Heat and light get larger at the nanoscale
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Engineering and professor of applied physics. "This
is very exciting as it means that light could now
become a dominant heat transfer channel between
objects that usually exchange heat mostly through
conduction or convection. And, while other teams
have demonstrated heat transfer using light at the
nanoscale before, we are the first to reach
performances that could be used for energy
applications, such as directly converting heat to
electricity using photovoltaic cells."
All objects in our environment exchange heat with
their surroundings using light. This includes the
light coming at us from the sun, the glowing red
color of the heating element inside our toaster
ovens, or the "night vision" cameras that enable
image recording even in complete darkness. But
heat exchange using light is usually very weak
compared to what can be achieved by conduction
A video of the high-precision micro-electromechanical
(i.e., by simply putting two objects in contact with
system (MEMS) used to control the distance between
each other) or by convection (i.e., using hot air).
two beams at different temperatures. The video is taken Radiative heat transfer at nanoscale distances,
under a high magnification microscope. The whole video
while theorized, has been especially challenging to
frame dimension is comparable to the diameter of a
achieve because of the difficulty of maintaining
strand of human hair. Credit: Raphael St-Gelais, Lipson
large thermal gradients over nanometer-scale
Nanophotonics Group, Columbia Engineering
distances while avoiding other heat transfer
mechanisms like conduction.
In a new study recently published in Nature
Nanotechnology, researchers from Columbia
Engineering, Cornell, and Stanford have
demonstrated heat transfer can be made 100
times stronger than has been predicted, simply by
bringing two objects extremely close—at nanoscale
distances—without touching. Led by Columbia
Engineering's Michal Lipson and Stanford
Engineering's Shanhui Fan, the team used custommade ultra-high precision micro-mechanical
displacement controllers to achieve heat transfer
using light at the largest magnitude reported to
date between two parallel objects.
"At separations as small as 40 nanometers, we
achieved almost a 100-fold enhancement of heat
transfer compared to classical predictions," says
Lipson, Eugene Higgins Professor of Electrical

A schematic of two beams at different temperatures
exchanging heat using light. In the situation when the
beams are far from each other (left), heat transfer
resulting from thermal radiation is small. When the
beams are brought very close from each other (right)
heat transfer becomes almost 100 times larger than
predicted by conventional thermal radiation laws. Credit:
Raphael St-Gelais, Lipson Nanophotonics Group,
Columbia Engineering
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photovoltaic cell, for example—and by individually
controlling their out-of-plane displacement using
Lipson's team was able to bring objects at different MEMS actuators. The researchers are now looking
temperatures very close to each other—at distances at applying their same approach for ultra-highprecision displacement control, this time with an
smaller than 100 nanometers, or 1/1000th of the
diameter of a strand of human hair. They were able actual photovoltaic cell to generate electricity
directly from heat.
to demonstrate near-field radiative heat transfer
between parallel SiC (silicon carbide) nanobeams
"This very strong, non-contact, heat transfer
in the deep sub-wavelength regime. They used a
channel could be used for controlling the
high-precision micro-electromechanical system
(MEMS) to control the distance between the beams temperature of delicate nano devices that cannot
be touched, or for very efficiently converting heat to
and exploited the mechanical stability of
electricity by radiating large amounts of heat from a
nanobeams under high tensile stress to minimize
thermal buckling effects, thus keeping control of the hot object to a photovoltaic cell in its extreme
nanometer-scale separation even at large thermal proximity," Lipson adds. "And if we can shine a
large amount of heat in the form of light from a hot
gradients.
object to a photovoltaic cell, we could potentially
create compact modules for direct conversion of
Using this approach, the team was able to bring
heat to electrical power. These modules could be
two parallel objects at different temperatures to
used inside cars, for instance, to convert wasted
distances as small as 42 nm without touching. In
heat from the combustion engine back to useful
this case they observed that the heat transfer
electrical power. We could also use them in our
between the objects was close to 100 times
homes to generate electricity from alternative
stronger that what is predicted by conventional
thermal radiation laws (i.e. "blackbody radiation"). energy sources such as biofuels and stored solar
energy."
They were able to repeat this experiment for
temperature differences as high as 260oC (500oF)
between the two objects. Such high temperature
More information: Raphael St-Gelais et al. Neardifference is especially important for energy
field radiative heat transfer between parallel
conversion applications since, in these cases, the structures in the deep subwavelength regime,
conversion efficiency is always proportional to the Nature Nanotechnology (2016). DOI:
thermal difference between the hot and the cold
10.1038/nnano.2016.20
objects involved.
"An important implication of our work is that thermal
radiation can now be used as a dominant heat
Provided by Columbia University School of
transfer mechanism between objects at different
Engineering and Applied Science
temperatures," explains Raphael St-Gelais, the
study's lead author and postdoctoral fellow working
with Lipson at Columbia Engineering. "This means
that we can control heat flow with a lot of the same
techniques we have for manipulating light. This is a
big deal since there are a lot of interesting things
we can do with light, such as converting it to
electricity using photovoltaic cells."
St-Gelais and Linxiao Zhu, who co-authored the
study and is a PhD candidate in Fan's group at
Stanford, note that the team's approach can be
scaled up to a larger effective area by simply
arraying several nanobeams—on top of a
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