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Nano Focus
Theoretical thermocrystals
control heat like sound

M

artin Maldovan of the Massachusetts Institute of Technology has
produced a theoretical framework that
could lead to improved control of heat
flow in materials. Thermocrystals, comprising alloys containing nanoparticles,
are materials that can manipulate thermal
energy flow by exploiting the coherent
reflections of phonons from internal surfaces. Potential applications including
heat waveguides, heat lensing, thermal
diodes, and thermal cloaking may become possible.
“The theory outlines a completely
new way of manipulating heat,” Maldovan says. “When they created photonic
crystals, it was a completely new way
of manipulating light. Then, they created phononic crystals as a completely
new way to manipulate sound. This is
equivalent to that, but for heat.”
The key to the theory, as reported
in the January 11 issue of Physical Review Letters (025902; DOI: 10.1103/
PhysRevLett.110.025902), is to transfer thermal energy flow from standard
short wavelength particle transport to
long wavelength wave transport—to
make “heat behave like light,” according to Maldovan. Particle transport occurs when a phonon hits an interface and
scatters diffusely in all directions. Wave
transport happens when a phonon hits an
interface and reflects and transmits co-

herently, like light in a mirror. Most of the
time, heat phonons are scattered diffusely when they encounter an interface because their wavelengths are so small. For
coherent scattering to occur, the interface
has to be almost perfect (defect-free),
rendering it almost impossible to make.
Instead of trying to make the perfect
interface, Maldovan decided to try to
make the phonon wavelength larger by
reducing its frequency. Such phonons
should transmit and reflect like light
from even an imperfect interface.
From previous experience, Maldovan
knew that in thermoelectrics, researchers
use alloys and nanoparticles in order to
block all frequencies of phonons. In this
work, he used Si1–xGex alloys with Ge
nanoparticles to block only select frequencies. The mass-difference scattering
in the alloy blocks some high-frequency
phonons, and the nanoparticles block another portion. “I use the nanoparticles in
such a way to kill only the really highfrequency phonons,” he says, “so the
nanoparticles in my case must be very,
very small.” In this work, he considered
Ge nanoparticles with 1 nm diameter.
After killing the high-frequency phonons, Maldovan’s theory was still left
with a large number of wavelengths of
heat that it could not handle, so he decided to narrow the frequency range by
requiring the material to be a thin film,
which kills the very low phonon frequencies. Having chopped off the highest and
lowest frequencies, the heat that was left
was concentrated into a narrow, interme-

diate band of wavelengths. Specifically,
for Si90Ge10 thermocrystal thin films containing Ge nanoparticles, the heat spectrum was concentrated into a relatively
narrow, low frequency window between
0.1 THz and 2.0 THz. Up to 40% of this
heat was restricted to a narrow hypersonic range of 100–300 GHz.
Next, Maldovan investigated the
design of periodic structures in the thin
films to better manage the flow of this
narrow range of heat frequencies, effectively engineering the thermal bandgap of these materials to match the heat
frequency range. He found that by patterning the film periodically with lattice
constants of 10 nm and 20 nm, the material could be tuned so that up to 23%
(for two-dimensional patterning) of the
thermal transport could be carried by
phonons with frequencies in the engineered thermal bandgaps.
“The idea was that once I had the heat
concentrated in a window, I wanted to
match those frequencies for heat to the
bandgap of a phononic crystal,” Maldovan says. “Then I can control heat as if
it is sound.”
Future work will include collaborating with experimental materials scientists
to try to produce thin films that might
verify this theory. Maldovan says that
although he focused on Si in this article,
the theory is applicable to a wide range
of materials, which he hopes experimentalists will be interested in exploring.
Tim Palucka
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IMPORTANT DATES
Abstract Submission Ends
April 16, 2013
Preregistration Opens
Late April, 2013
Preresistration Ends
Early August, 2013

Join us for the 10th International Conference on Nitride Semiconductors 2013 (ICNS-10). The conference will present
high-impact scientiﬁc and technological advances in materials and devices based on group-III nitride semiconductors.
Scientiﬁc Program
The six-day conference will concentrate on the following topical categories:
Bulk Crystal Growth
Theory and Simulation
Epitaxial Growth
Nanostructures

Light Emitting Devices
Optical and Electronic Properties
Processing and Fabrication
Electron Transport Devices


Defect Characterization and Engineering
Photovoltaics and Energy Harvesting
Structural Analysis

New Materials and New Device Concepts
For the most up-to-date information on ICNS-10, visit www.ICNS10.org.
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Ellipsometry Solutions for your Thin Film Characterization.

J.A. Woollam Co. has the world’s widest variety of Spectroscopic

Ellipsometers

8 different models to non-destructively characterize thin film thickness and optical
constants. After twenty-four years, over 15,000 samples characterized in our lab, and
over 140 patents – we are the Ellipsometry Experts.
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A great solution for routine
measurements of thin film

Characterize thin film
uniformity of large panels

The M-2000 line of
ellipsometers is engineered

The VASE is our most
accurate and versatile research

thickness and refractive
index. Designed for ease-ofuse: simply mount a sample,
choose the model that
matches your film, and press

with ease. The AccuMap-SE
combines a high-speed
M-2000 ellipsometer, wide
spectral range, and fast
mapping for large panels.

to meet the diverse demands
of thin film characterization.
An advanced optical design,
wide spectral range, and fast
data acquisition make it

ellipsometer for all types of
materials: semiconductors,
dielectrics, organics, metals,
multi-layers, and more. Now
available with the widest

“Measure”. Results are yours
within seconds.

Perfect for photovoltaic or
flat panel display thin films.

extremely powerful for in situ, spectral range from ultraviolet
in-line and ex situ applications. to infrared.

www.jawoollam.com • 402.477.7501 • 645 M Street, Lincoln, Nebraska USA
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