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Welcome!
Welcome to the first RADICAL project
newsletter. Our project aims to develop
electrical sensors for detecting atmospheric
radicals. Radicals are important for controlling
the quality of the air that we breathe.
Currently, only a few labs
world-wide can detect
atmospheric radicals at
low concentrations and the
equipment used by these
groups is often expensive,
complex and immobile.
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Despite delays due to the Covid
pandemic, the RADICAL team
has made good progress over
the last 12 months.
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Some of these research
highlights include the
fabrication of junctionless
transistors (JNTs) by HZDR, that
will act as the ‘electronic nose’
of our sensors, the creation of
the RADICAL website radical-air.eu - led by our
SME partner Smartcom and
the development of new
approaches for trapping radicals
on surfaces led by UY and NTUA.
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At UCC we have been busy
setting up an atmospheric
chamber and plan to
conduct our first sensor ‘test’
experiments over the coming
months.

Our achievements over the
last year have been made
possible by the great admin and
management support provided
by UCC Academy.

IN CONTRAST THE SENSORS
WE ARE DEVELOPING
IN RADICAL WILL BE
SIMPLE AND PORTABLE.
We hope you enjoy the
newsletter and if you want to
know more about RADICAL
then please follow us on
Twitter or LinkedIn, or get in
touch by sending an email to
info@radical-air.eu

@radical_air
radical-air
radical-air.eu

The RADICAL project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement number 899282.
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RADICAL is an EU-funded research project to develop a brand-new way of detecting
atmospheric radicals in real-time. This will be a small, low-cost electronic sensor that will
‘sniff’ out short-lived radicals such as hydroxyl and nitrate, which play a key intermediary role
in day- and night-time air quality.
This has never been done before, but if it works, our
new RADICAL sensors will be cheap, small, and able to
be deployed on a global scale. This will help scientists
better monitor and model the role of radicals in air
quality and climate change.
These sensors could also be adapted to detect other
types of gases with a wide range of potential applications
across manufacturing, health, and chemical industries.

RADICAL has received funding from the European
Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 899282.
It has a total budget of €3.2 million and will run for
four years from 1 November 2020.
The RADICAL project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement number 899282.

Meet the team

The RADICAL project is a collaboration between multidisciplinary partners across Europe including
University College of Cork (Ireland), HZDR (Germany), University of York (United Kingdom), National
Technical University of Athens (Greece), Smartcom (Bulgaria) and UCC Academy (Ireland).
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A Fundamental Breakthrough in
Responsibilities of the teams
Detecting Atmospheric Radicals.
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Silicon junctionless
nanowire transistors

Optimising radical
sensors in the lab
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• Future funding
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Organic layer to trap
atmospheric radicals

Testing sensors in air

• Simulating

• Outdoors
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www.radical-air.eu
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Communicating results
& building networks

• Atmospheric chambers

@radical_air

radical-air
UCC info@radical-air.eu
Materials Chemistry
and Analysis Group

The RADICAL project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement number 899282.

The Materials Chemistry and Analysis Group
(MCAG), led by Professor Justin Holmes,
is primarily based within the School of
Chemistry at University College Cork.
The primary research focus of MCAG is
to develop functional and sustainable
nanomaterials and devices for electronics,
optoelectronics, energy harvesting, energy
storage, catalysis, and plastic recycling.
MCAG is a large interdisciplinary research group
and houses researchers from different research
backgrounds such as synthetic chemistry,
surface chemistry, materials chemistry and
physics, and nanoelectronics.
MCAG has published more than 400 research
articles in reputed journals on the fabrication
and surface functionalisation of nanomaterials,
exploration of physical (including electrical
transport in nanostructure) and chemical
properties of nanomaterials, and nanomaterial
devices. This varied and multidisciplinary expertise
within MCAG is crucial for the successful implementation
of functionalised nanowire based transistors for
atmospheric radical detection.
UCC MCAG researchers will use this expertise to
assist HZDR and University of York in the development
of appropriate nanowire transistor device and
functionalisation approaches for •OH and •NO3
radical detection.
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With its in-house facilities, MCAG researchers will also
provide general materials and chemical analysis including
SEM, TEM, AFM, surface IR and Raman, PL measurements
as well as electrical measurements. Along with the help
of CRAC Lab researchers, MCAG will electrically test
and optimise the functionalised arrays of Si nanowire
transistor devices for atmospheric radical detection in
synthetic and ambient air.
www.ucc.ie/en/mcag/

Centre for Research into Atmospheric Chemistry

NTUA
The Computational Condensed
Matter Physics and Materials
Science Group (PI: Prof L.
Tsetseris) at the National Technical
University of Athens (Greece) has
long experience with modelling
many different types of materials
which are either used already
in established technologies or
have clear potential for emerging
applications in various fields.

