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Manipulating heat flow at the nanoscale
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»The concept of phonon engineering in nanowires
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Phonon engineering
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Phonons in superlattices: particles vs. wave
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Phonon engineering in nanowires

Axial heterostructures Radial heterostructures

Crystal phase superlattices Twin superlattices

Branched junctions

50 nm
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» Experimental techniques
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Raman Spectroscopy

Raman effect is a 2-photon scattering process
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Virtual Energy States
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Investigating phonons by
(Resonant) Raman Spectroscopy
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Investigating phonons by
pump-probe spectroscopy
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Phonon dynamics
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Pump Probe Probe Probe Time (ps)

Sample

» The pump brings the system out of equilibrium;
> A second less intense pulse, the probe, measures the effect of the pump excitation;
» A mechanical delay line allows to monitor the time evolution of the system over a sub-picosecond timescale.

Transient reflectivity Time resolved Raman
Looking at the change in reflectivity from the sample Well-established probe for incoherent phonon
we have access to e-ph and ph-ph coupling population dynamics in semiconductors
information
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Experimental setup

1030 nm

NOPA NOPA

il nall C wmas omes

N Pulse duration 30fs 180 fs - 2 ps
OPA
OPA
Power ImW -10mW <10 mW
Wavelength 300 - 450 nm
range 532 nm
600 - 900 nm 600 -900 nm
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Transient reflectivity experimental scheme

1030 nm

Pump @400 nm, 30 fs




Transient reflectivity experimental scheme

1030 nm
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Transient reflectivity experimental scheme

1030 nm
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Transient reflectivity detection scheme

Chopper Lock in amplifier

~—— Modulated Pump pulses
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Transient reflectivity on graphite flakes

Si trenches, flake transfer with PDMS+PC
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Time-resolved Raman experimental scheme
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Time-resolved Raman experimental scheme
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Increasing the spectral resolution

Pulse shaper
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Time resolved Raman on Silicon
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Raman thermometry

300K

— 850K

Intensity (a.u.)
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Raman shift (cm™!)

Q(T) = wg + A(T) with A(T)=A<1+ex2_1>+B<1+ey3_1+(ey31)2)

F(T)=C(1+ex2_1)+0(1+ey3_1+(eyil)z)
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Thermometry of heat transport channels
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Thermal conductivity measurements
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Nanotechnology 26, 385401 (2015)
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Ballistic heat transport in
wurtzite GaP nanowires
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Nano Lett. 20, 2703 (2020)
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Raman thermometry of heat transport channels

Pt/C contacts

Intensity (arb. u.)
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Nano Lett. 20, 2703 (2020)
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Raman thermometry of heat transport channels

Pt/C contacts

BALLISTIC TEMPERATURE PROFILE
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4-point thermal measurements

In preparation
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Outline

»Phonons and thermal transport in engineered nanowires
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Ires

GaP TWIN superlattice nanow
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Phonons in GaP
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Nano Lett. 19, 4702 (2019)
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Phonon engineering in GaP twin SL nanowires
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Phonon engineering in GaP twin SL nanowires

Expected long coherence New metamaterial
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GaAs-GaP superlattice nanowires
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GaAs-GaP SL nanowires
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Unpublished data
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Tuning of phonon modes




Low frequency phonons




Thermal conductlwty !w v

Unpublished data




Take home message

» Probing of phononic properties at the nanoscale

» Phonon engineering for tailoring phononic properties
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» Probing phonon transport with Raman thermometry o fiiim = 7 7
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