Study phonon transport by using Kubo method
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We propose employing the real space Kubo method, which has already been well applied to the electronic transport, to study the phonon transport. As
an application of this method, we calculated the phonon mean free path in an isotopic carbon nanotube system. The results are shown to be in good
agreement with those obtained by using the GF approach, with the exception of low frequency modes, which is due to the limitation of computation time.

Kubo thermal conductance
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Introducing Schrodinger kind of evolution operator
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and rewrite the conductance in terms of transmission function
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T.(E) = %Tr{i?wé(E — H)V,6(E — H)}

phonon |T(w) = Tr{V,6(w* — D)V, 6(w* — D)}

In the same form
electron

Numerical approach [1,2,3,4]

* Transmission function of a system of length L
T(E,L) = =" Tr[6(w? — D)[D(w, 1)
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*The trace can be efficiently computed through an average over random
phase states

5 LDOS calculated by the
)| "~ continued fraction method
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computed by using Chebyshev expansion of U(t)

?nam (LU)

v(w)

‘Mean free path I(w) =

Results

Test Case: (7, 0) CNT with 10.7% of C isotope
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*Good agreement with GF result [5] at high frequencies

*Very efficient for high frequencies and large systems

Difficult to get the MFP for low frequencies due to the limitation of
computation time

Conclusion and Discussion

By introducing a Schrodinger type of evolution operator, the phonon

Kubo transmission function is found to be in the same form as the
electronic transmission function

*The numerical Kubo method which is very efficient to treat the electronic
transport can be applicable to phonon transport in principle

For the isotopic disorder (7, 0) CNT, MFP down to the second conduction
plateau can be obtained within acceptable computation time

*The thermal conductance is mainly contributed by the low frequency
modes, and therefore it is more practical to apply this method to strongly
disordered system of which the low frequency phonon modes are diffusive

*Work in progress
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