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10  able to perform various functions when the semiconductor device temperature reaches

various trip point temperatures.
One system for measuring semiconductor device temperature involves a software
agent running on a microprocessor where the software agent manipulates the input of a
digital-to-analog converter (DAC) located in a semiconductor device. The DAC output is
15  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
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 DAChby
the software agent has been exceeded. The software routine generally begins by
20  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 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



and intervention. This utilizes m croprocessor resources and al so requires
a greater 1 WO 02/ 054209 PCT/ US01/ 50661 anount of tine to performa

t enper at we omemseyr enent t han woul d ot herwi se be required P@I/URIEOHEAr dwar e

i npl ementation. Qther prior systenms utilize hardware inplenentations to
nonitor trip point tenperatures. For exanple, a DAC has applied to its

i nput a vahwentrefpinese pérforg atedpdrpureinqasurament tantwoaldathgwise b€ rdghizedDAC
beconmes | ess than the output of a thernmal diode, a conparator trips and

i ndi cat es with atiaidware Inilethdntationo per form a power nanagenent task such as
clock throttling. A second trip point may be inplenented by addi ng an

addi tional  cowgas ptiorsyasds 0fifs akidva@ ilnPRnRuapols tomohiie tBfsoiky a fixed
val ue. The output of the thernmal diode is sent to inputs of both

conpar at Okgmpceaifret.l Fd? eR@hFIE, aBNC R8s plied 18 ifs BIPueS Pdlbc bPrefentind Aty ophi C
tenperature condition and the other trip point may be set to represent a

hi gh tenpgiat iR duthul oPRE DAC FREMEALR BN Rpitlof PRI WidagHpar at or  and
the high tenperature trip point conparator may conmunicate trip point

conditio n%oﬁlgar\él%‘} bR SnEintchted & JiRkr BRGiERY ﬂg‘ﬁg{ffgl?i{ d welRNAGSIRA taflURER | ONS

such as clock throttling and Interrupt ‘ge Thi's ~arrangenent has

the di Sad‘é@Plltoé‘igt (Séhffling.a)&i s0&bnf tr@&%@?ﬁn%{bgﬁéu}%tﬁﬁ%g?ﬁBﬁ@n&%ﬁadﬁ%n&lri p 15

poi nts. Sti rior syste war e managed
trip poi neouPRERE AIETRekink 8l ATREDACH QR FS, MR Rel e S CYone,
terper at urbmetigoded G imt et Rl opR ARl orE e PR B ESE Rafbre i ause he
UGN NG G ST M NN e TG
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.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be understood more fully from the detailed description given

25  below and from the accompanying drawings of embodiments of the invention which,
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10 Figure 4 is a block diagram of one embodiment of an apparatus for time

multiplexing of a thermal sensor.

DETAILED DESCRIPTION

Described below are embodiments including a thermometer that periodically
measures the temperature in a semiconductor device without the requirement of software
15  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
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
20 thermometer 100 includes a thermal diode 110 that delivers an output to a positive input of
a comparator 120. The thermometer 100 also includes a digital-to-analog converter
(DAC) 130 that provides an output to a negative input of the comparator 120.
Further included in the thermometer 100 is a counter 160. The counter 160 begins
counting in this example embodiment at the value zero and increments periodically. The

25  counter provides the counter value to the Bank A input of the DAC 130. The DAC 130
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120 will %K)év 150, 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
15 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.
The output of the comparator 120 is delivered to a comparator trip detection circuit
140. If the comparator trip detection circuit 140 detects a logically high voltage level
20  delivered by the comparator 120, then the comparator trip detection circuit 140 indicates
to a register 150 to store the value of the counter 160 which was most recently presented to
the Bank A input of the DAC 130. In this manner, a software agent running on a

microprocessor may read the counter data from the register 150 and determine the

temperature indicated by the thermometer 100.
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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.

If the thermal sensor output level is not greater than the output of the DAC, then at block

210 the counter is incremented.

15 If at block 220 it is determined that the thermal sensor output level is greater than
the DAC, then at block 230 the counter value is stored in a register. The register is
readable by a software agent.

Following block 230, the counter is reset at block 240 and the process described
above repeats.

