Dormant, Yet Always-Alert Sensor Awakes Only in the Presence of a Signal of Interest

Uzing virtually zero stand-by power, novel sensors could improve situational awareness for
warfighters, add smarts to Internet of Things
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Here's your task. Build a tiny sensor that detects a signature of infrared (IR) wav

characteristic of a hot tailpipe, 2 wood fire, or perhaps even a human being. Design the sensor 5o
that it can remain dormant and unattended but always alert, even for years, without drawing on
battery power. And build the sensor so that the act of detection itself can initiate the emission of a
signal that alerts warfighters, firefighters, or others that a “signal-of-interest™ has been detected. It's
just the sort of intelligence, reconnaissance, and surveillance (I5R) technology that can increase
situational awareness while minimizing the need for potentially dangerous maintenance missions to
replace run-down batteries.

Online today in the journal Nature Nanotechnology, a research team at Northeastern University, led
by Electrical and Computer Engineering Associate Professor Matteo Rinaldi, reports pulling off this
tall order of DARPA's Mear Fero Power RF and Sensor Gperation (N-ZERD) program with a device the
Boston team refers to as a “plasmonically-enhanced micromechanical photoswitch.”

"What is really interesting about the Mortheastern IR sensor technology is that, unlike conventional
SENS0rs, it consumes rero stand-by power when the IR wavelengths to be detected are not present,”
said Troy Qlsson, manager of the N-ZERD Program in DARPA's Microsystems Technology Office.
“When those IR wavelengths are present and impinge on the Northeastern team's IR sensor, the
enargy from the IR source heats the sensing elements which, in turn, causes physical movement of
key sensor components. These motions result in the mechanical closing of otherwise open circuit
elements, thereby leading to signals that the target IR signature has been detected.”

The sensor is a showease of clever physics and engineering, including a grid of nanoscale patches
whaose specific dimensions limit them to absorb only particular IR wavelengths. “The charge-based
excitations, called plasmons (that can be thought of somewhat like ripples on the surface of water),
are highly localized below the nanescale patches and effectively trap specific wavelengths of light




into the ultra-thin structure, inducing a relatively I3 rge and swift spike in its temperature,” Rinaldi
explained. These temperature spikes, in turn, lead to an upstream sequence of events that
culminates in circuit-completing deformations of other parts of the sensor.

“The technology features multiple sensing elements—each tuned to absorb a specific IR
wavelength,” Olsson noted. “Together, these combine into com plex logic circuits capable of
analyzing IR spectrums, which opens the way for these sensors to not only detect IR energy in the
environment but to specify if that energy derives from a fire, vehicle, person or some other IR
source.”

Consider the identification of vehicles from their IR emissions. Engines that burn gasoline or diesel
fuels emit specific compounds in their exhaust gases. Amaeng these compounds are €02, CO, HZ0,
various oxides of nitrogen and sulfur {NOx and 50x, respectively), and hydrocarbons such as
methane. “As a result, the infrared emission spectra of the heated tailpipe gases caming out of
vehicles such as trucks, cars or sircraft can by themselves act as a signature specific to a vehicle
type,” explained Zhenyun Qian, who has been warking with Rinaldi and other research team
members on the N-ZERD program.

A primary geal of the N-ZERD program is to develop fundamental technologies that apen the way to
new and more capable sensor systems relevant to national security. The NU team points out in its
Mature Nanotechnology paper that the same technology could become important over the coming
years as the Internet of Things expands to include hundreds of billions of devices, ranging from cars,
to appliances, to remotely deployed sensors. “The ca pability of consuming power only when useful
information is present will result in nea rly unlimited duration of operation for unattended SEnsors
deployed to detect infrequent but time-critical avents, with a groundbreaking impact on the
proliferation of the Intermet of Things,” the Northeastern resea rchers predict in their paper.

The paper, "Zero Power Infrared Digitizers Based on Flasmonically-enhanced Micromechanical
Fhotoswitches,” was posted anline today on Noture Nonotechnology web site

Image Caption: The micrograph features the multiple, wavelength-specific sensor patches that
enable this N-ZERQ device to copture infrared signatures of specific heat-emitting sources. Click on
image below for high-resclution,
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Near Zero Power RF and Sensor Operations [M-ZERD )
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state-of-the-art military sensors rely on “active electronics™ to detect vibration, light, sound or other
signals for situational awareness and to inform tactical planning and action. That means the sensors
constantly consume power, with much of that power spent processing what often turns out to be
irrelevant data. This power consumption limits sensors” useful lifetimes to a few weeks or months
with even the best batteries and has slowed the development of new sensor technologies and
capabilities. The chronic need to service or redeploy power-depleted sensors is not only costly and
time-consuming but also increases warfighter exposure to danger.




The Near Zera Power RF and Sensor Operations {M-ZERQ) program has the goal of developing the
technological foundation for persistent, eve nt-driven sensing capabilities in which the sensor can
remain dormant, with near-zer power consu mption, until awakened by an external trigger or
stimulus. Examples of relevant stimuli are aco ustic signatures of particular vehicle types or radic
signatures of specific com munications protocols. If successtul, the program could extend the [ifetinme
of remotely deployed communications and environmental sensors—also known as unattended
ground sensors [UGS)—from weeks or months to years.

N-7ERO will initially focus on twa broad areas. One centers on UGS capable of continuous monitoring
for infrequent events, with near 2ero power consumption, but that activate a conventicnal sensor
suite for further sensor data collection and processing when an event of interest is detected and
confirmed. Only then would significant power be drawn. The other broad area concentrates on radio
receivers that are continuously alert for friendly radio transmissions, but with near zero power
consumption when transmissions are not present. A comman feature of both focus areas is that the
sensing is continuous—no events of interest or communications are missed— and that power-
drawing confirmatory sensing and communications functions kick in only when triggered to do 50.

To break the paradigm of using active power to Sense infrequent, high-consequence events, the N-
ZERO program calls for the exploitation of the energy in the signal signature itself to detect and
discriminate the events of interest while rejecting nose and interference. This requires the
development of passive or event-powered sensors and signal-processing circuitry. The successtul
development of these technigues and components could enable deployments of sensors that can
remain “off” (that is, in a state that does not consume battery power), yet alert for detecting
signatures of interest, resulting in greatly extended durations of oparation.
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