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ABSTRACT

Given large circuit sizes,high clock frequenciesand pos-
sibly extremeoperatingenvironments Field Programmable
GateArrays (FPGAs)are capableof heatingbeyond their
designedhermallimits. As new circuits are developedfor
FPGAsanddeployedremotely engineersarechallengedo
determinein advanceif the device will operatewithin rec-
ommendedhermalranges Theamountof powerconsumed
by the circuit depend®n how analgorithmis compiledinto
hardware,how the circuit is placedandrouted,andthe pat-
ternsof datathat passthroughthe system. The amountof
heatthat canbe dissipateddependsn the thermaltransfer
characteristic®f the packagethe air o w that passesver
thepackageandtheambienttemperaturef theremotesys-
tems. Ratherthan designinga systemto handleunreason-
ableworst-casesituations we have implementedh thermal
managemengystemthatcontinuouslymonitorsthetemper
atureof the FPGAandreprogramghe device if thetemper
ateapproachetheouterlimits of safeoperatingconditions.
Our systemmeasureshe junction temperatureof a Xilinx
Virtex FPGAusinga built-in thermaldiode.Usingthetem-
peraturenonitoringmechanismywe have studiedthesteady-
stateandtransientconditionsof multiple benchmarlcircuits
implementedn an FPGA logic on the Field-programmable
Port Extender(FPX) developmentplatform. We obsened
propertieof thesebenchmarlcircuitsthatenableusto pre-
dict power andthermalcharacteristic$or realapplications.
We proposeanovel DynamicThermalManagementDTM)
stratgy thatmakesuseof transientemperatureonditions.

1. INTRODUCTION

FPGAs provide the e xibility to deploy new circuits into
remotelydeployedsystemsPredictingthe pawer consump-
tion andthermalbehaior of circuitsin differentoperating
conditions however, is dif cult. Paver consumptiorcanbe
estimatedusingtools suchasXpower [1]. Xpower pro les
power utilization using simulation. The actual power uti-
lization depend®on actualdatapatternghat passeshrough

the system. Thermalconsideration®f the systemcanbe
estimateddy analysisof the packageandsystemhardware.
Although suchestimatesnay be valuablein characterizing
typical situations the actualthermalconditionsheavily de-
pendon external factorssuch as the ambienttemperature
andavailableair o w.

2. MOTIVATION

It is possibleto designFPGA circuits that generatemore
heatthanthe packageand platform candissipate. This is-
sueis of major concernfor recon gurable platformslike
the Field Programmabldort Extender(FPX) of Washing-
ton University The FPX platform containstwo FPGAs: a
small Xilinx Virtex FPGAcalledthe Network InterfaceDe-
vice (NID) thatis con guredwith astaticbit le andalarger
Xilinx Virtex FPGA calledthe Recon gurableApplication
Device (RAD) thatis recon guredoverthenetwork [2]. The
new bit les aresentto theNID overthenetwork asmodules
that recon gure the RAD to implementnewn network pro-
cessindgunctions[3].

Over sixty moduleshave beendevelopedanddeployed
on the FPX platform [4]. Noneof thesecircuits consumed
morepower thanthe FPX could dissipate Recentlya RAD
modulewasgeneratedo performexcessve computatiorover
alongtime period. The modulewasdeployed ontoa RAD
thathadno heatsink, andthe FPXwasmountedn achassis
without a coverto guideair o w acrosshedevice.

The result of this scenariowas a chain of eventsthat
damagedn FPX platform. Retrospectiely, we determined
thatthecircuitloadednto theRAD consumedclargeamount
of power. Without a heatsinkand sufcient air- o w, the
FPGAheatethecausé wasnotableto dissipatehe power.
As thetemperaturéncreasedeyondthe maximumtemper
aturerangeof the device (85 degreesC), the Silicon heated
the packageand the FPX printed circuit boardto a point
wherethermalexpansioncausedvarpingof the printedcir-
cuit board. The warpingbecamesufciently intenseso as
to causea power planeto shortwith anotherpower plane



of oppositepolarity on the printedcircuit board. The result
wasexcessve currentthrougha connectothatcauseceat-
ing thateventuallymeltedthe plasticaroundthe connector
The top view, andsideview of the affectedFPX boardare
shavnin Figuresl and2.