20 Figure 3 is a block diagram of one embodiment of a computer system including a
system logic device 320 having a thermometer 400 for periodically measuring temperature
within a semiconductor device. The thermometer 400 also includes circuitry for
monitoring several temperature trip points and communicating various temperature

conditions to an interrupt generation circuit 322 and a clock throttling circuit 326. The

25  thermometer 400 is discussed more fully below in connection with Figure 4.
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10  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
automatic thermometer that operates without software control. For this example
embodiment, the sequencer 416 causes the thermometer 400 to first perform a catastrophic
15  trip point monitoring function, then a high temperature trip point monitoring function, then
a low temperature trip point monitoring function, and lastly the thermometer function.
When the sequencer 416 is in the catastrophic trip point state, the sequencer 416
indicates to a multiplexor (MUX) 428 to select an input from a calibration register 402.
The calibration register 402 is provided to allow for programmable compensation that may
20  be required due to variations in the manufacturing process. The output of the MUX 428 is
delivered to a bank B input of a DAC 430 through a digital hysteresis unit 414. The
digital hysteresis unit 414 is discussed more fully below.
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

25 406 may be programmed with a value that represents a catastrophically high temperature.
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catastrophic trip point signal 401. The sequencer 416 further indicates to a MUX 434 to

select an input from the catastrophic trip point signal 401 to be delivered to the digital
hysteresis unit 414.

15 The sequencer 416 next moves to the high temperature trip point state. When in
the high temperature trip point state, the sequencer 416 indicates to the multiplexor
(MUX) 428 to again select an input from the calibration register 402. The sequencer 416
also indicates to the MUX 432 to select an input from a high temperature register 408.
The high temperature register 408 may be programmed with a value that represents a

20  temperature that, while not catastrophically high, is 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

25  greater than the output of the DAC 430 (the output of the DAC 430 at this point represents
7
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The latc h%QS ¥oaelgle{§1 sielsectn%qrelput from the calibration register 402. The sequencer 416 also
indicates to the MUX 432 to select an input from a low temperature register 412. The low
temperature register 412 may be programmed with a value that represents a safe operating
temperature. The value stored in the low temperature register 412 is delivered to the bank

15 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
output 431. If the output of the thermal diode 410 is greater than the output of the DAC
430 (the output of the DAC 430 at this point represents a low temperature value), then the
comparator 420 trips (drives a logically high voltage on its output).

20 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
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

25  hysteresis unit 414.



5 available to other circuitry, such as the clock throttling circuit 326 of
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sequencer 416 indicates to the multiplexor (MJX) 428 to again select an
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416 nmoves iﬁp%tstigt% a% Qﬁélgg Uﬁ%agé thsa‘;[ ighgliver-gt]%o %hg %gyn%gg}n%ﬂt of the comparator 420.
If the output of the thermal diode 410 exceeds the output of the DAC 430, then the
comparator trips. The sequencer 416 causes a latching device 426 to latch the output of
the comparator 420. The output of the latching device 426 is delivered to a comparator
15  detection circuit 440. If the comparator trip detection circuit 440 detects that the
comparator 420 has tripped, then a thermometer count register 450 stores the last value
output by the thermometer 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
20  the next time the sequencer 416 enters the thermometer state the thermometer counter 460
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

25 results in a reduction in voltage level at the DAC output. Thus, the thermometer start
9



function operates in nuch the same fashion as the thernoneter 100 di scussed
above in connection with Figure 1. A thernoneter start register 404 is
programmadowe/odi2@ val ue that represents a tenperature atP@hiusé/ioha

t hernoneter function will begin to check 5 against the output of the
thermal di ode 410. A thernoneter counter 460, initially set at zero for

t hi s enbodégissent404ivalee espeserss the erayimunriemphratuse thatesao de clietBedein thercurmenie
thernoneter state. The value stored in the thernoneter start register 404
i s del i vercsanple emhedipamk B i nput of the DAC 430 through the MUX 428 while
the thernoneter counter 460 value is delivered to the bank A input of the
DAC 430 t hr ouglfot this elviixpld 8@ibodifherithihe BTert804 banhuigyet stateleeerg dOfs. riBchsyv al ues
applied to the bank A and bank B inputs into an anal og voltage that is

del i ver ed thecatddgophig alghymd 10w tdmpefatirh @ipcmimasie chdckdPery 1d0ns.ne out put of
the thermal di ode 410 exceeds the output of the DAC 430, then the

conpar at orThefnhdiseter CoBniSRMYERNE BfoviHE tChBe BRncIndt@ ot Nerifaviso ebdht bvdrp | at ch
the output of the conparator 420. The output of the latching device 426 is

del i ver ed 1i68S for@yTBAER tdMipeldurein@Gidr® Bitdi fofhiher 4dtberdtired. Ne conmparator trip
detection circuit 440 detects that the conparator 420 has tripped, then a

