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w Quantum of thermal conductance
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An ldealizedsSolutiendori Heat Elow

w Consider a perfect, frestanding quantum wire over
which a temperature differencdX) is applied

w In the absence of scattering, timet heat flow through
the chain would be
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ConversionoofsSumdonintegral

w First, use the usual conversion of a sum to integratin
space by recognizing that each allowed state-sp#ce
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w Now, take advantage of the symmetry oBace and
assume smalDT to re-write the net heat flow as
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Thermal (CoenductanceranhdoConductiyity

w The thermal conductancgh, = J,/ DT) is independent
of the wire lengthL.X
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The Quantumoofifhermal €Conductance

w Consider only a single acoustic phonon polarization al
perform the conductance integral (from= 0 tox)

w Rego and Kirczenow [Phys Rev B&t232 (1998)]
showed that each such branch provides a fixed therm.
conductance that depends only on the temperatdre

2
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67 K

w This quantity represents thmaximumthermal
conductance that a given phonon branch can provide,
even with none of the usual loss mechanisms (e.g.,
Impurity scattering, umklapp scattering)
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Effectsofl interfaces andcScattering

w When scattering at an interface or in the bulk is
Included, the heat flux integral must include a
transmission functionX) because some phonons will b
reflected backward

= un( W) 1
d \IA\II Z
N T W X :

w Consequently, the essence of the solution involves
finding X(w)

Nanoscale Transport Research Gro T.S. FisheMar-08
Slide8




Based on:
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(Fundamentals)Vol. 51, No. 3/4, pp. 33349, 2007.
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SeomeBackground

wNonS|ljdzA £ A0 NA dzy DNBSyQa ¥d:
developed to simulate electron ballistic transport (see
Datta, 1995)

w Very efficient in the ballistic regime but requires
significant effort to implement scattering

w Recently applied to phonon transport (see Mingo, 200
Zhang et al., 2007a,b,c)
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w Includes effects of bulk contacts Iccm;gﬂ " Device | Contact?
expressing their effects | P
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functions

w Suitable for ballistic transport

¢ Nanoscale devices at room
temperature, or

¢ Lowtemperature conditions, or

¢ Scattering dominated by boundaries -
and interfaces /

w Required inputs i
¢ Equilibrium atomic positions
¢ Inter-atomic potentials
¢ Contact temperatures

Contacti Thin tilm Contactz
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Recalll LattieeoDynamics

w Equation of motion for a 1D atomic chain

d2
dtljﬁ = -g{2l’il1 t&-l Llll-il}

w Plane wave assumption
u,(t) ~ expgi(Kna- w)}
w Combine

B \Kun :%{Zun Us-s U i}

w Rearrange and write in matrix form

vl -H g ©

| is the identity matrix

m
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Harmonic Wiatrix

w Define thek matrix as

kl - HZU harm
i =
HU uj Here, g is the spring constant
- knn = -Zg
kn,n+1 - kn,n 1 :g

w Then, define the harmonic matrktas

H;, =——k;, noindexsummatior
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A armoniic Nt

f is spring constant divided by atomic mas:

1. H is not the same dynamical matrix used to determine the
dispersion curve (that matrix is the Fourier transform of H).

2. H is symmetric.

3. Sum of all elements in any row or sum of all elements in any
column is zero, except in the first and last row/column.
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