O

Fig. 1. Top view of the affectedprintedcircuit board. The
affectedconnectopinscanbeseenin thelower-left

Fig. 2. Sideview: Notehow layersof theboardwerewarped
becaus®f heat

The FPX platform had always included the ability to
monitor and managethermal conditions. A Maximum
1618temperatursamplingdeviceinstalledonthe FPX con-
verts the value of the currentpassingthroughthe RAD's
thermaldiode to a digitized value that can be readover a
two-wire serialbus[5]. TheNID onthe FPXthencanread
thatvalueto determinethe temperaturef the RAD. In this
work, we describehow a new circuit implementedon the
NID allows monitoring of the thermalconditionsand en-
forcessafeoperationof the systems.

The restof this paperis structuredasfollows. Section
3 givesa summaryof therelatedwork in the eld of Ther
mal andPowver managementSection4 describeghe setup
for gatheringhermaldataandimplementinganautonomous
thermal shutdavn safetycircuit for the FPX development
platform. Section5 combineghetemperatureneasurement
mechanisnwith customdesignedhermal/paverbenchmark
circuitsto pro le theRAD FPGA.Section6 summarizeshe
paperandsuggestsvenuef potentialfuture work.

1Thanksaredueto Bill Carterof Xilinx for the suggestiorto include
thermalmeasuremenrtircuitry onthe FPX platform

3. RELATED WORK

Microprocessorsiave beenbuilt thatallow the voltageand
frequeng to be scaledio extendbatterylife of mobilecom-
puters.Companiedik e Intel and AMD extendthis concept
to manageheatdissipationon seners[6]. By introducing
power managemenfeatures software runningon the CPU
canscalevoltageandfrequeng to lower powerusagebefore
the device overheats.This technologyis critical for seners
locatedin large datacentersthat househundredsand even
thousandsf computenodes.

Low power embeddedorocessordike Xscale[7] also
have hooksthat allow voltageandfrequeng scalingto in-
creasgower andthermalef ciency. Work presentedby [8]
makes use of thesefeaturesto presenta dynamicthermal
managemenDTM) systemthatwould scalethe processor
frequeng in responsedo temperatureeadingsfrom an ex-
ternalthermalcouple.

Xilinx Virtex FPGAsembeda sensediodefor measu
ing the junction temperaturg(T;) of the device. Thermal
managemenissueshave becomea prominentissuefor re-
con gurable systems. The dynamicthermalmanagement
circuit describedn this papermakesuseof the senseadiode
to ensuresafe operationof the FPX platform and charac-
terizationof applicationgprogrammednto the RAD onthe
FPX platform. Embeddedensaliodescanalsobe be used
to regulatefan speedor shutdown a processobeforeit be-
comesoo hot.

3.1. Measuring Power

Xilinx integratespower estimationtoolsin their simulation
suite. Thesetools enablecomparisorof the relative power
usedbetweertircuitimplementationsThesetoolscanhow-
ever differ greatlyfrom physicalmeasurement$)].

Onemethodfor physicallymeasuringpower consumed
by circuit involvesinsertingsmall senseresistorsin series
with the circuit power supply Thisis the methodwe useto
make powermeasurementd.ee[9] presentanovel method
for makingcycle accuratgpover measurementthat makes
useof theconcepiof switchingcapacitance.

3.2. Measuring Thermals

Most tools simulatethermalsat the boardlevel. MIT re-
searchedioolsthatsimulatethermalsatthedevicelevel [10].
Butthiswork wasfocusecbnreliability aspectsuchaselec-
tron migration,andnotfor estimatinghermaldissipationof
powerfrom recon gurableapplications.

Lopez-Buedd11] describgechniqueso make physical
temperatureneasurementsThesetechniquesuseexternal
thermalcouplesthermalimagingcamerasandsensealiodes
embeddednto thedie. A novel ideais presentedor recon-

gurable devicesthatcon guresring oscillatorsin orderto



infer temperatureneasurementrom changesn oscillator
frequenciesThiswork is laterextendedn [12] usingarrays
of suchoscillatorsto detecthot spotsandthermalgradients
in FPGAs.