thermonmet er coygf 4ipRal Et@fesﬁltriﬁt 51495 BRvIdBE td B ca¥ B caQHyRAE R Youlple
t hermonet er counter 46 he thernonmeter counter 460 is then reséet to

zero. If the.GRHPa {fﬁ&&r is hé\ie ng %rggfok% ook bEME bri i})%%tgfﬁcilgﬁﬁplg &liftoht @

conparator trip, e ne time the sequence ent'ers the

ther monet gf, cﬁéﬁlﬁ}/stté}gm%, *PtﬁE B%{]E'Bfe%r tﬁﬁgér}ﬁr%'}at %0 t Hﬁf&ﬁﬁﬁ?&?e dahﬁtr jgie and the

above process 'S cou een stored

in the.10t h% g%ﬂ? { At g'ﬂq%d%?] '§urF tehne’x éata% roﬁé& @ppmt 08 tllljee r%?gftlﬁg a

software a can erm n errper er Monet er

Coun e BF LA SN A BBt AP 0
output. Thrlfp? In tﬁlg s}cur}l%E)n g%%l%g o? tthe catastrophic trip point signal 401 would toggle in an
undesirable fashion.
The digital hysteresis unit 414 solves this by adding a small amount to the value
15  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
temperature trip point signal 403, and the low temperature trip point 405. The last input of
20  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

corresponding trip point signal 401, 403, or 405 indicates a previous comparator trip, then

25  digital hysteresis is applied. By increasing by a small amount the value applied to the
10



9 WD 02/ 054209 PCT/ USO01/ 50661 register 404 val ue represents the maxi num
tenperature that can be checked in the current exanple enbodi nent. For
t hi s examwpd e2/exsbedi nent, the sequencer 416 changes state POBRUSIMONE. Thus,
the catastrophic, high, and | ow tenperature trip points are checked every
160nS. 5 Thernoneter count values are provided to the thernoneter count
regi st er 4afk Blxqut, tieseitgge dbpubiibmrthd DACl430esdecteeseidy atcurrespodick nor e of t en
for higher tenperatures. The digital hysteresis unit 414 is provided to

t ake car e agfouhth The@se, Witesugput bEthe thefind] diodé 410 oill aediab debpogtendrsthipver i ng
very close to one of the trip points. For exanple, without the digital

hyst er esi Shat binolir bpfossd lafed &Tririp PéntGoARATALDEe 4REtdd0 trip during one
catastrophic 10 trip point state but 160nS | ater during the next

cat astrophi c t rherdgRitdid 408t 2062 469) nPANHLy &fpr&gwnmamrmw@b&@tﬁ f4d® may have
di pped just bel ow the tr|p poi nt and the conparator will not trip. In this

si t uat ison yhfags, V@hsteenod intRitsGRlyasipleRRM £ 1daktithe RPsRbphid 1‘3?1 rtﬂ%]wMPé“ d toggle
in an undesirable fashion. The digital hystere3|s unit 414 solves this by

addi ng a §5kde ARMIm tPprbRE: A éﬁhﬁgoﬁg&éﬁgﬂg vered by the MJX 428 during the

cat astrophic tr|p poi nt ‘state tenperature trip point state, and

Lhe I ow tenper atis u{e;ggteﬂpls&g,%s@hﬁghg bl K85 e ShAFE AR G AL €5, Ve e

entered t he conpar tor r||d e ys’te ess uni t foni tors

poi nt “tsfgkstﬁgtmlc“{%fxemﬁt S@%ﬂa? e iy T BB I GRE e | o

%8 © 8nd the | ow
t t t T [ t t. 434, t dt
B S B oSS e nBbu R B il £ L2

an ap roprlat input to be delivered tao the digital hysteresjis,unit 414
for ealh SPHf Eas%%feﬂ@eé F EFRG1 A B 508 SeTf p & micropfocessof whth

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

15  system operation can resume. Other embodiments are possible using these and other
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

20  and scope of the invention as set forth in the appended claims. The specification and
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