The Centre for Research into Atmospheric Chemistry (CRAC), led by
Prof John Wenger, within the School of Chemistry at UCC has been in
existence for over 20 years and currently comprises 14 scientists.
The research activity of UCC-CRAC is
wide-ranging and encompasses;
(i) laboratory simulations of
homogeneous and heterogeneous
chemistry relevant to the
atmosphere;
(ii) field measurements of particulate
matter and bioaerosols to
determine composition,
properties, sources and their
effects on health and climate;
(iii) development of new instrumental
approaches for atmospheric
analysis.
The Centre has two laboratories,
three custom-built simulation
chambers for studying atmospheric
processes, and state-of-the-art
equipment including a range of gas
analysers and particle counters/
sizers, as well as Aerodyne timeof-flight chemical ionization mass
spectrometer (ToF-CIMS). Over the
years, researchers at CRAC have
developed several new techniques
including Incoherent Broadband
Cavity-Enhanced Absorption
Spectroscopy (IBBCEAS) for the
detection of trace gases and radicals
and a novel denuder-filter method
for the collection of gas and particle
phase carbonyl compounds.
CRAC is now well established as one
of Europe’s leading research groups
in atmospheric chemistry. The Centre
has been successful in obtaining over
€12M in funds from National and
European sources and currently has
active collaborations with institutes
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in Ireland, France, UK, India, China,
Germany, Switzerland, Spain, USA
and Japan. Over 30 PhD students
and 20 postdoctoral researchers
have “graduated” from CRAC-UCC
since its inception.
Over recent decades, atmospheric
chemistry has evolved from relying
on offline laboratory-based methods
to involving more and more
advanced online instrumentation
enabling recording of measurements
in real-time at very high temporal
resolution. Atmospheric monitoring
now routinely involves recording of
several hundred measurements every
second over weeks and months.
Consequently, the data analysis
involved in atmospheric science has
evolved to embrace methods based
on statistical analysis and machine
learning techniques suitable for very
big datasets. The work of the CRAC
has for many years involved analysis
of high-dimensional, complex
observational datasets and algorithm
development for data visualisation,
reporting and communication of
information to assist decision-makers.
The research team at UCC-CRAC has
extensive experience of designing,
conducting and interpreting
experiments in laboratory chambers
and will use all this expertise in
RADICAL, to ensure that the tests will
be performed successfully to achieve
the key objective of delivering
optimised Si nanowire devices for the
detection of •OH and •NO3 radicals.
www.ucc.ie/en/crac/

Using primarily quantum-mechanical
calculations within the so-called
Density Functional Theory (DFT)
approach and Molecular Dynamics
(MD) simulations, the group has
performed extensive studies on,
for example, standard electronic
materials (e.g. Si or Ge), organic
semiconductors, nanomaterials and
two-dimensional materials, oxides
and halide perovskites.
One of the main goals of the work at
NTUA is the assessment of materials
as building blocks in diverse types
of devices, such as solar cells,
transistors, light-emitting diodes,
laser printing, batteries, and others.
Within RADICAL, Dr Dimitrios Kaltsas
and Prof Tsetseris from NTUA have
been conducting DFT and MD studies
on the structural and electronic
properties of Si nanowires (NW)
and on the interactions between
atmospheric radicals and ambient
molecules with candidate sensing
groups which are anchored on the
facets of the NWs.
www.physics.ntua.gr/index_en.html

Smartcom
Smartcom is a privately
owned Bulgarian
company that specializes
in Microelectronics and Electronic
Design Automation, Carrier grade
telecom system integration and
Embedded Systems.
The RADICAL group of Smartcom
consists of recognized researchers
in the field of device modelling. The
role of Smartcom in the project is
related to simulation and design of
the Si JNT-based radical detectors:
(1) development of a TCAD model
of the junctionless transistor (JLT)
and (2) development of a compact
model of the JLT. smartcom.bg

Helmholtz-Zentrum Dresden-Rossendorf (HZDR)
Helmholtz-Zentrum Dresden-Rossendorf (HZDR) is a large governmental research institution, a member of the
Helmholtz Association of German Research Centres, located near Dresden and has facilities at three other sites in
Germany as well as in Grenoble, France. It is composed of 8 institutes, which conduct active research in 3 major
areas: energy, matter and health. More than 1200 people are employed at HZDR, including nearly 500 scientists
and 150 doctoral candidates from over 60 countries.
The Institute of Ion-Beam Physics
and Materials Research involved
in the project offers high-level
competences in the field of basic and
applied research on the synthesis,
modification, analysis and application
of a wide range of materials (from
semiconductors and oxides to
metals and magnetic materials,
from bulk materials and thin films to
nanostructures and 2D materials) by
ion beams, ion-assisted methods,
nanofabrication, short time annealing
and large variety of characterisation
techniques.
The group participating in the
RADICAL project is a part of the
Nanoelectronics Department
and has significant expertise
in nanofabrication as well as
in development, fabrication
and characterisation of novel
nanoelectronic devices based on
group IV (Si-Ge-Sn) semiconductor
nanowires. Within RADICAL it is
leading the WP1 Fabrication of
Si JNT devices contributing by
fabrication and characterisation of

