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MARIE Workshop

«THz in Medicine/Biomedical Engineering:
Are there New Research Opportunities?»

November 13t 2019
Mercator Saal, Mercator Haus
LotharstraBe 57, 47057 Duisburg

Universitat Duisburg-Essen

09:30 - 10:00 Welcome Coffee

10:00 - 10:45 Prof. Dr. Markus Clemens,
Lehrstuhl fur Theoretische Elektrotechnik
Bergische Universitat Wuppertal

« Simulation der Wirkung elektromagnetischer
Felder im Terahertz-Frequenzbereich auf
biologische Gewebe»

11:00 - 12:00 Prof. Dr. Norbert Klein,
Electromagnetic Materials and Sensors
Imperial College London

«Electromagnetic biosensors for liquid biopsies:
from AC to infrared>

12:00 - 13:00 Lunch

13:00 - 14:00 Prof. Dr. Enrique Castro Camus,
Laboratorio Nacional de Ciencia y Tecnologia de THz.
Leon, Mexico / A. v. Humboldt Fellow @ U Marburg

«Terahertz diagnostics in medicine and biology:
The case of the diabetic foot...and some other
examples»



14:00 - 15:30

Panel Discussion with

Prof. Dr. M. Clemens (U Wuppertal)

Prof. Dr. N. Klein (Imperial College London)

Prof. Dr. E. Castro Camus (THz Lab Leon, U Marburg)
Prof. Dr. K. Seidl (Fraunhofer IMS, Duisburg)

Prof. Dr. T. Kaiser (Sprecher MARIE, U Duisburg-Essen)
Prof. Dr. D. Erni (Moderation, U Duisburg-Essen)

THz in Medicine/Biomedical Engineering:
What is the potential for future MARIE projects?



Simulation der Wirkung elektromagnetischer Felder im Terahertz-Frequenzbereich
auf biologische Gewebe

Neue technischen Systeme, die den Terahertz (THz)-Frequenzbereich nutzen, befinden sich
aktuell in der Entwicklung und umfassen beispielsweise Sicherheitsscanner, medizin-
technische Gerate sowie Anwendungen in der Hochgeschwindigkeits-Datenubertragung,
insbesondere absehbar auch in zukinftigen Funkkommunikationssystemen der 6. Generation.
Da es durch die elektromagnetischen (EM) Feldemissionen dieser Systeme zur Exposition von
Menschen kommen kann, ist eine quantitative Bewertung der biologischen Wirkung
notwendig. Eine Computersimulation der Wirkung von EM-Feldern auf biologische Gewebe
im THz-Bereich kann in drei Schritten erfolgen:

Zunachst werden geometrische Modelle des exponierten Korperbereichs erstellt. Eine
Bestimmung der dielektrischen Materialdaten ist ab 100 GHz nicht mehr aus Messdaten in
der Literatur verfiugbar und wird daher mittels einer Mischtheorie aus den geometrischen und
dielektrischen Eigenschaften von Gewebehauptbestandteilen bestimmt. Hierauf basierend
erfolgen Simulationen von Expositionsszenarien dieses Modells durch EM-Felder im THz-
Frequenzbereich mit geeigneten numerischen Rechenverfahren. Uber die hieraus ermittelten
Verlustleistungsverteilungen werden mit thermodynamischen Simulationen Temperaturprofile
als MaB zur Beurteilung der Exposition bestimmt.

Dieser Verfahrensansatz wird an Korpergeweben der menschlichen Haut sowie des Auges
vorgestellt, wobei realistische Materialmodelle entwickelt und die relevanten Elemente
dieser Gewebe je nach ObjektgroBe mit einer Ortsauflosung teilweise bis auf die biologische
Zellebene berucksichtigt werden. Hierzu werden die computersimulierten raumlichen und
zeitlichen Verlaufe der elektrischen Feldstarke, der Spezifischen Absorptionsrate und der
Temperatur prasentiert.

Prof. Dr. Markus Clemens

Markus Clemens, geb. 1968 in Wittlich, studierte Technomathematik an
der Universitat Kai- serslautern und promovierte und habilitierte
anschlieBend zu den Themen Wissenschaftliches Rechnen und
Theoretische Elektrotechnik an der Technischen Universitat Darmstadt.
Seit 2009 leitet er den Lehrstuhl fur Theoretische Elektrotechnik in der
Fakultat Elektrotechnik, Informationstechnik und Medientechnik der
Bergischen Universitat Wuppertal. Seine Forschung ist spezialisiert auf die
Entwicklung und Anwendung numerischer Simulationsmethoden der
Theoretischen Elektrotechnik (Computational Electromagnetics) und
fokussiert sich auf Simulationen komplexer Systeme der elektrischen
Energieubertragungstechnik sowie auf rechnergestiitzte elektromagnetische Vertraglich-
keitsuntersuchungen in technischen Systemen sowie Umweltvertraglichkeitsuntersuchungen.




