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Light from within

Plasmonic interferometers that have light emitters within them could make for better, more compact
biosensors.
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A technique called plasmonic interferometry has the potential to enable
compact, ultra-sensitive biosensors for a variety of applications. A
fundamental advance made by Brown University engineers could help
make such devices more practical.

PROVIDENCE, R.l. [Brown University] — Imagine a hand-held environmental sensor that can
instantly test water for lead, E. coli, and pesticides all at the same time, or a biosensor that can
perform a complete blood workup from just a single drop. That’s the promise of nanoscale
plasmonic interferometry, a technique that combines nanotechnology with plasmonics—the
interaction between electrons in a metal and light.

Now researchers from Brown University’s School of Engineering have made an important

fundamental advance that could make such devices more practical. The research team has
developed a technique that eliminates the need for highly specialized external light sources that
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deliver coherent light, which the technique normally requires. The advance could enable more
versatile and more compact devices.

“It has always been assumed that coherent light was necessary for plasmonic interferometry,” said
Domenico Pacifici, a professor of engineering who oversaw the work with his postdoctoral
researcher Dongfang Li, and graduate student Jing Feng. “But we were able to disprove that
assumption.”

The research is described in Nature Scientific Reports.

Plasmonic interferometers make use of the interaction between light and surface plasmon
polaritons, density waves created when light energy rattles free electrons in a metal. One type of
interferometer looks like a bull’s-eye structure etched into a thin layer of metal. In the center is a
hole poked through the metal layer with a diameter of about 300 nanometers—about 1,000 times
smaller than the diameter of a human hair. The hole is encircled by a series of etched grooves, with
diameters of a few micrometers. Thousands of these bulls-eyes can be placed on a chip the size of
a fingernail.

When light from an external source is shown onto the surface of an interferometer, some of the
photons go through the central hole, while others are scattered by the grooves. Those scattered
photons generate surface plasmons that propagate through the metal inward toward the hole,
where they interact with photons passing through the hole. That creates an interference pattern in
the light emitted from the hole, which can be recorded by a detector beneath the metal surface.

When a liquid is deposited on top of an interferometer, the light and the surface plasmons
propagate through that liquid before they interfere with each other. That alters the interference
patterns picked up by the detector depending on the chemical makeup of the liquid or compounds
present in it. By using different sizes of groove rings around the hole, the interferometers can be
tuned to detect the signature of specific compounds or molecules. With the ability to put many
differently tuned interferometers on one chip, engineers can hypothetically make a versatile
detector.

Up to now, all plasmonic interferometers have required the use of highly specialized external light
sources that can deliver coherent light—beams in which light waves are parallel, have the same
wavelength, and travel in-phase (meaning the peaks and valleys of the waves are aligned). Without
coherent light sources, the interferometers cannot produce usable interference patterns. Those
kinds of light sources, however, tend to be bulky, expensive, and require careful alignment and
periodic recalibration to obtain a reliable optical response.

But Pacifici and his group have come up with a way to eliminate the need for external coherent
light. In the new method, fluorescent light-emitting atoms are integrated directly within the tiny
hole in the center of the interferometer. An external light source is still necessary to excite the
internal emitters, but it need not be a specialized coherent source.

“This is a whole new concept for optical interferometry,” Pacifici said, “an entirely new device.”
In this new device, incoherent light shown on the interferometer causes the fluorescent atoms

inside the center hole to generate surface plasmons. Those plasmons propagate outward from the
hole, bounce off the groove rings, and propagate back toward the hole after. Once a plasmon
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propagates back, it interacts with the atom that released it, causing an interference with the
directly transmitted photon. Because the emission of a photon and the generation of a plasmon are
indistinguishable, alternative paths originating from the same emitter, the process is naturally
coherent and interference can therefore occur even though the emitters are excited incoherently.

“The important thing here is that this is a self-interference process,” Pacifici said. “It doesn’t matter
that you're using incoherent light to excite the emitters, you still get a coherent process.”

In addition to eliminating the need for specialized external light sources, the approach has several
advantages, Pacifici said. Because the surface plasmons travel out from the hole and back again,
they probe the sample on top of the interferometer surface twice. That makes the device more
sensitive.

But that’s not the only advantage. In the new device, external light can be projected from
underneath the metal surface containing the interferometers instead of from above. That
eliminates the need for complex illumination architectures on top of the sensing surface, which
could make for easier integration into compact devices.

The embedded light emitters also eliminate the need to control the amount of sample liquid
deposited on the interferometer’s surface. Large droplets of liquid can cause lensing effects, a
bending of light that can scramble the results from the interferometer. Most plasmonic sensors
make use of tiny microfluidic channels to deliver a thin film of liquid to avoid lensing problems. But
with internal light emitters excited from the bottom surface, the external light never comes in
contact with the sample, so lensing effects are negated, as is the need for microfluidics.

Finally, the internal emitters produce a low intensity light. That’s good for probing delicate
samples, such as proteins, than can be damaged by high-intensity light.

More work is required to get the system out of the lab and into devices, and Pacifici and his team
plan to continue to refine the idea. The next step will be to try eliminating the external light source
altogether. It might be possible, the researchers say, to eventually excite the internal emitters
using tiny fiber optic lines, or perhaps electric current.

Still, this initial proof-of-concept is promising, Pacifici said.

“From a fundamental standpoint, we think this new device represents a significant step forward,”
he said, “a first demonstration of plasmonic interferometry with incoherent light."

The work was supported by National Science Foundation (CBET-1159255).

Note to Editors:

Editors: Brown University has a fiber link television studio available for domestic and international live and taped
interviews, and maintains an ISDN line for radio interviews. For more information, call (401) 863-2476.
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