sensor devices, conducting of sensing
experiments and the related analyses
and research activities. Additionally,
it will provide contributions to WP3
and WP4 in the optimisation of Si JNT
sensors for atmospheric radicals.
For performing the work planned
within RADICAL, the HZDR group is
using a wide range of state-of-the-art
equipment for material processing
including ion implantation combined
with furnace, rapid thermal, flash

lamp and laser annealing; a class
100 clean room and nanofabrication
facility where standard microand nanofabrication processing
is available such as thin film
deposition, electron beam
lithography and photolithography,
wet chemical and dry etching as
well as oxidation and diffusion.
The group has at its disposal
also a variety of techniques for
structural, chemical and electrical
characterisation including
scanning and transmission electron
microscopy (combined with energydispersive X-ray spectroscopy),
atomic force microscopy, MicroRaman spectroscopy, temperature
dependent photo-luminescence,
spectroscopic ellipsometry, X-Ray
diffraction, Rutherford backscattering
spectrometry, Fourier-transform
infrared spectroscopy, Terahertz
spectroscopy, temperature
dependent Hall measurements, sheet
resistance measurement, I-V and C-V
measurements, etc.
www.hzdr.de

University of York

UCC Academy

The Chechik group at the University of York has
expertise in a broad range of free radical chemistry
topics, from detection of radical intermediates and
EPR spectroscopy to radical mechanisms, synthetic
applications and stable free radicals.

UCC Academy is a diverse collective of over 60 highly
experienced project and programme managers, with
a strong track record of developing and securing
funding for sustainable EU research proposals.

Their role in the project is to synthesise organic molecules
for sensor coatings and optimise the structure of these
compounds to achieve best selectivity and strongest
electrical output for their reactions with atmospheric
radicals. The sensor coatings must also react with the
radicals with an optimum rate to get best compromise
between sensor longevity and sensitivity.
Apart from free radical chemistry, the York group has a
long-standing interest in the reactivity of nanomaterials
(e.g., in reactions involving free radicals). They have past
experience of working with nanoparticles, supramolecular
systems and self-assembled monolayers.
The expertise in this area enables the York team not only
to design and synthesise organic molecules, but also to
prepare model coatings and explore their reactivity.

RADICAL was one of these successful proposals back
in 2020, and UCC Academy continues to support the
project management and communications activities as a
consortium member. Dr Tamela Maciel is the RADICAL
Project Manager and leader of the Communication,
Dissemination, and Exploitation work package.

www.york.ac.uk/chemistry

www.ucc.ie/en/academy/
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How Atmospheric Radicals Transform the Air

BY JOHN WENGER, UCC
Atmospheric chemist and RADICAL team member, Professor John Wenger, describes the role that atmospheric
radicals play in air quality, and why we want to improve our radical detection methods.

All over the world, vast quantities of gases are
continuously being released into the air from a range of
man-made and natural sources. These emissions range
from combustion products like nitrogen dioxide and
carbon monoxide to volatile organic compounds (VOCs)
released from vegetation and automobile fuels. Thankfully,
the atmosphere has a natural ability to remove almost all
of these emissions, helping to clean the air in the process.

the action of sunlight on ozone and other species in air and
Radicals
peak concentrationsHow
therefore
occur around mid-day.

Transform the Air

How radicals transform
the air (day-time).
(day-time)

Radicals
OH Hydroxyl

Cleaner air…
• Less harmful
primary pollutants
• Removal of VOCs

This self-cleaning ability of the atmosphere is mainly
controlled by two naturally-occurring radical species in the
atmosphere – hydroxyl (OH) and nitrate (NO3). Radicals
are atoms or molecules with an unpaired electron, which
makes them highly reactive to other species.

Oxidized
Pollutant

Pollutant

Particles

RO2

Pollution
Nitrogen dioxide
Methane
Carbon monoxide
Sulfur dioxide
VOCs

O3

NO
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hv

NO2
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A remarkable feature of these radicals is that they
dominate the chemistry of the first 10 km of the
atmosphere (troposphere) even though they are only
present at concentrations around 1 part per trillion, i.e.,
there is only one radical in a trillion (1,000,000,000,000)
molecules of air!

O3

…or not quite
• Formation of secondary
pollutants (ozone, particles)
• Rainfall & dry deposition
(acidification, eutrophication)

Credit: RADICAL Project

A hydroxyl radical typically lives for around one second
before colliding and reacting with a gas molecule, initiating
its oxidation in the atmosphere. For example, over a few
days, hydroxyl converts nitrogen and sulfur dioxides to
nitric and sulfuric acid respectively, which can dissolve
in cloud water droplets and be removed from the air as
acid rain. Alternatively, nitric and sulfuric acid can also
be involved in the formation of atmospheric particulate
matter (PM), which impacts on both health and climate.
The RADICAL project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement number 899282.

Day-time radical chemistry
Hydroxyl is often called the “detergent of the atmosphere”
because it is extremely effective at removing gases in the
atmosphere. It does this through a series of chain reaction
cycles which both use up and regenerate the reactive
species (see figure below). Hydroxyl is mainly produced by
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A Fundamental Breakthrough in
Detecting Atmospheric Radicals.

