
 

Low-cost, flexible terahertz radiation source
for fast and non-invasive screening
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The team’s low-cost THz radiation sources, which can be powered by a low-
power laser, present promising applications in spectroscopy, safety surveillance,
cancer diagnosis, imaging and communication. Credit: National University of
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Singapore

Portable handheld sensors for detecting explosives, wearable sensors that
can detect chemical agents, compact devices for fast and accurate
identification of defects in computing chips as well as advanced, non-
invasive imaging techniques that could detect tiny tumours could become
a reality sooner than expected as researchers around the world are
actively studying novel ways to exploit terahertz (THz) technology.
Giving a big boost to this global research effort is a major technological
breakthrough in terahertz technology achieved by researchers from the
National University of Singapore (NUS).

Led by Associate Professor Yang Hyunsoo and Dr Wu Yang from the
Department of Electrical and Computer Engineering at the NUS Faculty
of Engineering and NUS Nanoscience and Nanotechnology Institute, the
research team has successfully developed high performance and low-
power driven THz emitters that could be mass-produced at low cost,
addressing a critical challenge for industrial application of THz
technology. These THz emitters, which are used for the generation of
THz waves, can also function on flexible surfaces without compromising
on performance.

The research team published the findings of their study in the scientific
journal Advanced Materials on 25 January 2017. This invention was
achieved in collaboration with researchers from the Institute of Materials
Research and Engineering under Singapore's Agency for Science,
Technology and Research, as well as Tongji University in China.

"Our invention is a big step forward in THz technology and we believe
that this will greatly accelerate its application in various fields. For
instance, in the area of safety surveillance, our invention can contribute
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towards miniaturisation of bulky THz systems to be used in the detection
of dangerous chemicals and explosives for protection against hostile
threats. Affordable and high performance THz screening devices could
also improve disease diagnosis and benefit patients. Furthermore,
fabricating our device on a flexible surface also opens up many exciting
possibilities for it to be incorporated into wearable devices," explained
Assoc Prof Yang.

Making waves in terahertz

THz waves have attracted a lot of attention in the past two decades as
they have promising applications in a wide range of areas from
medicine, surveillance to computing and communication. THz waves,
which have wavelengths ranging from tens of microns to a few
millimetres, occupy the space between microwaves and infrared light
waves in the electromagnetic spectrum.

Being non-ionising as well as non-destructive, THz waves can pass
through non-conducting materials such as clothes, paper, wood and
brick, making them ideal for applications in areas such as cancer
diagnosis, detection of chemicals, drugs and explosives, coating analysis
and quality control of integrated circuit chips. However, current THz
sources are large, multi-component systems that are heavy and
expensive. Such systems are also hard to transport, operate, and
maintain.

Hence, the flexible, low-cost THz radiation sources developed by the
research team potentially paves the way for greater adoption of THz
technology and contribute towards the commercialisation of a wide
range of THz applications.

Low-cost, flexible and low-power driven THz emitters
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"Traditional methods of generating THz waves, such as through the
exciting of electro-optical crystals or photoconductive antennas, often
require expensive and bulky high power lasers or extremely expensive
and sophisticated device fabrication processes. Our team's THz emitters
have displayed better performance compared to existing devices in many
aspects. At the same time, we have also developed a fabrication process
to produce these novel THz emitters in large quantities at a low cost,"
said Dr Wu, who is the first author of the study.

Developed using metallic thin film heterostructures that are
12-nanometre in thickness, the novel radiation sources emit broadband
THz waves with a higher power output than a standard 500-micrometre
thick rigid electro-optical crystal emitter. In addition, the novel emitters
can be powered by a low-power laser, hence lowering the operating cost
substantially.

The research team also devised a novel, low-cost fabrication technique
to produce the emitters. A large wafer-scale film can be deposited and
subsequently diced to a large quantity of ready-to-use devices, thus
making this production method commercially scalable. The research
team also tested their device on flexible surfaces and found that its
performance was not compromised despite being subjected to a large
bending curvature.

Moving forward, the team plans to build a compact spectroscopy system
using THz technology based on its advanced THz emitters. The
researchers are also looking into enhancing THz emission for specific
wavelengths, which will be beneficial for a wide range of THz-related
studies and applications. The research team has filed a patent for the
invention and hopes to work with industry partners to further explore
various applications of this novel technology.

  More information: Yang Wu et al. High-Performance THz Emitters
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