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Background

Facedwith thewell publicizedlimits of present-daynicro-electronic$abricationtechnologyman-
ufacturerswill likely turn to nanostructuressuchas carbonnanotubesr nanavires, in orderto
continueto increaseircuit densityandperformanceHowever, thethermalpropertieof thesestruc-
turesmustbe quantifiedbeforethey canbeusedefficiently in designsin thiswork we useatomistic
simulationto studythermaltransportoy phononsn carbonnanotubesnddiamondnanavires, fo-
cusingon the effective thermalconductvity of thesestructures.

The longitudinal thermalconductvities of nanotubeshave recentlybeenmeasured. At T =
300K, Shit found\ = 3000W/mK for a multi-walled nanotubeand\ = 1200W/mK for a 150nm
diametemulti-wallednanotubéundle.Honeetal.? 2 estimatedhethermalconductvity of single-
walled nanotubesbasedon the measuredhermalconductvity of crystalineropeof single-valled
nanotubesto bein therangeA = 1750to 5800W/m K.

Atomistic simulationsare an attractve complemento thesedifficult experimentsbecausef
the detailsthey canprovide. Unfortunately they arelimited to relatively small systemsandshort
simulationtimes. Structuresizeis particularlyimportantbecauseahe phononmeanfree pathsin
nanotubesrethoughtto belong. Recentmeasurementsuggesit mean-fregpath of 500nmfor a
multi-wallednanotubé. Simulatinga multiwalledtubeof thislengthseemsprohibitively expensve.
An evenlongermearfree pathis expectedor asingle-wallednanotubesincethereis nomechanism
for phononscatteringoetweerthe wall layers.Periodicboundaryconditionsareoftenemplo/edin
simulationsso that phononscantravel several periodsbeforethey scatterthussimulatinga much
larger structure. Using quasi-equilibrimand equilibrium approachesiespectiely, Berberet al.*
and Cheet al.° have computedthe longitudinal thermal conductvity of periodic single-walled
nanotubesising perioidic boundaryconditionsfinding high valuescomparablgo thosededuced
experimentally

However, in mostanticipatedapplicationsnanotubesengthswill be comparabldo the phonon
mearfreepath.In this studywe computetheeffective thermalconductviesfor nanotubesf several
lengthsandsubjectto differentmodelboundaryconditions.Resultsarecomparedo diamondwires
of comparablelimensionsUnlike nanotubeswhose“clean” structures thoughtto reducephonon
scatteringtheirregularstucture®f diamondnanaviresareexpectedo scattephononsubstantially
asobseredin atomisticsimulationsof silicon nanavires®
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M ethods

We usethe Brennef potentialto simulatethe carbonatoms.This samepotentialhasbeenusedpre-
viously to studythermalconductvity*® andvariousotherpropertiesof carbonnanotubesBecause
it is a strictly classicalpotential,it will fail at low temperaturesvhere guantumeffects become
significant,but it hasbeenshavn to be adequat@t moderatdéermpaturesindabove

We have implementedour algorithmin parallelto permit simulationswith ~ 10° atomsand
~ 1P timesteps.The atomsin the nanotubeor diamondnanavire aredistributed amongthe pro-
cessordasedon their axial position. MPI is usedfor interprocessocommunications.Although
communicatiommustoccureachtimestep run timesscalewell with numbersof processorgfigure
1). We have usedupto 120 processors.

In our nonequilibriumapproachatomicvelocitieswererescaledn local regionsto maintaina
temperaturgradient. Eachhot and cold region was one-tenthof the total length of the structure.
Theheatflux, cross-sectionarea,andtemperaturgradientgive thethermalconductvity.

Results

Herewe presentresultsfor a nanotubeanda diamondrod. Both have a diameterof 1.1nm. The
thermostatsveresetat Thot = 300K andTqg = 280K in bothcases.

Thetemperaturgrofile for a 0.5um long nanotubds shavn in figure 2. Statisticswereaccu-
mulatedover 1P timesteps.Using the constantemperaturgyradientclearly seenin figure 2 and
the heatflux requiredto maintainit, we found a high A for the 0.5um long tube comparableo
experiments However, it wassuppresselly nearlyafactorof 4 in a90nmlongtube.

Thecomparisorsimulationof a 90nmlong diamondrod predictedi to be one-sixththatfor the
nanotubeof the sameength,asexpecteddueto increaseghononscattering.
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Figure 2. Temperatureprofile in temperaturecontroled perioidic single-walled nanotube. The
---- istheperiodiccontinuation.
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