4. IMPLEMENT ATION

4.1. Thermal Shutdown Cir cuit on the FPX
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Fig. 3. Shutdavn Circuit Architecture

Figure 3 shaws the high-level diagramof the thermal
shutdavn circuit asit is implementedn the FPX platform.
The RAD containsa built-in thermaldiode in the silicon
of the Xilinx Virtex 2000EFPGA. The anodeand cathode
of this diodeareaccessethroughl/O pinsonthe 1704-pin
packageThecurrentpassinghroughthesepinsis thenused
to measuredhejunctiontemperaturef thesilicon.

TheFPXplatformincludesanonboardtemperaturenea-
surementhip (Maxim 1618)to computethe T; of the sil-
icon from the currentgeneratedoy the sensediode. The
MAX1618 collectstemperaturesamplesat rate of 16 sam-
ples/secon@nd communicatesemperatureeadingsusing
the SMBusserialprotocol. Thesebus signalsareroutedto
testpins on the FPX that are monitoredby eitherthe NID
(thestatically-programmedontrolandcon gurationFPGA
onthe FPX platform). The temperaturef the RAD is then
monitoredby sendinga querymessag@ver the network to
the NID. The NID respondswith a statusmessagéhatin-
cludesthetemperaturef the RAD.

The NID alsocompareghe temperaturef the RAD to
a presetvalueto ensurethat the RAD always operatesn
asafemode.If thetemperatur@pproachethethresholdof
safeoperationtheNID caninstantlyandautomaticallyissue
a commandthroughthe SelectMAPinterface of the RAD
to reprogramthe device. This commandclearsthe RAD
con guration memorytherebyreinitializing thedevice.

Figure4 shavs a plot of temperaturever time for a cir-
cuit that causeghe RAD to surpass thermalthresholdof
70C. As canbeseemeartime 400secondsthetemperature
exceededhethresholdandthe thermalshutdavn circuit re-
programmedhe RAD. Immediatelythereafterthe RAD's
temperaturaapidly dropsand eventually reachest's idle
(i.e. nocon guration)temperaturef 32 C.

The statuscells returnedby the NID allow an external
PCto remotelyquerythe temperaturef the RAD. There-
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Fig. 4. FPGAbeingreprogrammety the Shutdavn Circuit
uponreachinga thermalthresholdof 70 C

mote PC canbe locatedanywhere,just so long asthereis
a path throughthe network where query and statusmes-
sagesan o w. Forthethermalpro ling experimentganfor
this papertheexternalsoftnaremadetemperatur@pdatere-
questapproximatelyevery 50 ms, andloggedresponse$o
atext le alongwith atimestamp.Section 5 makesuseof
theselog les to helpperformathermalcharacterizatiomf
theRAD.

4.2. Accounting for Noise

Temperaturaneasurementsn sensewires are sensitve to
crosstalkby signal transitionson nearbyhigh speeddata
buses. Temperaturaneasuremenrgrrorswere obsenedon
the FPX platformdueto suchcrosstalk. The SRAM2 mem-
ory module(oneof thefour memorymodulesattachedo the
RAD) usedaddressinddatal/O pinsthatwerelocatednear
the two wires connectingthe thermal sensediode. Inter-
ferencefrom datasignaltransitionscausedhe temperature
readingto appear-30C too highwhenthe SRAM2 memory
modulewasheavily utilized. In extremecasesthetempera-
ture spikedby +60C.

Two stepswheretaking to mitigate the effects of the
crosstalk.First,a 2200pF capacitowasaddedbetweerthe
currentsensinginputs of the MAX 1618that connectedo
the Virtex FPGA. Secondthe slew rateof the SRAM2 1/O
pinswherecon gured from fastto slow slew rate. The ad-
dition of the capacitor(asrecommendedy the MAX data
sheet)removed the temperaturespikes causedby crosstalk
from the SRAM2 moduleand decreasedhe averagetem-
peratureerror from +30 C to +20 C. The slower slew rate
on the SRAM2 I/O signalsdecreasedhe coupling current
effectandloweredthetemperaturerrorto +9 C.

