Nanoscale Knowledge: Discovering how small is different
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George Eastman House collection www.geh.org In stroboscopic photography, some motion is When a material is heated, the extra energy causes vibrations, called phonons, in the crystal

The shrinking size of the building blocks that make up today’s

. . : : : initiated (for example, when a bullet shoots lattice. In a bulk system, collisions among such phonons tend to transfer heat from hot regions to
u.blqu1t.ous electronic devices has g].ven us smartphones at our into an apple), and then captured by a time- colder regions. However, in tiny nano-systems, the phonons can travel through the system
fingertips that offer much more computing power than supercomputers delayed camera flash. However, the flash of without colliding with other phonons - a phenomenon that is called ballistic transport. One can
of past decades. However, to design smaller, faster and more efficient a standard camera is a million times too slow imagine that such a phonon will basically keep its excess energy to itself, leading to less
hard drives, transistors, energy harvesting and recovery systems, or to capture nanoscale motions. Instead we efficient heat dissipation than bulk models would predict.

use a femtosecond laser pulse as our ‘shot’
to excite a sample, and a second, shorter-
wavelength probe pulse to record what
happens in real time.

materials for nano-medicine, we need a better, more fundamental
understanding of how energy flows in nano-systems at unprecedented
small dimensions - length scales of only a few nanometers - where bulk
models of materials break down and where reliable measurement tools
or models do not yet exist. Moreover, heat and sound waves can move
through a tiny nano-system on time scales of picoseconds, or about
one hundred-billionth of the time it took you to read the word
‘picosecond’.

This effect becomes more important once the size, L, of the heat source (like a nanowire or a
transistor) is smaller than the phonon mean free path, A (the characteristic length scale for
collisions to take place), in the substrate below. When we compare large-L thermal decay of our
sighal (below, top left, black curve) to a bulk model (blue curve), they are quite consistent.
In our experiment, the excitation laser light However, for a small-L sample, the bulk model (blue curve, bottom left) decays much more
is absorbed by metallic nanostructures rapidly than the measured data (black curve).

leading to rapid heating, thermal expansion
and acoustic wave oscillations. The probe
light wavelength is small enough to offer the
resolution needed to see tiny features, and it
makes this measurement sensitive to shape
changes as small as a few picometers - less
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