25  characteristic described in connection with the embodiments is included in at least some
11



digital hysteresis is applied. If during the other states, however, the
appropriate corresponding trip point signal 401, 403, or 405 indicates a
previ ous wonpexair trip, then 25 digital hysteresis is appliusa/soBm
increasing by a small anount the value applied to the 10 WO 02/ 054209
PCT/ US01/ 50661 bank B input, the voltage output fromthe DAC 430 is

decr eased dppodimeniss g potrmgreseprilapbembodiménts, of e éventton. dibe pariousf t he t her nal
di ode 410 woul d need to drop by nore than that anount before a change of
trip poi ntapptasngss afal emtpdimet,|' Aaeethbodiment;'egi“sanes gnbbditpentsO6Gre d8, and 412
may be progranmable, or may contain fixed 5 values. O her enbodi ments may
i mpl ement nateshapidysdll tefeeringib dist samp leinbodimgntst er 406 with a | ocki ng nechani sm
to protect against software virus. A conputer system such as that shown in
Figure 3, may nmake varied use of the catastrophic trip point signal 401,
the high tenperature trip point signal 403, and the low tenperature trip
poi nt signal 405. For exanple, an indication that the catastrophic trip 10
poi nt has been reached may result in an interrupt being sent to a

m croprocessor which would then run an interrupt handler 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 in
an effort to reduce the device tenperature. Once the device cools
sufficiently that the device tenperature falls below the | ow tenperature
trip point, normal 15 system operation can resune. O her enbodi nents are
possi bl e using these and other techniques for thermal nmanagenent in
conput er systens. In the foregoing specification the invention has been
described with reference to specific exenplary enbodi nents thereof. It
will, however, be evident that various nodifications and changes may be
made thereto wi thout departing fromthe broader spirit

12



20 and scope of the invention as set forth in the appended cl ains. The
specification and draw ngs are, accordingly, to be regarded in an

il lustratw@e2esedser than in a restrictive sense. Referenerel/UR0INes1
specification to "an enbodi nent,"” "one enbodi nent,"” "some enbodinents,"” or
"ot her enbodi nents" nmeans that a particular feature, structure, or 25

char act er iGkABM8escri bed in connection with the enbodiments is included in
at least some 11 WD 02/ 054209 PCT/ US01/ 50661 enbodi nents, but not
necessar i IWhailid clamedd: nents, of the invention. The various appearances of
"an enbodi ment," "one enbodi nent,"” or "sone enbodi nents" are not
necessarily all referring to the sanme enbodi nents. 12 WO 02/ 054209

PCT/ US01/ 50661 CLAIMS What is clained is: 1. An apparatus, conprising: a
di gi tal -t o-anallog cAnugpdrais, comaprisiighg an i nput and an output; 5 a
conparator including a first input, a second input, and an output, the
first conparatdigitaRfotinalo@uplveertifclidify Slinpuitan®@bn blputdi gi t al -t o- anal og
converter; a thermal sensor coupled to the second conparator input; and a
t her noset er courb@parstof Bdiutling @UiRdt hut, @ sédoad SHp, b ar AR ahOFrseonvert er

i nput and further coupled to the conparator output, the thernoneter

counter Cidpfmphratol pREdoufl fAthé Yutpdidf A SRR ar@lob2bMer@Ppl ied to the
di gital -to-anhal og converter |npu?. 2. The apparatus of claim1l, wherein the

thermonet er coymGhalGhioMEdupled to the second comparator input; and

a thermometer counter circuit coupled to the digital-to-analog converter input and
further coupled to the comparator output, the thermometer counter circuit to periodically

10  increment a value applied to the digital-to-analog converter input.

2. The apparatus of claim 1, wherein the thermometer counter circuit
periodically increments the value applied to the input of the digital-to-analog converter

until the comparator output becomes asserted.

3. The apparatus of claim 2, further comprising a thermometer counter storage
15  register to store the value applied to the input of the digital-to-analog converter that

resulted in the assertion of the comparator output.

4. The apparatus of claim 3, the thermometer counter circuit to start
incrementing at a minimum value and to reset in response to the assertion of the

comparator output.

20
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periodically increnents the value applied to the input of the

digital -to-anal og converter until the conparator output becones asserted.
3. The appanrzoi4209f claim 2, further conprising a thernoneCEUSCIEONEIEr
storage 15 register to store the value applied to the input of the
digital -to-anal og converter that resulted in the assertion of the
conpar at or out put. Zhe Ffperayspérlainug, vdfereit thie migimutheltelreprasen®ier count er
circuit to start increnenting at a mninmumvalue and to reset in response
t o the asgwaximun tohperdtere agdfiptheawiereinan putease2 theJalapRicd betRO Qigital-

PCT/ USO01/ 50661 5. The apparatus of claim4, wherein the m nimum val ue

r epr esent so-anatexconmventdr esppesent vil@veathdetitirbler wherein an i ncrease in the
value applied to the digital- to-anal og converter represents a | ower
tenperature. 6. The apparatus of claim5 wherein the maxi numtenperature is
5 approxi mately 140 degrees Celsius. 7. The apparatus of claim6 wherein

t he tenperatur@. couTh&ippaaisSNERinS3 tcreintid MexiARR tbBferhigretifie
digital -to-anal og converter approximately every 160ns. 8. A system

conpri si NgipproRinkHdls E6EWrecd 0disik® a system device including a thernoneter,
the thernoneter to periodically neasure a tenperature at a location within

the system device, the thernoneter including a digital-to-anal og converter
i ncluding an i nput and an output, a conparator including a first input, a

second input, gnd a@hé)éﬁpgx%us of Bind 6 Ghirein the temperature counter increments the

value applied to the digital-to-analog converter approximately every 160ns.