Interestingly, hydroxyl does not react with carbon dioxide
(CO2), resulting in a very long atmospheric lifetime for
CO2 (20-200 years) and its status as the most important
greenhouse gas. While methane is also a greenhouse gas,
it does react with hydroxyl very slowly, yielding a lifetime
of around 12 years. The overall removal of methane from
the atmosphere occurs through a sequence of reactions
which first produce formaldehyde, then carbon monoxide
and finally carbon dioxide and water. The hydroxyl radical
is the key reactant in each of these chemical reactions.
In addition to methane, thousands of other volatile organic
compounds are emitted into the air and also react with the
hydroxyl radical. The reactions of these VOCs with hydroxyl
is generally much faster, typically occurring over hours to
days. Similar to the methane reaction, the atmospheric
transformation of VOCs also occurs in a stepwise manner,
often producing a large number of oxidized products.
Some of these products remain in the gas phase and

react further with hydroxyl to eventually produce carbon
dioxide and water. However, oxidation products with lower
volatility tend to produce secondary particles which can
scatter light and are responsible for the blue haze often
seen hanging in the air over forests and the hazy pollution
or photochemical smog first observed in Los Angeles.
The chemistry of VOCs is very complex and currently one
of the most challenging areas of atmospheric chemistry
research. The development of low-cost sensors for
hydroxyl and nitrate radicals, as envisaged in the RADICAL
project, would be real game changer by facilitating a
much wider range of laboratory studies and atmospheric
observations for advancing our knowledge in this critically
important area of atmospheric science.
READ MORE:
www.radical-air.eu/2021/06/17/how-atmosphericradicals-transform-the-air/

Creating an Electronic Nose
for Radicals
HUMAN
NOSE vs ELECTRONIC NOSE
BY JUSTIN HOLMES, UCC
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Materials chemist and RADICAL
coordinator, Professor Justin Holmes,
describes the field of ‘electronic
noses’ and how our RADICAL sensor
will build on recent innovations.

A

What is an electronic nose?
Our sense of smell comes from
specialised cells in the nose, called
olfactory sensory neurons, which
connect directly to our brains. When
airborne ‘smells’ such as the aroma
from fresh coffee stimulate these
neurons, they send electrical signals
to the brain which identifies the smell
as ‘coffee’.
In a similar manner, an electronic
nose (or e-nose) is an artificial gadget
that has been trained in the lab to
identify certain smells and mimic
the human nose. In an e-nose, an
airborne smell interacts with the
electrical circuitry of the device,
creating new electrical signals. These
signals are then sent to a computer to
identify the smell based on the unique
electrical patterns created.
Just like a human brain, a computer
can be trained to recognise smells
based on electrical patterns. The
electrical components of many
e-noses can be found in everyday
computers and mobile phones,
making them relatively cheap to
produce.
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Applications of electronic noses
E-noses have been adapted for many
types of gas detection. For example,
e-noses have been built to identify
the distinctive smells from paints,
perfumes, adhesives, air fresheners
and even some foods [1]. These smells
are all made of chemicals called
volatile organic compounds (VOCs)
because they evaporate easily at
room temperature.
Human breath also contains complex
mixtures of VOCs, caused by the
chemicals reactions of the body’s
metabolism. Hence e-noses have also
been used as rapid, non-invasive tools
for diagnosing certain diseases based
on the VOCs from exhaled breath [2].
For example, e-noses are able to
distinguish lung cancer patients

from healthy individuals [3] and can
classify human blood glucose levels as
healthy’, ‘pre-diabetes’, and ‘diabetes’,
based on VOCs from breath and urine
samples [4].
Electronic noses as environmental
monitors
Of particular interest to my team, the
Materials Chemistry and Analysis
Group, is the use of e-noses for
environmental monitoring. Especially
their potential to determine air quality
(both indoors and outdoors) and
identify pollutants.
While e-noses have had some success
in detecting pollutants like nitrogen
dioxide over varying temperature
and humidity ranges [10], so far these
sensors have tended to find greater
success in the detection of organic

Whilst most of our initial
studies in the project will
be conducted in an indoor
atmospheric chamber,
allowing us to control
environmental conditions,
we also plan to test
our sensors at outdoor
locations in Cork, Ireland.

pollutants (such as toluene
and formaldehyde) in water,
by measuring VOC emissions
in the air above the water [11].
But in order to truly use
e-noses as environmental
monitors, they must first be
adapted to detect VOC gases
in ‘real-life’ situations.
E-noses and the RADICAL
project
The aim of RADICAL is to create
an electronic nose to detect and
measure short-lived radicals in the
atmosphere, such as hydroxyl and
nitrate radicals.
Atmospheric radicals are the
drivers of chemical processes that
determine atmospheric composition

and thus influence local and global
air quality. But there are several
significant challenges with detecting
atmospheric radicals, as many of
these tend to be short-lived (up to
one second for hydroxyl radicals) and
are present in very low concentrations
(0.1 parts per trillion for hydroxyl
radicals).