4.3. Thermal Benchmark Cir cuit Description

Benchmarkcircuits were createdto characterizethe ther
mal behaior of the RAD. The Benchmarkcircuits where
to developedto have four importantproperties. First, the



benchmarkeircuits scaleto operateover a wide frequeny
range. Secondthe benchmarlcircuits scalein the number
of on-chipresourceaitilized. Third, the circuits usea reg-
ular structurethat canbe readily analyzed.Fourth, the cir-
cuits are placedandroutedevenly over the device to avoid
creationof alargetemperaturgradientacrossghe device.
The core building block of the benchmarkcircuits is
shawn in Figure5. This circuit is madeup of an 8x6 array
of LUTs (Look Up Tables)eachof which is followed by a
DFF (D Flip-Flop). The LUTs arecon guredto be 4-input
AND gates. Core blocks constructthe smallestworkload
usedin this papercall a ThermalWorkload Unit. Figure6
shavs the structureof a ThermalWorkloadUnit. It is made
up of two partsl.) Input Generato2.) ComputationRow.
The Input Generatoris responsiblefor toggling the inputs
of the ComputationRow every clock cycle. The Compu-
tation Row is madeup of an array of 18 CoreBlocks. A
singleworkloadunit uses876 LUTs and876 DFFs(2.25%)
of a the VirtexE2000(RAD)resourcesapproximatelytwo
rowsoftheFPGA. Xilinx speci ¢ VHDL directivesallowed
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very controlleda preciselayout. This allows for creation
of high-speedrhermalWorkload Units that canbe evenly
distributed over the FPGA. Figure 7 givesthe FPGA re-
sourcesusedfor eachbenchmark.The benchmarlkeircuits
usebetweer®% and 90% of the chip resourcesAlso each
of thesecircuits placeand route at 370-407MHz. These
circuits satisfythe desiredpropertiesof scalabilitywith re-
spectto circuit sizeandoperatingfrequeng. The variation
in themaximumfrequeny wasaresultof variationsn rout-
ing. Specifyingthatthe routingtool try harderto maximize
the frequeng could allow all benchmarkcircuits to run at
400 MHz. The benchmarkcircuits had additionalcharac-
teristics.First, eachbenchmarlcircuit hasanequalnumber
of LUTs andD Flip- ops. Secondgachbenchmarlcircuit
usesa multiple of the Cfglx benchmarkresources.Third,
the outputof every LUT andDFF within abenchmarkog-

Cfg | 1x | 2x | 3x | 4x | Bx | 6x | 7x | 8x | 9x | 10x
LUTS| 9% | 18% | 27% | 36% | 45% | 54% | 63% | 72% | 81% | 90%
FF | 9% | 18% | 27% | 36% | 45% | 54% | 63% | 72% | 81% | 90%

Block
RAM

0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%

Fig. 7. Benchmark-PGAresourcaisage

glesevery clock cycle (i.e. 100%actiity rate), producing
themaximumthermalheatingfor thechip resourcesised.

Scalingby actwity rate appropriatelycould potentially
allow themeasurementsadewith thesebenchmarlkcircuits
to provide accuratesstimate®f thermalbehaior of realap-
plicationsthat use similar chip resources.A tool suchas
Xpowerwould be a practicalmethodfor extractingapplica-
tion speci ¢ actity rates. Also eventhoughthesebench-
mark circuits useequalnumbersof LUTs and DFFs, they
can be easily modi ed to implementvariousratios. Fur
ther examinationof how accuratean estimationof power
andthermalbehaior sucha methodwould yield is worth
exploring further.

Thenext sectionpresentanddiscussesesultsobtained
usingthesebenchmaricircuits.

5. BENCHMARK RESULTS AND ANALYSIS

5.1. SteadyState Temperature Measurements

Figure 8 shaws the datacollectedfrom runninga subsebf
the benchmarkcircuit from 10 - 200 MHz. Eachexperi-
mentwas run approximately20 minutes, this was empir
ically found to be the amountof time for a given circuit
to reachits maximum steadytemperature. Figure 9 and

Cfg Ix | 2x | 4x | 8x | 10x
10MHz | 26 | 27 |29.5| 34 | 36
25 MHz| 29 315|375 48 | 53
50 MHz | 33 |38.5(49.5| 70

100 MHz| 41 | 525|725

200 MHz|50.5| 71

Fig. 8. JunctionTemperatur€T; ) measuredor eachbench-
mark (degreesC)

10 shaw plots of this datafor temperatureverseschip re-
sourcesandtemperaturerersesfrequeng. The datashavs
that temperaturéhasa linear relation with respectto chip
resourcesand frequeng. This is to be expectedsincel.)
The rst orderapproximationof power dissipateddy a cir-
cuitis givenasPower  CVZ2F. Giving alinearrelation
betweerpower with respecto capacitancéproportionalto
circuit size),andandfrequeng. 2.) TherelationP ower =

Energy=secondand Energy
Cp isaconstantshavstemperaturés proportionato power.

