A Correlation Perspective

» Correlation based description

— Liouville Eg. = Linear response theory
— Causality = Correlation
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— Green-Kubo relations
— General: Valid for any phase of matter!

« Mode-mode Iinteractions

— PGM: scattering -2 impedes heat flow
— GK: correlation - facilitates heat flow



Modal Analysis

Green Kubo Iv\odol Analyms (GKMA)

EX EX EVj(n,t)
=E_E E;-v,(nt +§a§f -V (n,1) ¥ =ZQ(}”)
K= EEk T2 < (n t+t)>dt,=2n2’((n’n’:

In’rerfcce Conduc’rance Modal Analysis (ICMA)

Zz ( nt+vlnt) EQnt
Z;kBTz O n,t)-Qn',t+1'))dt' = EEG(nn)




GKMA & ICMA Implementation

» Need to multiply F,-¥,(n,¢)
Qt)=2%2 Ej-Vj(n,l‘)+23(I).z = (n t)'rjz

EEEZ (_» (n t)+Vl(n t))

. mplemen’r code Inside force routine
« LAMMPS

» Decompose trajectory
— Break info frequency bins

* Multiply modal velocity components
— Determine mode heat flux
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Quantum Correction

» Confributions are proportional fo C,

» Classical mode amplitudes incorrect
— Fully excited
— Constant C vs. T
— Naturally result from MD

« Quantum mode amplitudes correct
— Strong temperature dependence
— High T limit = classical
— Closed form expression C, Ek
— Correction factor

-1 xei
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GKMA Validation
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Thermal Conductivity
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Thermal Conductivity
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Testing & Validation
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GKMA Predicted

GKMA Validation
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Correlation Maps (O—Si)
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Thermal Conductivity

(Wm' K"

Locons Can Contributel
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Relaxation Time = Not A Descriptor

Thermal Conductivity
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We Can Distinguish Between the Modes
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We Can Distinguish Between the Modes
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Mode Character Changes Quickly

1-2% impurities causes 50% of propagating to be lost!
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Evolution of Mode Character
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Evolution of Mode Character
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Evolution of Mode Character
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Diffuson Size Effectse

14 nm Thin Film of Amorphous Silicon
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Interfaces: The Traditfional View

Diffuse Mismatch Model

Acoustic Mismatch Model

 Low temperatures
« Specularreflections
*  No anharmonicity
« No atomic details

Atomistic Green'’s Function
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Low temperatures
Partially anharmonic
With atomic details

Fully diffuse scafttering
High temperatures
Partially anharmonic
Partially atomic details

Wave Packet Method

_—t

-

 Low temperatures
« Partially anharmonic
«  With atomic details



PGM - Landauer Formalism

|Tronsmission Probobili’ry'
1
G ) @
\

Detailed balance - Only need modes from one side!

ﬂ

\ (@)o @D, @) 2 g,

0

A phonon with a known How much of its energy
energy and group velocity tfransmits through the
impinges on the interface interface?

There is an infrinsic maximum in fransmission = 100%.
This means...
There is an intrinsic maximum in conductance >
Transmission = 100% for every mode




The Atomistic View — Which Modes@e
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Which Coordinates are Righte

1. As the WP approaches O(t)=0
O (t)must correspond to WP

2. Zan(th’t=AE

Energy (eV)

3. No outside excitation

4. No outside contribution
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Wave Packet Test {A+B}
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Wave Packet Test {AB}
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Wave Packet Test
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