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Phonon lengthscales

« Acoustic phonons are the main heat carriers in nonmetals
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Phonon transport confin t effects

Example: suspended nanowires
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Supported nanostructures

Cross
section

W ~ 100 nm-1 pm

Heater
= phonon generator
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Measuring the ridge

Wire temperature measurement 3 menod canil Rs! 19%0)

*R(T) =R, (1 + o AT) Resistance depends on temperature
| =1 cos(mt)
= P(t) =R I(t)’=% R (1 + cos(2mt)) Joule heating of the electric
2>T)=T, + TDC + T2co COS(20)t+(I)2®) wire

RI[1+a(Ty.+T,, cos(Qot+d, )] 1 cos(wt)
R, [(1+aT,.) cos(mt) +%aT, cos(mt 0,,) +%aT, cos(3ot+¢, )]

[
C

+ % aR | T, cos(3ot+d, ) ——— Lock-in
detection

lo

» Other possibility: Combining DC and AC current input
=1 +1 cos(ot) — | U, =R, | (1+ aT,.) cos(omt)

* Wire temperature = f (heat flux in the sample)
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Measuring the ridge rature

Wire temperature measurement

V., =RyI~R, V,, ~ I3

—&— data 2 y = 0.00011*z° +0.00065*z2 +0.0016%z +0.0014
y = 3739.6% - 0.020973 ——— linear 7 where z = (x - 0.00085)/0.0003 A
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Measuring the ridge

Calculation of the conductance G,

« The conductance is obtained from Gy, = P/AT

o = Fgeometry RIZ/ AT
* Fgeomery ? take F =1 as upper limit
« Pads are heat baths. T, IS not constant along its length.

Temperature T iz

distribution " Temperature profile
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FEM simulation (F =12 H2)

Analytical calculation
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Thermal conductances lridges

Epitaxial heater, Superimposed AC-DC
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—> G appears to follow a w/d trend (Fourier ?)

Chapuis et al, Proceedings of THERMINIC 2010 8
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Thermal conductance |

Deviation from ballistic theory
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» Far below the Fourier prediction (<10%)

» Different from a pure ballistic prediction (<50%)
Chapuis et al, Proceedings of THERMINIC 2010 9
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Thermal conductance Ny

Why are there deviations from the ballistic theory

1) Surface thermal resistance \E, So far not observed with 3w

2) Correction to theory of constrictions between maclr_obodies (‘Nano’ correction)

Ballistic approach

Assumption : two heat baths D
Phonon backscattering ?
All phonons are supposed
to be transmitted through No thermalization
the constriction in the nanostructure ?
Fourier Ballistic e>> A m

prediction  deviation
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v v
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4 « Nano » correction
Wexler’s formula | to Wexler/BTE
BTE correction to Wexler (heat source case) Volz, JAP (2008)
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Conclusion/Pers

* The thermal conductance of silicon ridges has been measured for
ridges of thickness between 100-450 nm.

* Its temperature dependence (i.e. Knudsen number) was observed

Compared to Fourier law a two orders of magnitude decrease was
measured and ascribed to confinement

* At least one order of magnitude difference with the ballistic transport
prediction

« Confirmation with other samples using the 3o method

« Lower temperatures -2 interplay with strong wave effect
Higher temperatures - larger range of Knudsen number

 Impact of roughness

* Refinement of the associated theory in progress

Chapuis et al, Proceedings of THERMINIC 2010 11



Thank you for your attention !

Questions ?
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