C, Temperatur e(where



Between100and200MHz thereis abendin theT; vs. Fre-

Temperature vs. Chip Resources
(Varying Clock Frequency from 10 MHz to 200 MHz)

@
<]

~
a

~
=}

|200 MH7

/ 100 MHz,

o
a

o
S

NS

o
a

50 MHz

25 MHz

Temperature (C)
S a
& 3
~8.

404

35 10 MHz

30 L4

25

20 + T
1 2 3 4

5 .6 7 8 9 10
Configuration
(Multiples of Cfglx Chip Resources)

Fig. 9. T; vs. FPGAresourcesor eachbenchmark

Temperature vs. Frequency
(For several Benchmark sizes)

@
S

~
a

~
=}

Cfg8x

@
o

Cfgax

@
S

|cfgto
Cfg2x

' gl
40 / 1 Clalx
£
30 -
251
20 + T T T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Frequency (MHz)

/0

Temperature (C)
S o [51]
& 3 @

R

\

Fig. 10. T; vs. Frequeng for eachbenchmark

gueng plot thisappearso beasideaffectof needingo use
aninternal4x clock multiplier to stepup the baseinput fre-
queng of 50 MHz to 200MHz. All otherexperimentsuse
the baseclock asis. Sincethe baseclock usedis 50 MHz
insteadof 200 MHz it is believed the reducedpower con-
sumedby the clock input pin is the main contrituterto the
sublinear temperaturéncrease.This obsenation suggests
thermalandpower sasingsmaybegainby designingeircuits
thatuselow inputbaseclocksandinternalclock multipliers
to createhigh speectlock to drive logic.

5.2. Transient Thermal Analysis

SinceRAD temperaturgeadingscan be updatedat 50 ms
intervals, the transientthermalbehaior of the benchmark
circuitsfromidle to steadystatecanbeexamined.Figurell

givesexamplesof thepro le of the RAD duringthis transi-
tion periodfor two benchmarlcircuits. Theseplots appear

Analytical Thermal Trajectory Compared to Measured
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Fig. 11. ThermalTrajectorycomparisonMeasuredss. An-
alytical model

to follow an exponentialfunction. Using the generalform
of:
Temperature(t) = Ae © + B (€H)

andthe datafrom eitherplot (Top in this case)the thermal
time constan{ ) canbedeterminedising

T(1)=B (2a)
Tj(0)=A+B;A=T;(0) B (2b)
Ti(t= )=Ae '+B=A :386+B (20

T; (1 ) = B = 71 (Final steadystatetemperature).A = 30
- 71=-41. Now Tj (t= ) is computedo be 55.8 C, which
occursataboutt = 69.4secondsTherefore =69.4.

Referringagainto Figure 11, the analyticalmodel of
temperaturers. time usingthe above equationts the mea-
sureddatawell for a rst orderapproximation.Now that
is known for the RAD only T; (0) andT; (1 ) is neededo
predicttransitionbehavior for othercon gurations. Thisis
shown in the bottomplot of Figure11.

We obsene thatthe relative time betweerthe clock pe-
riod andthe temperaturehangesredramaticallydifferent
( =69.4seconds).The thermalmassof a real systemlike
theFPX platformallowsthe FPGAto operateat high power
for relatively long intervals beforethe maximumtempera-
ture is exceeded.The highesttemperaturdransitionspeed
obseredfor the benchmarlkcircuits was approximatelyl0
degrees/second@ndthis rate slows exponentiallyas steady
stateis approachedif acircuit hasmultiple thermaloperat-
ing modesthenonecould performusefulcomputatioruntil
a thresholdis reachedthenallow the FPGAto cool while
operatingin alower thermalmode.This is usefulfor appli-
cationsthat processat bursty rates. This temperaturdased
modecontrol would alsoallow applicationsto temporarily



operatdn a modethatwould normally exceedsafethermal
limits of thedevice.

5.3. Temperature versesPower

The FPX platformwasmodi ed to enablepowver consump-
tion measurementsy placinga .008 ohm senseresistorin
serieswith the 1.8V FPGA corepower supply Measuring
voltageacrosshis sensaesistorenablescalculatingpower
consumptioratary instanceof time.