8. A system, comprising:
a processor; and
10 a system device including a thermometer, the thermometer to periodically measure
a temperature at a location within the system device, the thermometer including
a digital-to-analog converter including an input and an output,
a comparator including a first input, a second input, and an output, the first
comparator input coupled to the output of the digital-to-analog
15 converter,
a thermal sensor coupled to the second comparator input, and
a thermometer counter circuit coupled to the digital-to-analog converter
input and further coupled to the comparator output, the
thermometer counter circuit to periodically increment a value

20 applied to the digital-to-analog converter input.

14



conparator input coupled to the output of the digital-to-analog 15
converter, a thermal sensor coupled to the second conparator input, and a
t her nonetveo ozeni%er circuit coupled to the digital-to-anaPOyusarmvestt er

i nput and further coupled to the conparator output, the thernoneter
counter circuit to periodically increnment a value 20 applied to the

di gi tal -t o- anaPog cbimevsystemrof clajpu 8, whetedn OGN OBARODURETIIBD1/ 50661 9. The
system of claim@8, wherein the thernonmeter counter circuit periodically

i ncr ement petidrbicallzlincecnagnd the vhlteoapphe tollitpw bf thhdigilalgiotanhlog ceravaiddrog
converter until the conparator output becones asserted. 10. The system of
claim?9, fuatitthecongmrqon sitpugbacoinbesss@tedt er counter storage 5 register to
store the value applied to the input of the digital-to-anal og converter
that resulted in the assertion of the conparator output. 11. The system of
claim 10, the processor to read the value stored in the thernoneter

storage registeq. 1PhesibemSyfskeiy Kirthdrabiiprlsing 4 termiohRierBomIieR stot@gnt er
circult to start 1 ncrenenting 10 at a mininumvalue and to reset in

response t&idil8o aBRARS VAR HhliddS tEOAPA LA Hightl lBlhalod SenvEA tBxst em of cl aim
12, wherein the m ninumvalue represents a maxi rum tenperature and further

wher ei N aRedyed HAREasheib s tNAdorfbaRi bk, t © the digital -to-anal og
converter represents a |ower tenperature. 14. The system of claim 13

wherein the maxi mumtenperature is approximately 15 140 degrees Cel sius.

11.  The system of claim 10, the processor to read the value stored in the

thermometer storage register.

12. The system of claim 11, the thermometer counter circuit to start incrementing

10  at a minimum value and to reset in response to the assertion of the comparator output.

13. The system of claim 12, wherein the minimum value represents a maximum
temperature and further wherein an increase in the value applied to the digital-to-analog

converter represents a lower temperature.

14. The system of claim 13 wherein the maximum temperature is approximately

15 140 degrees Celsius.

15. The system of claim 14 wherein the thermometer counter circuit increments

the value applied to the digital-to-analog converter approximately every 160ns.

16. A method, comprising:
15



15. The system of claim 14 wherein the thernoneter counter circuit
increnments the value applied to the digital-to-anal og converter

appr oxi mwebyowe®@ry 160ns. 16. A nethod, conprising: 15 VWrOPAOZAH2Q9

PCT/ US01/ 50661 periodically increnenting a thernonmeter counter val ue;
conparing a tenperature value represented by the thernonmeter counter val ue
wi th a ther nmalpesiedisdly intremeriting aniebriabmetenguhteevdlleer nonmet er counter val ue in
a register if the thermal sensor output is 5 greater than the tenperature

val ue repr esent®ehpbing Mempheturvabiedtpretial 8y théahdt®omdtér colinRr vatdwih of cl ai m
16, further conprising: reading the thernoneter counter value fromthe

register; amdrmdladnged Atgugn@ devi ce tenperature using the thernoneter
counter value. 16
storing the thermometer counter value in a register if the thermal sensor output is

5  greater than the temperature value represented by the thermometer counter value.
17. The method of claim 16, further comprising:

reading the thermometer counter value from the register; and

calculating a device temperature using the thermometer counter value.

16



