
 
 
 

WELCOME TO CARBONHAGEN 2019 
 
CBH2019 is the ninth research symposium focusing on carbon nanotubes, graphene and other low-dimensional 
materials, organized jointly by the Technical University of Denmark, University of Copenhagen.  
 
The meeting features keynote talks that overviews important parts of the field (45 minutes) and invited talks for 
in-depth presentations of specific areas or results (30 minutes). All speakers are encouraged to share not just their 
accomplishments but also their concerns, the caveats, the unsolved problems, and the unanswered questions. 
 
The contributed talks are singularly focused scientific reports on state of the art research with a length of 15 
minutes.  
 
The poster session is a crucial part of the Carbonhagen meeting – here researchers can interact informally and ask 
all the questions they want to the researchers who did the work. The posters are divided into two sessions to focus 
the attention onto fewer posters, and to make it more engaging for speakers and audience alike. The 2019 posters 
are of high quality, and we encourage you all to go “all in” and make it a memorable event – and give the presenters 
challenging questions and feedback on their hard work. 
 
We are as always indebted to sponsors and exhibitors for supporting the conference and we encourage you to 
meet them and hear what they have to offer to boost your research. Please also see the information on the exhibitors 
in the back of this document.  
 
Finally, we hope you enjoy the talks, the posters, the food and coffee, Copenhagen and above all the company of 
inspiring colleagues. Welcome to Carbonhagen 2019! 
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ABOUT THE CARBONHAGEN MEETING 
 
THE MEETING 
Our aim is that talks at this conference should not only discuss their recent achievements but also ongoing work 
and future possibilities.  
We encourage the speakers to share not just the scientific results, but also ideas, emerging concepts, unsolved 
problems, technical challenges and so on.  
We encourage you to reflect on what you hear, and to approach your colleagues with questions and suggestions. 
 

 Keynote talks, which will overview exciting areas of carbon nanomaterial research 
 Invited talks, which will explain challenges as well as accomplishments 
 Short sessions and room for discussion - we try to keep the sessions between 60 and 90 minutes - leaving 

time to reflect, discuss in the breaks, clear the mind and stretch the legs 
 We offer lunch both days 
 We will keep you topped up on water, coffee and snacks, and let you focus on the scientific content 

 
 
WHERE 
The meeting takes place at the Lundbeckfond Auditorium at Copenhagen University, Ole Maaløes Vej 5, 2200 Co-
penhagen N. 
 
ORGANIZERS AND PROGRAMME COMMITTEE 
Coordination and Scientific programme  Administration 

                                      
 
Coordination and Scientific programme 
Peter Bøggild (chair), Technical University of Denmark (pbog@dtu.dk) 
Antti-Pekka Jauho, Technical University of Denmark (antti@dtu.dk) 
Kristen Kaasbjerg, Technical University of Denmark (kkaa@dtu.dk)  
Bo Wegge Laursen, University of Copenhagen (bwl@chem.ku.dk) 
 
Administration 
Kirsten Bruus, Technical University of Denmark (knbruus@fysik.dtu.dk) 
Michala Yun-Joo Schlichtkrull, University of Copenhagen (mys@chem.ku.dk) 
Louise Mørch Mortensen, Technical University of Denmark (lomor@dtu.dk)  
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SPONSORS AND EXHIBITORS 
 
 

COMPANY EXHIBITORS 
                
  
 
 

 

 
 
 

 
FUNDING AGENCIES 

 
 
 
 
 

 

 
 

 
UNIVERSITY SPONSORS 
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PROGRAMME 
 

WEDNESDAY AUGUST 21 – The Lundbeckfond Auditorium 
 

8:00 COFFEE AND REGISTRATION 

9:00 Welcome address 
SESSION 1: Louie, Mugarza 
9:15 Steven G. Louie: Interaction and Topological effects in atomically thin 1D & 2D materials 

10:00 Aitor Mugarza: Tailoring structural and electronic properties of graphene nanostructures with atomic precision 

10:30 COFFEE BREAK 

SESSION 2: Drndic, Ghosh, Slizovskiy 

11:00 Marija Drndic: Once upon a time, there was a 2D nanopore 

11:30 Avik Ghosh: Electronic switching using Tunable Dirac fermion optics 

11:45 Sergey Slizovskiy: Surface states of Bernal and rhombohedral graphite 

12:00 LUNCH 

SESSION 3: Koppens, Radenovic, Bogani, Scheffler 

13:00 Frank Koppens: Topological plasmons, polaritonic metasurfaces and twist-plasmonics 

13:45 Aleksandra Radenovic: Nanoscopy of 2D materials 

14:15 Lapo Bogani: Topological effects in the quantum transport of molecular graphene nanoribbons 

14:30 Martha Scheffler: Graphene-coating of Platinum nanoparticles 

14:45 COFFEE BREAK 

SESSION 4: Hone, Vijayaraghavan 

15:15 James Hone: Approaching the Intrinsic Limit in Transition Metal Dichalcogenide van der Waals Heterostructures 

16:00 Aravind Vijayaraghavan: Capacitive pressure and touch sensors with suspended graphene-polymer heterostructure 
membranes 

