéz%ﬁeé)bﬁh%mq%“ﬁ tgiseleqian H}pﬁhﬁ@ﬁgﬁﬁq?rﬁ%e?a@grr érgggci:gt??'\r(/)gel action

(perhaps clock throttling) is necessary. Th in.the high

val ue st.ored
t enper at ufTbe higly testperaturd gBistes 4QfmpY & ltreg%mkeﬁ & ltgé‘r’(l%luﬁt‘*laf]‘&ﬁ{es%‘f"s % he DAC 430.
The DAC 430 again converts the digital values presented at the bank A and
bank Boi npdipraturt ¢hag while netspsidiphisaliinkitlngs high enough that corrective action
(perhaps clock throttling) is necessary. The value stored in the high temperature register
408 is delivered to the bank A input of the DAC 430. The DAC 430 again converts the
digital values presented at the bank A and bank B inputs into a corresponding analog
voltage that is driven onto the Out 431 output. If the output of the thermal diode 410 is
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
90  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.



voltage that is driven onto the Qut 431 output. If the out put
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i nputs. i nbankah ol BomdEigiocaBpORds ML RS 2 BTN BRE (he  out put
431. If the output of the thermal diode 410 is greater than t out put of
the DAC 16utgd@3(.t Heheomtpuvf the thetmeal DiGe 480isgreaten fhgn siontpuf %%P%gg‘ﬁt s a low
tenperature value), then the conparator 420 trips (drives a |ogically high
vol t age omsg (i duupbf the DAC 430 at this point represents a low temperature value), then the
comparator 420 trips (drives a logically high voltage on its output).
The sequencer 416, while stil 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 temperature 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
20  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
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igita hysteresis unit 414. Finally, the sequencer 416 noves to the

t her n‘orretglg : . A
; & SEDAC N8 LRRETHENEK 428 it itenhopemateesunier ARtelue
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440 delt()EthgmM}%r §3has tripped, then a thermometer count register 450 stores the last value
output by the thermometer counter 460. The thermometer counter 460 is then reset 10
zZero.

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 43 0, 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 embodiment, the sequencer 416 changes state every 40nS. Thus,

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

10



tlgectnggﬁtrsglolrjszo has tripped, then a thernoneter count register 450 stores
Lhe oSt vt Mg)gt put by the thernoneter counter 460. The thernoneter
count er 40 d%ﬁ n reset to zero. |If the conparator tripCHEBEEFHN
cireul oes not detect a conparator trip, then the next time the

q cer 416 enters the thernoneter state the thernpnet nter 460 15

i NCT eMENtf cik Sindfé déGntammied dre privisied tqtho therronaier CRWHE KTEEYFT 4 AL
count val ue has been stored in the thernoneter cﬁnt régi s?%r§4\§§/ermg?ter

val ue is @y ch8nd RadstRimReratered indanere igher teae
afienfor hijghar tener '
;ﬁn})ﬁ(r:?;;;e _ffr omthe thel%rmrret er countg val ulgjhﬁ For tagligg%:ayaprgl tehgrrbodi rreht
, e i nr YAkl ARREsBnt 214 RerdIAEd480ke cqpriofghe gase hers t i or
¢rg thepugpy
in vol tage Ieveh?é ag?tgt}ﬂg DAC out put. Thus, the thernoneter start ZEe?gg}lst?gr

404 val ue %{zg%eserfﬁ%dé 180 VBeTeF) dQEREsRIEER tippdints aRotsaawhleckidiwyf n t he

current 8% i i
F%bodi ment . “For this exanpl e enbodi nent, the sequencer 416

changes state. every 40nsS, . i i
t enper at utg dfgi“ialﬁ‘yﬁ%’feﬁlts’ség' -é&c ee%’lﬁté%%g@gzr‘%%%g%ﬁg@pl%m{/%mgz%gjgggp