If successful, our
sensors could advance
the understanding of
complex reactions in our
atmosphere, leading to
better monitoring and control of air
quality, for the benefit of citizens’
health and well-being.

Read more here:
https://radical-air.eu/2021/02/12/
what-is-an-electronic-nose/

Nanowire Sensor Modelling with Smartcom

BY GEORGE ANGELOV, SMARTCOM
So far, at Smartcom, we have
designed a 3D model of the
nanowire and varied the gate
length in order to estimate the
active device area.
The model employs the densitygradient theory to account for the
effect of quantum confinement in
the conventional formulation of the
drift-diffusion approximation, at a low
computational cost. The analysis of
the function of electron concentration
versus gate length proved that it is

desirable to use transistors with as
small gate length as possible.

model for initial simulation at
behavioural level.

We also have adapted a compact
model of the JLT based on the
equations of Berthome-Colinge. We
calibrated the model parameters
based on the TCAD simulations with
the addition of fitting coefficients to
fine-tune the matching between the
TCAD and ECAD models. Compact
model results have accuracy of
matching to technology simulations
that allows the use of the compact

When the prototypes are
characterized, the model will be
further elaborated to increase
the accuracy.

HUMAN NOSE vs ELECTRONIC NOSE
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Watch: Introducing
Smartcom by
scanning the QR
code with your
smart phone to go
directly to the link.

Simulating the Radical-Sensor Interactions with NTUA

BY LEONIDAS TSETSERIS, NTUA
Sensing of radicals by any device, in general, and by Si nanowires, in particular, is a complex phenomenon involving
a number of different steps. The NTUA computational modelling team has been studying in this first year of
RADICAL several key processes and systems which are integral parts of the consortium efforts towards the efficient
and selective detection of atmospheric radicals. The primary modelling tools employed are state-of-the-art quantum
mechanical calculations within the Density Functional Theory (DFT) approach, one of the best computational
methods to probe accurately physical and chemical processes at the atomic-scale.
The NTUA studies can be split
in two main groups, which are
interconnected and inter-dependent.
In the first set of studies, the NTUA
team has focused on the structural
and electronic properties of the
dominant facets of Si nanowires,
with or without a thin so-called
native oxide layer present. Particular
emphasis has been given to the
functionalisation of these facets with
self-assembled monolayers (SAMs)
which provide chemical groups
suitable for the sensing of radicals.
The calculations have probed the
morphology of candidate SAMs, e.g.
those shown in Fig. 1 for octadecene
molecules on the Si(111) surface.
Features of special importance here
is the level and nature of packing of
the molecules within the SAM and
the capacity (or lack thereof) of the
protruding chains to retain a more
or less upright position and facilitate
thus the reactions of any approaching
radicals with their end sensing groups.
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Figure 1. A self-assembled monolayer
(SAM) of octadecene molecules on
the Si(111) surface. Green spheres
highlight the C atoms of a particular
octadecene molecule that has bent
towards the substrate during finite
temperature Molecular Dynamics
simulations. (Si: orange, C: grey and
green, H: white spheres)

In the second set of studies, the
NTUA team has been investigating
the reactions between atmospheric
radicals (namely hydroxyl and
nitrate radicals) and other ambient
molecules (e.g., ozone) with various
sensing molecules. The efficiency of
these reactions has been assessed
with calculations of their reaction
and activation energies. In this
way, certain sensing molecules
can be selected and proposed for
experimental implementation if
the corresponding interaction with
atmospheric radicals is energetically
favourable and if it can easily be
activated at room temperature due
to a low reaction barrier. In fact, a
key goal for these studies has been
to identify sensing molecules which
can interact with OH and NO3 radicals
through barrier-less or almost barrierless processes, whereas the barriers
of their reactions with other ambient
molecules (e.g. O2 or H2O) are finite
(i.e. non-vanishing). This distinction
can enable the facile and selective
detection of radicals.

Creating the Nanowire Sensor Foundations with HZDR
BY SAYANTAN GHOSH, HZDR

Air quality and climate change are among the biggest societal challenges that we face today. Atmospheric free
radicals, particularly hydroxyl (•OH) and nitrate (•NO3), are the drivers of chemical processes that determine
atmospheric composition and thus influence local and global air quality and climate. Detecting and understanding
the behaviour of radical species in the atmosphere is therefore of paramount importance and hence a major research
goal in atmospheric science. Current techniques for measuring radicals are based on spectroscopic and mass
spectrometric methods, which although sensitive and robust, are technically complex, cumbersome, and expensive.

The above images show one such Si JNT device which is fabricated by RADICAL researchers Bilal Khan and Sayantan Ghosh in the HZDR
nanofabrication facility.

