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Teamwork makes light shine ever brighter

March 18 2021, by Mike Williams
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Electrical current and laser light combine at a gold nanogap to prompt a dramatic
burst of light. The phenomenon could be useful for nanophotonic switches in
computer chips and for advanced photocatalysts. Credit: the Natelson Research
Group

If you're looking for one technique to maximize photon output from
plasmons, stop. It takes two to wrangle.

Rice University physicists came across a phenomenon that boosts the
light from a nanoscale device more than 1,000 times greater than they
anticipated.

When looking at light coming from a plasmonic junction, a microscopic
gap between two gold nanowires, there are conditions in which applying
optical or electrical energy individually prompted only a modest amount
of light emission. Applying both together, however, caused a burst of
light that far exceeded the output under either individual stimulus.

The researchers led by Rice physicist Douglas Natelson and lead authors
Longji Cui and Yunxuan Zhu found the effect while following up
experiments that discovered driving current through the gap increased
the number of light-emitting 'hot carrier' electrons in the electrodes.

Now they know that adding energy from a laser to the same junction
makes it even brighter. The effect could be employed to make
nanophotonic switches for computer chips and for advanced

photocatalysts.

The details appear in the American Chemical Society journal Nano
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Letters.

"It's been known for a long time that it's possible to get a light emission
from these tiny structures," Natelson said. "In our previous work, we
showed that plasmons play an important role in generating very hot
charge carriers, equivalent to a couple of thousand degrees."

Plasmons are ripples of charge that carry energy, and when triggered,
flow across the surface of certain metals, including gold. In the voltage-
driven mechanism, electrons tunnel through the gap, exciting plasmons,
which leads to hot electrons recombining with electron "holes" and
emitting photons in the process.

Even though the effect seemed dramatic at the time, it paled in
comparison to the new discovery.

"I like the idea of '1+1=1,000," Natelson said. "You do two things, each
of which doesn't give you much light in this energy range, but together,
holy cow! There's a lot of light coming out."

The specific mechanisms are worthy of further study, he said. One
possibility is that optical and electrical drives combine to enhance the
generation of hot electrons. An alternative is that light emission gets a
boost via anti-Stokes electronic Raman scattering. In that process, light
input prompts already excited hot carriers to relax back to their ground
states, releasing more photons.

"Something interesting is going on there, where each of these individual
excitations is not enough to give you the amount of light coming out,"
Natelson said. "But put them together and the effective temperature is
much higher. That's one possible explanation: that the light output is an
exponential function of the temperature. Reaching that effective
temperature takes hundreds of femtoseconds.
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"The Raman mechanism is more subtle, where light comes in, grabs
energy from the voltage, and even stronger light leaves," he said. "That
happens even faster, so a time-dependent experiment could probably
help us figure out the dominant mechanism.

"The reason it's neat is that you can, in principle, couple the electrical
drive and light coming in to do all kinds of things," Natelson said. "If the
hot carrier picture is right, there's the possibility of doing some
interesting chemistry."

Co-authors of the paper are Peter Nordlander, the Wiess Chair in
Physics and Astronomy and a professor of electrical and computer
engineering and of materials science and nanoengineering at Rice, and
Massimiliano D1 Ventra, a professor of physics at the University of
California, San Diego. Cui, a former postdoctoral fellow at Rice, is now
an assistant professor of mechanical engineering and materials science
and engineering at the University of Colorado Boulder. Zhu is a graduate
student at Rice. Natelson is chair and a professor of physics and
astronomy and a professor of electrical and computer engineering and of
materials science and nanoengineering.

More information: Longji Cui et al, Thousand-fold Increase in
Plasmonic Light Emission via Combined Electronic and Optical
Excitations, Nano Letters (2021). DOI: 10.1021/acs.nanolett.1c00503
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