Lattice Vibrations in Amorphous Thin
Films: A Path to Nanocomposite

Based Energy Conversion?
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Anomalous Heat Capacity of
Amorphous Solids
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Anomalous Low T Thermal Conductivity
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Tunneling Model
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Universality in Glassy Lattice Vibrations
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Source of Universality: Interactions
between tunneling states?
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Universality in Elastic Properties
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Elastic Properties of Thin Films
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Thermoelectric Nanostructures
S*oT
Kph + Kel

/1T =

+ 2
2m 2mya

X

(k ’k):hzki hzﬂ'z

2
3F a
( = —77) F,

F
-1/2 L.D. Hicks and M.S. Dresselhaus,

OF, Phys. Rev. B 47, 16631 (1993)
21;1—1/2

S kpTm!

BINGHAMTON

UNIVERSITY




Thermoelectric Nanostructures: Results
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Phonons in Nanostructures

phonon transport
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Low Energy Excitations at Thermoelectric
Surfaces

Diffuse Scattering Limit: Phonon
mean free path ~ nanowire
diameter

lattice vibration cladding layer

Lattice vibrgtion heat flow

Electron flow BINGHAMTON

UNIVERSITY

STATE UNIVERSITY OF NEW YORK




Nanocomposite Thermoelectrics?

Optimized phonon
scattering structure
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Electron Crystal - Phonon Glass
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Transparent Thermoelectric Energy
Generation?
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Conclusions

Source of the universal and anomalous lattice
vibrations in amorphous solids remains a
mystery - Individual tunneling entities seem
likely.

TLS can be created in solids to produce
phonon scattering (e.g. thin metal films).

ldeas can be extended to nanoelectronic
energy conversion devices to allow
iIndependent optimization of electronic and
thermal properties.

Are we close to creating artificial solids that
mimic complex materials found in nature?
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