PCT/ USQOL/ '
50575 Th%&gg@ggé}gfa&%g gj\uégﬁe%%%tag}f@hﬁrtﬁyb&iﬂﬂstdt@th'e betpttheitimonet er

i t
819?2; 1[g?trﬁit?:1nef§?e ot eve ous or the |owest tenperatures and nore
o take caeengriohdl basERaEet A8 B R o e T s hover i n
very close to one of the tri i nt t ho e oo
Eytst er esi sjp.iIn thissipetien @Péalﬂgiaptgﬁ&atisgﬂﬁg{‘ téfi’)éjl%{}ﬁgignatl\gh% ?’?ghé%gréileﬁhgggl ortal
t?i ast(r)_ophl C trip point state but 160nS | ater during the next cgt as'?ro hi
p poi ntyngdsithide fadldomut put of the thernal diode 410 nay have di pped jpus'f

below the trip point and the conparator wll not
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

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

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

11



trip. In this situation the value of the catastrophic tri oi nt si

woul d toggle in an wundesirable fashion. 10 The d!ogi t al thltoeresi: gzﬂ 22411
sol ves t W@ ongs4aedi ng a snal | amount to the value deliveretwubyr/sohe MIX 428
during the catastrophic trip point state, the high tenperature trip point
state, and the |low tenperature trip points state if the |last tinme those
states Wheforniesugsht bhthe denpaditdon 1 wowpdeekd trhwpdygiarathaniist er esi s unit
414 nonitors the output of a MJX 434 that receives at its inputs the

cat ast r ophictntHetdle Phddke 6 tEPPbintkdius whad he ghled&l.t enperature trip point
signal 403, and the |ow tenperature trip point 405. The last input of the
MIX 434 i s ti qfletdisterd AW 46, LYY, bR MGhiyERGro@atehabld e nhgquenic éixedt 16 causes
the MUX 434 to sel’ect an appropriate input to be delivered to the digital

hysteres 'hvflalsutlépl (t)théxje%ﬁogfm%ﬁﬁg%}.sﬁr@}e%en{%i dadhd H@asirbidiidREBIcLH0GYiE# £, NnO

di gi tal eresis 1s ap during the other states, however, the

approgjisal'ég.20rpgc?lrgrﬁig{slEggrfglet@ﬁaghﬁgtﬁom&ggirﬁg_gnal 401, 403, or 405 indicates a

previ Igital hysteresis is applied. By

increasing by a small anount .th | ue . i i
vol tage out put® ?Wte{rﬁ%ﬁeﬁ}!\éu%%agglﬁ’é@rlﬁelg%(lg%fﬁg} aﬁ‘%‘é‘??@éﬁgg‘ﬁ%ﬁg@g%hnt hell
WO 02/ 054599 PCT/ US01/ 50_57? refore, the out . of fS@J di ode 410

T/ USO1 The
woul d neetasERMGHP HYIn R f"ﬂ]a&etl}‘\@ttelﬁpr‘ﬁﬂm‘ie tﬂ}%f’@ﬁttem%’ at d;’gal]ieﬂ% trip point
status woul d be reflected. The registers 404, .40 408 nd.412 may be
Fﬂ%‘ﬂ‘ﬂ%

pr ogr anmeieingeraigre npoinbsigral A0F i Bo gramply, g dicefign atdhpesips Ry i npl ement

at least the catastrophic register 406 with a 5 |ocking mechanismto
protect agAntims bsof¢anhedonay tesit. in An eyt keingspatite ATIGORIRCEEOTMIME shown i n
Figure 3, may nake varied use of the

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



catastrophic trip point signal 401, the high tenperature trip point signa
403, and the low tenperature trip point signal 405. For exanple, an

i ndi cati ovOvhetds99he catastrophic trip point has been reaetip@somespsrsesult in
an interrupt being sent to a m croprocessor which 10 would then run an
interrupt handler routine to shut down the conputer system As anot her

exanpl e, bgdlﬂérﬁétbhﬂ{bt‘hl%ssahﬁmlMbdlhemp,eyfammneentmm plipoianipuhas been

reached nay resu clock throttling in an effort to reduce the device

tenperature. Once ogh§,ngymﬁaﬁw@ﬂﬁhywbhmbmnhemﬂeﬁm@e
tenperatuﬂ@mP§P$§ Eeﬁoaﬁ¥ﬁﬁﬁpom/te%perature trip point, normal system

