
 

Research team develops ultra-high sensitivity
nanoscale microwave detectors

April 11 2016

By using innovative magnetic materials, an international collaborative of
researchers has made a breakthrough in the development of microwave
detectors – devices that can sense weak microwave signals used for
mobile communications, radar, and other applications. The team's
detectors are compact and provide record-high sensitivity. They are
known as spin-torque microwave detectors (STMDs), as they use the
spin of electrons to detect microwave signals, unlike existing detectors,
which use the electron charge. The SINANO team's improved detector
has great potential to be used in future telecommunications, sensor
networks, and internet of things.

The STMD's core component is composed of two distinct magnetic
layers. One layer has a reference direction, meaning that its north and
south magnetic poles are fixed in space. The other layer's magnetic
direction can change in response to a microwave current flowing through
it. This allows the structure to produce a voltage in response to an
external microwave signal. The STMD's key advantage over existing
technologies is combining large detection sensitivity at low input power
to detect even very weak signals. It also combines energy efficiency with
nanoscale size.

To date, however, the detection sensitivity of STMDs has mainly relied
on the application of external magnetic fields, which hinders their
implementation for practical applications, necessitating the use of a
bulky permanent magnet.
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By using magnetic layers with perpendicular magnetic anisotropy –
similar to those used in spin-transfer torque magnetic memory (STT-
MRAM) – the SINANO team demonstrated a record-high detection
sensitivity at room temperature without any external bias fields, and for
low input power (micro-Watts or lower). The sensitivity is 20 times
higher than state-of-the-art Schottky diode detectors. This eliminates the
need to move large numbers of electrons through wires, and also
eliminates the need for permanent magnets or conducting coils to
provide the bias magnetic field, thus significantly saving both energy and
space. STMD devices can be scaled down to nano-meter size (0.07 μm2

in the study), which makes them potentially suitable for compact on-chip
microwave detectors.

"Previously, there had been no demonstration of an STMD with
sufficiently high detection sensitivity at low-input power, and
simultaneously without the need for an external magnetic field, hence
preventing practical applications," said the lead researcher Z. M. Zeng,
SINANO professor at the SINANO Nanofabrication Facility. "We have
realized all these requirements in a single device."

"High sensitivity for an ultralow microwave signal in zero magnetic field
is exciting for wireless applications. This work presents a new route for
the development of the next-generation of on-chip microwave
detectors." said co-author G. Finocchio, who is an assistant professor at
the University of Messina, Italy.

"Emerging spintronic devices have the potential to transform the
electronics industry, enabling dramatic improvements in energy
efficiency and performance. An immediate example is the fast-growing
area of nonvolatile magnetic memory (MRAM). This work shows that
spintronic devices may also provide practical value in a different class of
applications, namely nanoscale microwave detectors," said Pedram
Khalili, an adjunct assistant professor at UCLA and co-author of the
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paper. "These devices can be integrated within CMOS back-end
manufacturing processes, potentially enabling their integration in
systems on a chip."

The paper, "Giant spin-torque diode sensitivity in the absence of bias 
magnetic field" has been published online in the journal Nature
Communications.
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