Silicon nanowire (Si NW) sensors are very promising
because of their fast, low-cost, label-free, real time
detection of chemical and biological species.
In particular, silicon junctionless nanowire transistors
(JNTs) have recently detected record low concentrations
(down to the zeptomolar range) of the protein streptavidin
in liquid phase. However, JNTs have not yet been tested
for sensing in gas phase.
The main aim of this project is to fabricate and
characterize JNTs for the detection of atmospheric
radicals. Our role at HZDR is to fabricate the Si JNT
devices and then optimize and further explore different
approaches in the process flow in the coming years.
Our main technical goals for creating these JNT sensor
foundations include:
1. High doping of the silicon-on-insulator (SOI) structures
with ion implantation and flash lamp annealing (FLA).
2. Top-down fabrication of Si JNT devices.
3. Initial electrical characterization of the devices based
on back-gated architecture.
In order to achieve these milestones in the very first
year, a complete ‘recipe’ (or process flow to use the
technical term) was designed which includes processes
like electron beam lithography (EBL), ultra-violet (UV)
lithography, wet and dry etching, ion implantation, FLA
and electron beam evaporation.
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Recipe for creating a nanowire sensor foundation:
Step 1. High doping of the silicon-on-insulator structures
using ion implantation and flash lamp annealing
To fabricate the JNTs, we used silicon-on-insulator (SOI)
substrates. SOI is made of layers of silicon-insulatorsilicon stacked on top of each other. The base material is
a p-doped silicon bulk with 102 nm of thermally grown
SiO2 on top. The layer on top of the oxide layer is a 20 nm
intrinsic silicon. It is referred to as “top silicon” or a “device
layer” since the electron devices are fabricated exactly in
this layer.
We doped the device layer using ion implantation and
flash lamp annealing (FLA) . The doping was done by
a chain implantation process to form box-like dopant
distribution across the top Si layer.
The targeted carrier concentration was in the range of
1019 cm-3. For p-type doping, boron (B) was used, while
for n-type doping we used phosphorus (P). We used
millisecond-range FLA to explore the activation of both
types of dopants and to heal the defects in the substrates
resulting from ion implantation.
The P dopants were successfully activated, giving the
active carrier concentration of about 1019 cm-3. However,
the B activation was unsuccessful due to the lightweight
nature of the B atoms. Further investigation is underway
for the B activation.

Step 2. Top-down fabrication of Si JNT devices
Si NW can be fabricated by two different methods known
as bottom-up and top-down approaches. Here at the
HZDR nanofabrication facility, we used the top-down
approach. Top-down fabrication produces nanowires
that can be placed in an orderly arrangement, making
the approach a suitable choice for large-scale production
and integration of nanowires in functional devices and
circuits. This involves successive subtractive procedures
on the SOI substrate, such as lithography and etching to
ultimately achieve a nanostructure.
The target devices in this project are Si JNTs, which have
silicon nanowire channels. We fabricated these nanowires
using the negative resist HSQ and EBL process. This
creates the nanowire patterns on the highly-doped SOI
substrate. Subsequent dry etching then transferred the
EBL patterns into the device layer to create the highlydoped nanowires. After this, we placed metal contacts
on both sides of the nanowires to act as source and

drain contacts. Currently we use nickel and gold as the
contact pad metals. We will continue to further optimize
this fabrication process in order to increase the overall
performance.
Step 3. Initial characterization of the devices based on
back-gating architecture.
Finally, we have carried out initial electrical
characterization of the fabricated devices by back gating.
We sweep a voltage through the back gate in a butterfly
loop of 30 V, while varying the drain source voltage
between 0.25 to 1.0 V. A leakage current analysis is also
carried out during the electrical measurements.
Our initial results have shown a good performance of the
Si JNT devices and their potential suitability for detection
of atmospheric free radicals. These initial promising
results based on the first batch of fabricated Si JNT
devices pave the way for further optimization of the final
devices in the next few years of the project.

Clean Air Day 2021
For Clean Air Day on 17th June,
RADICAL teamed up with UCC’s
Environmental Research Institute
to celebrate the importance of
clean air and air quality monitoring.
Why is clean air important?
We started the day by asking our
team and colleagues in air quality
research why clean air is important
to them.
Here are some of the responses:

Dr Marica Cassarino, lecturer in
applied psychology at UCC:
https://twitter.com/eriucc/
status/1405494081317449728?s=20
Dr Kian Mintz-Woo, lecturer in
philosophy at UCC:
https://twitter.com/eriucc/
status/1405469064860995585?s=20
RADICAL PhD researcher Vaishali
Vardhan, from UCC:
https://twitter.com/radical_air/
status/1405463982199099392?s=20

RADICAL project manager and
communications manager, Dr Tamela
Maciel, from UCC Academy:
https://twitter.com/radical_air/
status/1405448882478268417?s=20

#CleanAirDay

Radicals in the atmosphere

Air quality monitoring in Cork

We also launched two brand-new
diagrams that highlight the role of
atmospheric radicals in air quality,
in tandem with a guest blog from
Professor John Wenger, RADICAL
researcher and Director of the
UCC’s Centre for Research into
Atmospheric Chemistry (CRAC).