Figure 12 shavs the power measurementsorrespond-
ing to eachthermalexperimentrun. As with thetemperature
measurementslatapointswereobtainedrom runningeach
experimentfor 20 minutes. Unlike the transientanalysis

Cfg Ix | 2x | 4x | 8x | 10x
10MHz | .61 | .81 (1.17|1.89|2.25
25 MHz | 1.08 | 1.58 | 2.52| 4.30 | 5.24
50 MHz {1.91| 2.88 | 4.77 | 8.35

100 MHz| 3.56 | 5.42 | 9.04

200 MHz| 4.93 | 8.55

Fig. 12. Pover(W) consumedy eachBenchmarkCon gu-
ration

for temperaturevhich exhibits swingsof up to 40 C, power
consumptiorstaysfairly constanbvertimefor largethermal
transitions.The largestchangen power consumptiorfrom
theinitial time of the experimentto the point wherethe cir-
cuit reached steadystatetemperaturevasonly 3.5%.

The Xilinx Device PackageUser Guide[13] givesthe
following equation:

T; = Power
A = (T,

At Ta

Ta)=Power )
for estimatingT; for a given power consumption.Where
Ja is thethermalresistancdrom junctionto ambientand
Ta is the ambienttemperature.This equationcanbe rst
appliedto the datacollectedin Figure8 and 12 to calculate
the empiricalvalueof ;5 for the RAD (Figure 13). The

Cfg Ix | 2x | 4x | 8x | 10x
10 MHz | 4.94|4.94 | 5.55|5.82 | 5.78
25 MHz |5.55|5.40 [5.75|5.82 | 5.72
50 MHz (5.23|5.38 | 5.55| 5.63

100 MHz| 5.06 | 5.44 | 5.47

200 MHz| 5.58 | 5.61

Fig. 13. Junctionto Ambient Thermal Resistancg ;)
computedrom empiricaldata(C/W), Ta =26C

UserGuidespeci esthepackageaisedfor theRAD (FG680)
shouldhave a ja of 7.6 C/W for anair ow of 250 LFM

(LinearFeetperMinute). Theempiricalvalue(5.4 .5C/W)
differsfrom this by about27.6%. This differencemayoccur
becausdhe FPX platform sinks more heatthanthe Xilinx
testboard. The documentatioraboutthe Xilinx testboard
reportsthattheir FPGAis mountednaprintedcircuit board
with only one power and one groundplanewhile the FPX
hastwo groundandtwo power planes. This shouldallow
the FPX circuit boardto effectively actasanlargerheatsink
thanthe Xilinx testboard.

Now atary instancethe rst orderthermaltrajectoryof
the RAD canbe estimatedrom the measurednstantaneous
power(Powver(t=0) Power(t=1 )). Powver(t=0)canbeused
to estimateT; (t=1 ) via equation3. Tj(t=1 ) canin turn
be usedto completeequationl, which givesthe rst order
thermaltrajectory

The thermaltrajectoryallows estimationof how long a
circuit canoperatein a given modebeforereachinga ther
mal threshold. This informationcanbe usedby a dynamic
thermalmanagemensystemto help schedulevhatjobsto
procesgluringathermaltransition.

6. CONCLUSION

A thermalmanagemerdystemwvasmotivatedanddescribed
for the FPX platform. The mechanismusedfor measur
ing FPGA temperaturevas then usedto explore in depth
the thermal characteristicof the RAD on the FPX plat-
form. The thermalsteadysteadyandtransientbehavior of
theRAD, andthermalrelationshipgo powersuggestshatthe
thermaldelay betweemrmodesof a circuit could be usedto
implementnen dynamicthermalmanagemenapproaches.
It wasthenproposedhat estimationof thermaltrajectories
could help thesemanagemengapproachebetter schedule
work during thermaltransitions. The benchmarkcircuits
werealsoshavn to have characteristicthatmay leadto an
approachor moreaccuratelypredictingthethermalbehar-
ior of applicationsimplementedon recon gurabledevices
at designtime. The thermalmanagemenmethodologyde-
scribedin this papercan be appliedto other platformsto
enablemodulesto operatein shortburstsat a higherpower
level thansteadystatethermaldissipationwould allow.
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