Mesoscopic effects on the thermal
conductance of silicon nanowires
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In the NbN layer, an alternative courant is delivered : I sin(wt)

The thermal balance of the nanowire is given by the Fourier equation :
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. mass density of the nanowire

C; : specific heat

Kk : thermal conductivity
R : electrical resistance

L and S : length and section of the nanowire

Cabhill, Rev. Sci. Instrun6l, 802 (1990)
The 3vmethod — Lu, Yi, ZhangRev. Sci. Instrunv2, 2996 (2001)
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Measurement Method : the 3w method

Thermal conductance normalized

Thermal conductance for 4 by 8 quanta of conductance

identical samples
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High temperatures, dominant phonon wave
length largely inferior to the roughness
average of the surface (  ,~4 nm):
Evolution of the dominant phonon diffusive reflection

wave length

T (K)

For the high temperatures: bulk behavior, Casimir di ffusive transport

K~ casT3 with L,.=150 nm




Evolution of the dominant phonon Diffusive and ballistic reflections
wavelength

The apparition of ballistic reflection implies an | ncrease of
the mean free path
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Evolution of the probability to have a specular refl ection and consequence

on the mean free path .

K~ (T)T3~T2
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Domination of
the thermal
resistance of
the
wire/reservoir
junction

Competition
between ballistic
and diffusive
regime: roughness
effect

Diffusive transport:
classical Casimir
model

h,=4 nm and speed of sound=9000m/s




— K of awire of 5 um
— 7/5K of a wire of 7 um
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The mismatch between the density of states of the p  honons of the 2D
reservoir and the 1D wire implies an important ther  mal resistance
which becomes dominant below 0.5K, with a cubic tem perature
dependence

Chalopin, Y;Gillet, J.-N.; Volz, S. Phys. Rev. B 77, 233309 (2008).




In profiled wire, we expect
the improvement of the
transmission coefficient,
better contact between heat
bath and nanowire (Tanaka
et al., PRB 71, 2005)
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With sinusoidal profile, opening of a GAP in the
dispersion relation for the acoustic phonons, so
the conductance exhibit a minimum at a well
defined temperature ( p=modulation)

From Thermal conductance of
nanostructured phononic crystals,
Cleland et al., PRB 2001




*Objectives: no materials on
top of the nanowires

*Two separated transducers (A
and B)

*The nanowires are not

perturbed by a top layer like in
the 3w method

« same kind of device for
single nano-object calorimetry
*Temperature largely below 1K
(dilution fridge)

New materials: silicon nitride
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Thermal conductivity of nanowire
(Roukes Nature 2000)