And last but not least, we highlighted
the recent launch of the Cork City
Air Quality dashboard, which gives
real-time, calibrated measurements
of Cork’s air quality. This was created
from a collaboration with RADICAL
researcher Dr Stig Hellebust, his
colleagues at the CRAC lab, and the
Cork City Council. We featured this
dashboard in a recent blog from Stig
Hellebust here: Air Quality Maps –
what to know before you use.

John does an excellent job of
describing the chemistry of radicals
in the atmosphere in greater detail
in his guest blog: How atmospheric
radicals transform the air. The
diagrams are also available to
download in the blog.
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To find out more about #CleanAirDay
visit: www.cleanairday.org.uk/

MEET THE RESEARCHER

RECENT CONFERENCES & EVENTS

Name: Dr Naeem Iqbal

FET BRIEFING – Research
Meets Industry
21 April 2021
Justin Holmes (UCC)
introduced RADICAL at
this matchmaking event
for FET projects focused
on materials for energy
and the environment. Read
more and download the
presentation:
https://bit.ly/3C6CqIC

Institution: University of York
Role: Research Associate
Background: I am an organic
chemist trained in the synthesis
and spectroscopic analysis
of small organic molecules.
I graduated a MS in Organic
Chemistry from the University
of Agriculture at Faisalabad in 2009. After completing
my PhD studies in 2016 with Prof Eun Jin Cho at Hanyang
University Ansan South Korea, I moved to Pakistan and
worked as Assistant Professor at National Institute for
Biotechnology and Genetic Engineering Faisalabad.
After that I secured the prestigious EPSRC funding for
postdoctoral fellowship at University of Nottingham
to work with Prof Hon Wai Lam. Later, I moved again
to South Korea to work as Research Professor at
Department of Chemistry Chung-Ang University Seoul.

RECENTLY I JOINED UNIVERSITY OF YORK AS A
POSTDOC RESEARCHER TO WORK ON THE
RADICAL PROJECT WITH PROF VICTOR CHECHIK IN
CONSULTATION WITH EUROPEAN COLLABORATORS.
My previous research efforts were dedicated towards
the advancement in organic chemistry through the
improvement of general catalysis approaches (Nickeland Photo-catalysis) and application of these unique
methodologies towards the synthesis of small organic
molecules which are otherwise challenging to access.
For example, photocatalytic approach was employed to
develop novel radical transformation for fluoroalkylation
of small organic molecules. As introduction of fluorine or
fluorine containing groups can dramatically enhance the
biological activity of the substrates such as lipophilicity,
binding selectivity, metabolic stability, and bioavailability
as compared to those of their nonﬂuoroalkylated
analogues. The second phase of my research was
focused on probing the role of P^N ligands in Ni-catalysis.
The electronic and structural impact of the P^N ligands
on Ni-reactivity and selectivity was exploited to develop
catalytic methods for the synthesis of pharmaceutically
important diverse heterocyclic compounds.
Research in RADICAL: My current role in the RADICAL
project is to synthesise different organic molecules for
sensor coatings and optimise the best suited structure(s)
of these compounds to achieve highest selectivity
towards certain type of radical and strongest electrical
output for their reactions with atmospheric radicals. The
sensor coatings must also react with the radicals with an
optimum rate to get best compromise between sensor
longevity and sensitivity.
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Environ 2021
16 June 2021
Vaishali Vardhan (UCC)
presented an overview
of “Electrical Detection
of Atmospheric Radicals”
at Environ 2021. Read
more and download the
presentation:
https://bit.ly/3ppRqhi
MIXDES Conference 2021
24-26 June 2021
George Angelov (Smartcom
Bulgaria AD) presented
their latest results on the
RADICAL sensor design, in
a paper entitled: “Study of
Nanowire Characteristics
of a Junctionless Transistor
Depending on the Gate
Length”. Read more and
download the open access
paper:
https://bit.ly/3Eh9FJX
18th International
Conference on
Nanosciences &
Nanotechnologies (NN21)
7 July 2021
Dimitrios Kaltsas (National
Technical University of
Athens), presented the
latest results on the
RADICAL sensor design in
a paper entitled: “Atomistic
studies on the detection
of atmospheric radicals
by functionalized silicon
nanowires”. Read more:
https://bit.ly/3b1leIF

