
 

Researchers see electron waves in motion for
first time

June 9 2005

New imaging technique - a trillion times faster than conventional
techniques - advances field of plasmonics, could lead to better
semiconductors

Both the ancient art of stained glass and the cutting-edge field of
plasmonics rely on the oscillation of electrons in nanosized metal
particles. When light shines on such particles, it excites the
electromagnetic fields on the metal's surface, known as "surface
plasmons," and causes its electrons to oscillate in waves--producing the
rich hues of stained glass.

But because electrons move nearly as fast as light, those oscillations have
been difficult to observe and had never before been seen in motion.
Now, in a paper published in the current issue of the journal Nano
Letters, Pitt researchers have demonstrated a microscopy technique that
allows the movement of the plasmons to be seen for the first time, at a
resolution a trillion times better than conventional techniques.

Hrvoje Petek, professor of physics and astronomy at Pitt, and Hong Koo
Kim, Pitt professor of electrical and computer engineering, codirectors
of Pitt's Institute of NanoScience and Engineering, showed in their
paper, "Femtosecond Imaging of Surface Plasmon Dynamics in a
Nanostructured Silver Film," that it is indeed possible to achieve high-
resolution imaging through a combination of ultra-fast laser and electron
optic methods. Although theoretically possible, this technique had never
been demonstrated in practice.
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Petek and Kim used a pair of 10-femtosecond (one quadrillionth of a
second) laser pulses to induce the emission of electrons from the sample,
a nanostructured thin silver film. Scanning the pulse delay, they recorded
a movie of surface plasmon fields at 330 attoseconds (quintillionths of a
second) per frame. The video is available online at pubs.acs.org .

Their research is a boon to the emerging field of plasmonics. Currently,
semiconductor chips each contain "about a mile" of wires, said Petek.
When electrons carry electrical signals through such wires they collide
about every 10 nanometers. In part, this causes problems because the
chips give off too much heat. The solution may be to send the signal as
plasmon waves, which would lead to faster chips and less dissipation of
energy, Petek said.

Other researchers on the paper were Atsushi Kubo and Ken Onda,
postdoctoral research associates in Pitt's Department of Physics and
Astronomy, and Zhijun Sun and Yun S. Jung, doctoral students in Pitt's
Department of Electrical and Computer Engineering. All are affiliated
with the University's Institute of NanoScience and Engineering.
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