operation can r.es re possible using these and ot her
15 technlﬁﬁﬁgmﬂg ﬂfﬂ@?ﬁ@l°ﬂ§§§H§%%ﬁ$m?§ﬁ%onputer systens. In the foregoing
specification the invention has been described with reference to specific
exenpl ary enbodi ments thereof. It will, however, be evident that various
nodi fi cati ons and changes nmay be nade thereto w thout departing fromthe
broades spirit and scope of the invention as set forth in the appended
clainms. The specification and 20 drawi ngs are, accordingly, to be regarded
inan illustrative rather than in a restrictive sense. Reference in the
specification to "an enbodi nent," "one enbodi nent, "sonme enbodinents," or
"ot her enbodi nents" means that a particular feature, structure, or
characteristic described in connection with the enbodinents is included in
at | east sone 12 WD 02/ 054599 PCT/ USO01/50575 enbodi nents, but not
necessarily all enbodi nents, of the invention. The various appearances of
"an enbodi ment," "one enbodi ment,"” or "sone enbodi nents" are not
necessarily all referring to the same enbodi nents. 5
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13 WO 02/ 054599 PCT/ US01/50575 CLAIMS What is clainmed is: 1. An
apparatus, conprising: 5 a digital-to-analog converter including a first
i nput andv@nz/esyut ; a conparator including a first inputPCEUSE®STNd
i nput, and an output, the digital-to- anal og converter coupled to the
second conparator input; a thermal sensor coupled to the first conparator
input; a plurality of |atching devices coupled to the conparator output;
and 10 a sequencer to select one of a plurality of input values to be
applied to the first input of the digicialmd 0- anal og converter, the
sequencer also to select one of the plurality of |atching devices to latch
t he out putwpf: il heixk@sparator. 2. The apparatus of claim1, the sequencer to
select the one of the plurality of input 15 values fromthe plurality of
i nput values on a rotating basis, each of the plurality of input values
applied to the digital-to-anal og converter for a predeterm ned period of
time. 3. The aqug&}ugﬂgé(%hphg%z, wherein the plurality of input val ues
includes a cata rgBﬁlc Trlﬁ po%nt val ue stored in a catastrophic trip
point register. 2Q 4, The apparat.u f cl.aim3 erein the plurality of
i nput val ues iﬁ'lﬂﬁkg*ﬁmﬁgﬁ%gmpgﬂﬂéPﬁP%?gmfPfﬂkﬁggﬂPuW%ﬁue stored in a high
tenperature trip point register, 14 WO 02/ 054599 PCT/ US01/ 50575

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



5. The apparatus of claim4, wherein the plurality of input values includes
a low tenperature trip point value stored in a |low tenperature trip point
regi st er W@ 05054399 apparatus of claimb5, wherein the plurbCTAg0ESTSNpuUt

val ues includes a thernonmeter counter value, the thernoneter counter val ue
generated by a thernoneter counter circuit. 7. The apparatus of claim®6,
the plurality of |atching devices including a 10 catastrophic trip point

| at chi ng device, a high tenperature trip point |latching device, a | ow

tenperature tsi phofipatanlsateRinng, viewic te panditpof ihprt velret iecludas Ia[iOW)OI nt
| at chi ng device. 8. The apparatus of claim?7, the sequencer to sel ect each

of the plyp rétft nglgE)OlhlaJaﬁfé'sfbgeﬁﬁ‘é'lﬁﬁ&nﬁ)@ﬁﬂfrgtrﬁb@oﬁﬁrdgtu@h of the input

val ues are o the digital-to-analog 15 converter. 9. A system
conprising: a processor; and a systemlogic device coupled to the
processor, the systemlogic device including 20 a clock throttling

Clrouid, an | Sheuph-AEns &'%gr@me R oFinhh Vbl axi ng { her ra

SGI’]SOT5 ci rcui ita og converter includi ng a first

t and t put 02/ 054599 PCT/ U
| ncl ud nghaEGE 3?%&5@%% LSRR e REI9AE 3 foae

di gital -to-anal og converter coupled to the second conparator input,
counter circuit.