IEEE 32nd International
Conference on
Microelectronics (MIEL)
12-14 September 2021
George Angelov (Smartcom
Bulgaria AD) presented
their latest results on the
RADICAL sensor design, in
a paper entitled: “COMSOL
Model of a Three-Gate
Junctionless Transistor”.
Read more and download
the open access paper:
https://bit.ly/3Eh9FJX
NanoNet+ Annual
Workshop 2021
21-23 September 2021
Sayantan Ghosh (HZDR),
presented their latest
results on the RADICAL
sensor fabrication
in a poster entitled:
“Fabrication and Initial
Electrical Characterisation
of Silicon Junctionless
Nanowire Transistors for
Gas Sensing”. Read more
and download the poster:
https://bit.ly/3Ga2LIj
35th Panhellenic
Conference on Solid State
Physics and Materials
Science
28 September 2021
Dimitrios Kaltsas (National
Technical University of
Athens) presented their
latest results on the
RADICAL sensor design in
a paper entitled: “Atomistic
modelling on the detection
of gas-phase radicals
by functionalized silicon
nanowires”. Read more:
https://bit.ly/3m0XFpD
‘Air Quality in Cork’ public
talk and Q&A
15 October 2021
RADICAL atmospheric
chemists organise this free
public talk about Cork’s air
quality. Read more:
radical-air.eu/2021/10/18/
air-quality-in-cork-publictalk-and-qa/

PRIZE FOR RADICAL PHD RESEARCHER AT ENVIRON 2021
Congratulations to RADICAL PhD researcher Vaishali Vardhan, who was awarded the CIWM Best Wastes and
Resources Management Presentation Award for her presentation on RADICAL at Environ 2021 in June 2021.
Environ 2021 is the 31st Annual
Irish Environmental Researchers
Colloquium. It’s the longest running
and largest forum for environmental
researchers in Ireland with almost
300 delegates attending the event
annually. It provides a high-visibility
platform for young and experienced
researchers to present their findings
to an audience drawn from academia,
government bodies and agencies, as
well as industry.
Vaishali presented an overview
of RADICAL in a talk entitled ‘A
fundamental breakthrough in
detecting atmospheric radicals’.
She further describes her research
motivations in this article below:
“Air quality and climate change
are among the biggest societal
challenges that we face today.
According to World Health
Organization, air pollution is the
single greatest environmental risk.
An estimated 7 million people globally
die prematurely each year due to air
pollution. The estimated economic
costs of air pollution in the Europe
are well over €20 billion a year.
Atmospheric free radicals, particularly
hydroxyl (OH) and nitrate (NO3), are
the drivers of chemical processes that
determine atmospheric composition
and thus influence local and global
air quality and climate.
Therefore, detecting and
understanding the behaviour of
radical species in the atmosphere is
important. Radicals are challenging

UCC has previously used
to detect because of
this type of electronic
their low mixing ratios,
nose sensor to detect
short lifetimes (only
streptavidin protein in
1 second for OH) and
liquids (Georgiev, Y. M. et
fast surface losses
al., Nanotech., 2019, 30,
during sampling.
324001). But this will be
Current techniques for
the first time that these
measuring radicals,
JNT sensors are used
which are based on
for detecting gases, in
spectroscopic and
VAISHALI VARDHA
N, RADICAL
PHD RESEARCHER,
the form of atmospheric
mass spectrometric
UCC
radicals. We will test the
methods, are
sensors in the new atmospheric
technically complex, cumbersome
chemistry chambers at ERI and UCC.
and expensive. As a result, the
measurement of atmospheric
The sensors will be a great
radicals is far from routine and only
breakthrough in atmospheric
a few research groups worldwide
monitoring. Once developed, the
can perform them in a very limited
sensors could be deployed at air
number of geographic locations.
monitoring stations around the
The motive of my Ph.D. is to develop
world to transform the way we
new sensors that can detect radicals
measure air quality. Better detection
through an innovative technique. My
of atmospheric radicals will help
Ph.D. is a part of EU-funded project
us to better understand air quality
called RADICAL, with six different
models, and therefore better predict
partner institutions across Europe
air pollution levels. This will lead to
and coordinated by Professor Justin
improved human health and
Holmes at UCC. The sensor platform
a cleaner environment. There are
will be built from silicon junctionless
also several spin-off applications
nanowire transistors (JNTs), which is
for these low-cost sensors. They
a technology first developed in Cork.
can be further adapted into other
These transistors will be coated with
areas such as measurement of
an organic layer to selectively trap
atmospheric pollutants (NH4, NO2
the radicals.
and SO2), and potentially be used to
detect free radicals in human body
When a radical interacts with the
and applications in food security
organic layer, it will change the
and surveillance.”
electric signal from the JNT, which
will be measured and analysed using
machine learning. This is similar
Vaishali’s presentation is available
to how an electronic nose works to
in the RADICAL open access data
electrically detect gases. My group at
repository on Zenodo.

RESEARCH RESOURCES
RADICAL is committed to Open Access research and is taking part in a European Commission pilot on Open Access
to Research Data.
All publications from the RADICAL
project are freely accessible and
published as open access articles
at either gold or green standard.
Our research publications and data
are stored in an open-access data
repository on Zenodo to enable
future researchers to access, exploit,

13

|

RADICAL NEWSLETTER

reproduce and disseminate our
data. This repository is validated as
Open Access by OpenAIRE, with an
associated OpenAIRE project page.
Access our research publications,
datasets, and related communication
materials here: RADICAL H2020
Project repository

Follow our progress & get in touch

Email: info@radical-air.eu
Website: radical-air.eu
Twitter: @radical_air
LinkedIn: /radical-air

