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PLAN

● Ab initio calculations

● Lattice thermal conductivity

● Electronic properties

● High-throughput screening

● Machine learning
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AB INITIO CALCULATIONS
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DENSITY FUNCTIONAL THEORY

Finding and storing the many-body wave function                        is a 
problem that grows exponentially with N.

Hohenberg-Kohn theorem (1963) states that the groundstate density n(r) 
of interacting electrons in an external potential v(r) determines this 
potential uniquely.

This means that n(r) contains all the information about the Hamiltonian 
and thus about the ground state properties of the system.

Instead of trying to find the wave function that gives the minimum energy, 
we look for the density that minimizes the energy. 

See Walter Kohn’s Nobel (1998) lecture
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DENSITY FUNCTIONAL THEORY

The Kohn-Sham equations (1964)

allow to find the ground-state density using independent electrons, 
provided that the exchange-correlation potential is known exactly.

One of the most successful exchange-correlation functionals is based on 
the local density approximation:  

DFT-based programs are now some of the most used tools in 
computational solid state physics.
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DENSITY FUNCTIONAL THEORY

Marini et al, Phys. Rev. Lett. 88, 016403 (2001)
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PHONONS

Γ X
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R

Lattice vibrations

Wavelength and energy
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COMPUTING PHONONS

Small displacements

2nd and 3rd order
force constants

Phonon spectrum
And thermal conductivity
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COMPUTING PHONONS

Quantum statistics, finite T

Exp. data at 300 K: Cowley, Phys. Rev. 134, A981 (1964)
and Stirling, J. Phys. C: Solid State Physics 5, 2711 (1972)
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FINITE-TEMPERATURE PHONON CALCULATIONS

van Roekeghem, Carrete and Mingo, Physical Review B 94, 020303(R) (2016)
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BOLTZMANN’S TRANSPORT EQUATION



| 12Journées Nationales de la Thermoélectricité - 18/10/2018 | Ambroise van Roekeghem

BOLTZMANN’S TRANSPORT EQUATION

ShengBTE: Computer Physics Communications 185, 1747 (2014) 
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BOLTZMANN’S TRANSPORT EQUATION

ShengBTE: Computer Physics Communications 185, 1747 (2014) 
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ALMABTE

homogeneous 
materials

with defects nanostructures multiscale structures

Steady state 
and transient
heat flow

Single crystals
Alloys

Vacancies
Substitutionals
Interstitials
Dislocations

Superlattices
Thin films

1D multilayers
2D and 3D
Interfaces

J. Carrete et al., “almaBTE : A solver of the space–time dependent Boltzmann transport equation 
for phonons in structured materials”, Computer Physics Communications, vol. 220, pp. 351–362, 
Nov. 2017. www.almabte.eu 

6 partners from academia to industry

13 citations in less than one year
88 members on the online forum
31 related publications from our group since 2016
(including 1 Adv. Mat., 1 Phys. Rev. X, 1 Phys. Rev. Lett., 9 Phys. Rev. B, 1 Phys. Rev. Mat.)

http://www.almabte.eu/
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ALMABTE

Vermeersch et al, unpublished
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ALMABTE
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Effective alloy thin film
Monte Carlo simulations
Effective alloy bulk limit
Average alloy bulk limit

van Roekeghem et al, arXiv:1809.11046 (2018)

Katre et al, Phys. Rev. Lett. 119, 075902 (2017)
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ONSAGER’S COEFFICIENTS AND THE BTE

Linearized Boltzmann’s transport equation in the relaxation time approximation

(See Electrons and Phonons by Ziman, Ashcroft-Mermin, Boltztrap papers)
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ELECTRON SCATTERING

● Electron-phonon scattering
● Impurity scattering
● Electron-electron scattering

Gerthsen et al, Phys. Stat. Sol. (a) 13, 127 (1972)
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COMPUTING THE SEEBECK COEFFICIENT

Constant relaxation time approximation

S becomes independent of    and        becomes constant

Xu and Verstraete, Phys. Rev. Lett. 112,196603 (2014)
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NANOGRAIN LIMIT

Carrete et al, Advanced Functional Materials 24, 7427 (2014)
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METALLIC ALLOYS

+ Sommerfeld development

Mott’s formula:

Multicomponent alloys and Matthiessen’s rule:

Gorter-Nordheim formula and plots

See Thermoelectric Power of Metals,
Blatt, Schroeder, Foiles and Greig
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METALLIC ALLOYS

PhD Maximilien Saint-Cricq
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HIGH-THROUGHPUT SCREENINGHIGH-THROUGHPUT SCREENING
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HIGH-THROUGHPUT SCREENINGHIGH-THROUGHPUT SCREENING

ABX
3
 with X=O or F

 8000 possible combinations
 400 non-magnetic semi-conductors
 90 found mechanically stable at 1000 K

 35 already synthesized perovskites
 17 mentioned only as non-perovskites
 38 potentially new compounds
 2 with negative thermal expansion at 300 K
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HIGH-THROUGHPUT SCREENINGHIGH-THROUGHPUT SCREENING

van Roekeghem et al., Phys. Rev. X 6, 041061 (2016)



| 26Journées Nationales de la Thermoélectricité - 18/10/2018 | Ambroise van Roekeghem

HIGH-THROUGHPUT SCREENING

van Roekeghem et al, Phys. Rev. X 6, 041061 (2016) Carrete et al, Phys. Rev. X 4, 011019 (2014)
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MACHINE LEARNING

Legrain et al., Chemistry of Materials 29, 6220 (2017)

Legrain et al., arXiv:1803.09827, Journal of Chemical Information and Modeling in press

Legrain et al., J. Phys. Chem. B 122, 625 (2018)



| 28Journées Nationales de la Thermoélectricité - 18/10/2018 | Ambroise van Roekeghem

MACHINE LEARNING

Bochkarev et al, in preparation
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CONCLUSIONS

● Ab initio calculations of the lattice thermal conductivity are reliable.

● For electronic properties, it is still very difficult.

● High-throughput computational screening is increasingly developing.

● Machine learning can help to speed up the process.
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