Electromagnetic biosensors for liquid biopsies: from AC to infrared

Abstract: Biosensors have a strong potential to revolutionize medical diagnostics through
fast and minimal invasive analysis of biological liquids with regards to their cellular and
macromolecular content. The specific interaction of molecular or cellular species with
electromagnetic radiation complements existing marker-based methods by offering a
pathway to sense physiological properties, such as size and hydration level of single cells,
but also surface charge and mass of macromolecular species like exosomes and viruses. The
detection of physiological disease markers can help to reduce the false alarm rates of marker
based methods, but also enable marker free detection in some cases.

Field confinement resulting in a sub-wavelength-sized interaction volume is often the key to
enable detection of sufficiently low concentrations or even single species. As an example,
using a split ring resonator with embedded microfluidics, the assessment of hydration levels
of single cells was demonstrated recently by us using a microwave cavity method at 10 GHz.
Employing a similar approach, our photonic crystal resonators at 100-200 GHz have a strong
potential for single cell measurements up to terahertz frequencies. Graphene technology
enables the combination of complementary detection schemes within one device: we have
demonstrated simultaneous detection of the surface charge and mass of exosomes via the
electric field effect in graphene - combined with mass detection via surface acoustic waves
at low gigahertz frequencies. The high mobility of graphene enables strong sub-wavelength
confinement at terahertz-to mid IR frequencies via tunable surface plasmons, which should
enable fingerprint detection of macro-molecular species.

Prof. Dr. Norbert Klein

Prof. Klein received his Diploma and PhD in Physics from University
of Wuppertal, and his Habilitation in Physics from Technical
University of Aachen. Before he joined the Department of
Materials at Imperial College London in 2009 as full professor and
Chair, he spent 19 years of his career at Juelich Research Centre
in a number of positions as group and division leader, where he
conducted pioneering scientific work on the microwave and
terahertz properties of superconductors, oxide dielectrics and
liquids. He also contributed to microwave engineering by his work
on dielectric resonators, filters and oscillators for wireless
communication. Based on this multidisciplinary experience, he
launched his spin-off company «Emisens» (www.emisens.com) in
2007, and commercialized a microwave liquid explosive detection system for airport
checkpoints. Prof Klein’s current research topics are in the area of biosensors and functional
materials, employing microfluidics in combination with electromagnetic detection and 2D
materials like graphene and other functional materials like piezoelectric aluminum nitride.
He is (co) author of over 200 scientific publications in refereed journals and key inventor in
about 15 German, EU and US patents.




Terahertz diagnostics in medicine and biology: The case of the diabetic foot...and
some other examples

During this talk | will present some of the recent work we have developed in the uses of THz
radiation in biomedical applications with particular emphasis in the study we have done in
order to develop a method for early diagnosis of the diabetic foot syndrome. | will present
also some of our work on the response of plants to drought, light and other external stimuli.

Prof. Dr. Enrique Castro Camus

1 | obtained a degree in Physics from Universidad Nacional

Autonoma de Mexico in 2002 and a D.Phil (PhD) in Condensed
Matter Physics from the University of Oxford. Since January
2009 | joined the photonics department at Centro de
Investigaciones en Optica (CIO) as a research professor. | am
National Researcher level Il and fellow of the Mexican Academy
of Sciences. In addition | am Associate Editor of Journal of
Infrared Millimeter and Terahertz Waves and editorial board
member of Scientific Reports. | been part of the organizing
committee of many international conferences and | was
general chair of the 42 IRMMW-THz 2017 conference held in
Cancun, Mexico. In 2006 | was awarded the Oxford Physics
Nicholas Kurty Prize, the Young Scientist Award from the
IRMMW-THz society in 2018 and the Alexander von Humboldt
Experienced Research Fellowship in 2019.

My research interests include the applications and development of terahertz spectroscopy
techniques with particular emphasis on the study of ultrafast charge transport in
semiconductors, spin injection in semiconductors, surface and interface non-linear optics as
well as low frequency vibrations of biomolecular systems. | am also focusing on exploring
uses of THz radiation in other disciplines such as biology, astronomy, conservation of objects
with cultural value, medicine and industry.



Directions to the Seminar Venue by Car
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Directions to the Seminar Venue by public transport

From Duisburg main station take the bus 933 towards Uni-Nord and get off at
Universitat.

From Duisburg main station take the bus 924 towards Sportpark and get off at
Universitat.

From Duisburg main station take the bus 926 towards Uni-Nord and get off at Uni
Nord Lotharstrale.
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