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Heat balance at the nanoscale

e-ph interactions

Dubi. RMP (2010)
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The mternal energy Is stored and d|SS|pated by phonons

The vibration is splitted in 3N-6 normal modes (g-labeled).
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Heating at the nanoscale

Absorption
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[ A. Pecchia et al. Report on Progress in Physics (2004) ]
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Cross sections

Phonon-phonon interaction
/ [G. Romano, A. Pecchia and A. Di Carlo J. of Physics: cond. matt. (2007)]
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Electron-phonon interaction

[A. Pecchia, G. Romano and Aldo Di Carlo Physical Review B (2007)]

—> N, = T,

Transport model |:> Non equilibrium Green’s Function (NEGF)
Ground state |:> Density Functional Theory (DFT)
Electron-phonon |::> Born Approximation (BA

interaction PP (BA)

UE RS TA DEGL! S TUON D ROMA

OLABs 03/06/2010 9 TrVagHa




Resonance effect
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[G. Romano, A. Gagliardi, A. Pecchia and Aldo Di Carlo et al. Physical Review B (2010)]
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Collaboration with experimentalists

Thermal instability of fullerenes
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Scales

Phonon wavelength

Phonon mean free path
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Heat balance at the mesoscale: the gray model

~Al
v,V(5e")= +H
. 1 ¢,
Equilibrium energy —> e° :Eie do

Thermal flux —> j Sv,e"dQ

4

Temperature —> T=T+

A7e°

* All phonons are assumed to have the same group velocity (sound velocity)
* Relaxation time is indipendent of energy phonons.
e Discontinuous Galerkin Method

[Sreekant et al. Heat and Mass Transfer (2006)]
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Equilibrium energy

Since the equilibrium energy depends on the solution itself a self

consistent loop is required.

*The first guess of the equilibium energy is a key point for the

convergence speed.

Usual choice:
constant value ——» 1000 steps

This work:
Fourier simulation —> 10 steps

This approach speeds the convergence up to 100 times
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GaN guantum dot
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GaN guantum dot: meso results
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GaN guantum dot: meso results

Current [u A]

The solid angle is discretized in 18 slices
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Scales
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Thermal transport at the macroscales

Irreversible thermodynamics =
Onsager reciprocity relationships ’
Local thermal equilibrium
Standard Galerkin Method
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THE METHOD
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Domain partitioning
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Multiscale model: results
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TiberCAD

The models have been implemented in TiberCAD, a multiscale simulator of
optoelectronic devices.

@-»
@ ®

www.tibercad.org
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Conclusion

Developed and implemented a model for heating and heat
dissipation at the nanoscale (NEGF-DFT)

Implemented and optimized a Boltzmann based model for electro-
model simulation (Discontinuous Galerkin Method)

Implemented the Fourier’s law for heat transport (Standard Galerkin
Method)

Developed and implemented the Macro/Meso multiscale model.

Application of the implemented models to several systems, ranging
from molecular structures to macro devices.
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Future work
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Full integration

Macroscale

Mesoscale

Nanoscale
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