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Modes (Phonons) & MD Simulations
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Vibrational Modes & Heat Transfer

Aids heat transfer Inhibits heat transfer

https://lifestyleremodeling.com

Gifs courtesy of  Freddy DeAngelis
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Modes at Interfaces

Interface

Extended Modes

Partially Extended 
Modes

Isolated Modes

Interfacial Modes

Gifs courtesy of  Kiarash Gordiz

Z. J. Liu, T. et al, Monolithic Integration of 
Algan/Gan Hemt on Led by Mocvd, IEEE 
Electron Device Letters, 35, 330-332 (2014).



Atomistic Simulation &
Energy Research Group

5

Modes & Energy Conversion

B. Yu et al, Enhancement of  Thermoelectric Properties by Modulation-Doping in Silicon 
Germanium Alloy Nanocomposites, Nano letters, 12, 2077-2082 (2012).

Thermoelectric generator

Gifs courtesy of  Hamid Seyf
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Modes Make Things Happen

MD @ T=300K
MD @ T=300K + energy input to 

a few selected modes
Li

P

O
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Movies courtesy of  Kiarash Gordiz
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Phonon Theory
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Phonon Dispersion
Mass X Acceleration = Harmonic Force



Atomistic Simulation &
Energy Research Group Taylor Expansion Potential

8
W.Weber, Phys. Rev .B 15, 4789 (1977).

Silicon Phonon Dispersion

1 1

2 3!ij i j ijk i j k
ij ijk

E K u u K u u u    

2

ij
i j

E
K

u u



 

3

ijk
i j k

E
K

u u u



  

equilibrium
i i iu x x 

Wave vector



Atomistic Simulation &
Energy Research Group Current Potentials

9

Silicon Phonon Dispersion

Wave vector
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Silicon Thermal Conductivity
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1

2 ij i j anharmonic
ij

K EuE u 

10

Morse

3-body
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Harmonic part fit
with least squares

Anharmonic part fit 
with genetic algorithm

https://github.com/rohskopf
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50 % force error

Blue: DFT force

Red: Potential force

DFT potential
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3 % force error

Blue: DFT force

Red: Potential force

DFT potential
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1 % error
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Dispersion Thermal Conductivity
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3 % error

Thermal ConductivityDispersion
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6 % error

Dispersion Thermal Conductivity
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