7. The apparatus of claim 6, the plurality of latching devices including a
10  catastrophic 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



a thermal sensor coupled to the first conparator input, 5 a plurality of

| at chi ng devi ces coupled to the conparator output, and a sequencer to

sel ect oweoot/omaspl urality of input values to be applied proTwkR@/F05755t | nput
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 conparator.
10. The system of cl aim 9, el pRAMARERIa % ARl sbdfa A Bl he plurality

of input values fromthe plurality of 1nput values on a rétating basis,
each of the plurality of inputy,.y i o- anal og
converter for a predeterm ned OB r?g%%ﬁglﬁpm én%%fg&i‘}fﬁgtﬁ%hgle& %t%%n of claim
10, wherein the plurality of I DRUL val u (%Iudes a catastrophlc trip

poi nt value stored in a cat astrop ren arao“B%‘i‘ ht register. 12. The system of

claim1l, wherein the pIurﬁmﬁ{ in Lf s includes a high 20
tenperature trip point val FPEY cPipl lrftét‘?ﬁ’@?réioﬁf”é’mbrl p poi nt
register 13 The systemof claiml the plurality of |atching devices

i ncl udi r? cat ast r ophi @Bl P‘ial‘)tyﬁ’éila\tﬁh”}gef{eﬁll‘i?sr@uﬂéﬂoéée CORRATAHOIUEML,

t enper at ure trip point latching device. 16 WO 02/054599 PCT/ US01/ 50575
14. The systemof claim 13, tt8dsequencer to select each of the plurality
of latching devices according to which of the input values are applied to
the digital-to-anal og corasequacer to §lect 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 includes 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.
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15. The systemof claim 14, the clock throttling circuit to throttle at

| east one clock signal in response to the catastrophic trip point |atching
devi ce | a¥@ht/o/g5%®n out put fromthe conparator that indi cRCBYSIfAS75a
catastrophic tenperature has been sensed by the thermal sensor. 10 16. The
systemof claim 14, the interrupt generation circuit to signal an interrupt
to the processor in response to the high tenperature trip point |atching
device latching an output fromthe conparator that indicates that a high

t enperat ure hasjsbegg s§s@é?§ 8el 1 138e s&c{h@ﬁd@ﬁto SRASAEN ofkke Plralify df‘ﬂit&]ﬂdg;
conprising: applying each of a plurality of values to an input of

digital-to ver. ? output of

t he di gi tafié%{ﬂ%L g‘%&@% tgtﬁth\?éehr({%glre 1\%) Jt%lﬁésj dg%ﬂ%?gd %rﬂé&(g} uéb Ql%@g(;el ivered by a
thermal sensor; and latching a result of t he conpare operation in one of a
plurality 8PVP&ching devices. 17 WD 02/ 054599 PCT/ USO1/ 50575 18. The

nmet hod %)f claim17, wherein applying each of the plurality of values to the
i nput of the digi tal -t o- anal og converter includes applyi ng a cat astrophic
trip point value _and further, wherein Lg{&ﬂl g.the resu{ lo rrpare
operation in onb- dhesheppiifiaim {4 thcloc i“ﬁﬁ‘rﬂ‘émoélé@“ ekt Eﬁﬁ@ge ?lﬁ‘t‘chl ng

the result of the conpare operation in a catastrophic trip §0| nt
| at chi ng deigpat & response to the catastrophic trip point latching device latching an output om the

comparator that indicates that a catastrophic temperature has been sensed by the thermal

Sensor.
10
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.
15

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

20  delivered by a thermal sensor; and

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

17



19. The nmethod of claim 18, further conprising throttlin [ [
the result latched in the catastrophi (r:rptri p goi nt | atchign;1 gLS?EeSI gnal 1
i ndi cat eV hz054899cat ast rophi ¢ tenperature has been senseBChySelt®stsher mal
sensor. 10 20. The nmethod of claim 17, wherein applying each of the
plurality of values to the input of the digital-to-analog converter

i ncl udes” appl y§.ngheambhahoftdldip 1fowhdrein appiengeash of the pheglitypevakicntd the chi ng t he
result of the conpare operation in one of the plurality of |atching

devi ces ik bORS dighhlcBianglog beveres icludes apphéngrompairephipieip goinbyeli i
. : ; papinpralien a hi gh 15
tenperature trip point |atching device. 21. The nethod of claim 20, fgrt her

conpri si ngy GEMEr FhdrBd 1AMhihd the FesHIPbS thé cdmiRrd @Btakibn il cak ofitd plunalithef hi gh
tenperature trip point latching device indicates that a high tenpergture

has been 1BHIRE §e s tREabOBIARE RGBSR 0f thé @orhBare operation in a catastrophic trip

5  point latching device.

19. The method of claim 18, further comprising throttling a clock signal if the
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 converter 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.

71. 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.

20
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