16:30 COFFEE BREAK 
SESSION 4: Russo, Taghizadeh, Gammelgaard 

16.50 Saverio Russo: The new silicon 

17:20 Alireza Taghizadeh: Anomalous excitonic signature in nonlinear spin Hall current of monolayer TMDs 

17:35 Lene Gammelgaard: Lithographic band structure engineering of graphene 

POSTER SESSION and DINNER 

17.50 Poster session A and refreshments 

19:00 Bus to conference dinner 

19.30 Conference dinner at Café Ofelia in Copenhagen 
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THURSDAY AUGUST 22 – The Lundbeckfond Auditorium 
 

8:30 COFFEE and CROISSANTS  

SESSION 6: Akinwande, Casiraghi, Illiut 

9:00 Deji Akinwande: Adventures with 2D materials for unconventional applications 

9.45 Cinzia Casiraghi: Water-based and biocompatible 2D-inks for all-inkjet printed devices 

10.15 Maria Iliut: Graphene-enhanced elastomers and their applications 

10:30 COFFEE BREAK 

SESSION 7: Kazakova, Epstein, Joost 

11:00 Olga Kazakova: Graphene sensors for ultrasensitive environmental monitoring 

11:30 Itai Epstein: Extremely Efficient Light-Exciton Interaction in a Monolayer Semiconductor Van der Waals Heterostructure 
Cavity 

11:45 Jan-Philip Joost: Correlation Effects and the Topological Band Structure of Graphene Nanoribbon Heterojunctions 

12:00 LUNCH 

POSTER SESSION 

13:00 Poster session B and refreshments 

SESSION 8: Castro Neto, Pellegrini 

14:00 Antonio Castro Neto: The Worldwide Graphene Flake Production 

14:45 Vittorio Pellegrini: Graphene-based electrodes for high-power Li-ion batteries 

15:15 COFFEE BREAK 

SESSION 9: Chen, Pedersen, Ritter 

15:45 Yong P. Chen: Manipulating Dirac Cones - from twisted bilayer graphene to hybridized topological insulator 

16:15 Kasper Pedersen: Non-Innocent Approaches to 2D Conductive Magnets 

16:45 Viktoria Ritter: Silicene passivation by few-layer graphene 

FINALE 

17:00 Awards and closing remarks 

The programme ends at 17:10 

 

  



CARBONHAGEN 2019 

8 

KEYNOTE TALKS 
 

Steven G. Louie: Interaction and Topological Effects in Atomically Thin 
1D & 2D Materials 
Physics Department, University of California at Berkeley, and Lawrence Berkeley National Lab, Berkeley, California 
94720 U.S.A. 

Symmetry, interaction and 
topological effects, as well 
as environmental screen-
ing, dominate many quan-
tum properties of reduced-
dimensional systems, lead-
ing often to manifestation 
of counter-intuitive con-
cepts and phenomena that 
may not be so prominent 
or have not been seen in 
bulk materials.  In this talk, I 

present some fascinating discoveries in recent studies of atomically thin one-dimensional (1D) and two-dimensional 
(2D) materials. A number of interesting and unexpected behaviors have been found – e.g., strongly bound excitons 
(electron-hole pairs) with unusual energy level structures and new topology-dictated optical selection rules, tunable 
magnetism and plasmonic properties, novel topological phases, correlated multi-particle excitations, excitonic shift 
currents, etc. – adding to the promise of these 1D and 2D materials for exploration of new science and valuable 
applications. 
 
 

Professor Steven G. Louie received his Ph.D. in physics from the University 
of California at Berkeley (UC Berkeley) in 1976. After having worked at 
the IBM Watson Research Center, Bell Labs, and U of Penn, he joined the 
UC Berkeley faculty in 1980, where he is professor of physics and concur-
rently a faculty senior scientist at the Lawrence Berkeley National Lab. He 
is an elected member of the National Academy of Sciences, the American 
Academy of Arts & Sciences, and the Academia Sinica (Taiwan), as well 
as a fellow of the American Physical Society (APS), the American Associ-
ation for the Advancement of Science, and the Materials Research Soci-
ety.  Among his other honors, he is recipient of the APS Aneesur Rahman 
Prize for Computational Physics, the APS Davisson-Germer Prize in Sur-
face Physics, the Materials Theory Award of the Materials Research Soci-
ety, the Foresight Institute Richard P. Feynman Prize in Nanotechnology, 
the U.S. Department of Energy Award for Sustained Outstanding Re-
search in Solid State Physics, as well as Jubilee Professor of the Chalmers 
University of Technology in Sweden and H. C. Ørsted Lecturer of the 
Technical University of Denmark.  Professor Louie’s research spans a 
broad spectrum of topics in theoretical condensed matter physics and 

nanoscience. He is known for his groundbreaking work on the ab initio GW method and for his seminal work on 
surfaces and interfaces, nanostructures, and reduced-dimensional systems. 
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Frank Koppens: Topological plasmons, polaritonic metasurfaces and 
twist-plasmonics 
ICFO-Institut de Ciencies Fotoniques, The Barcelona Institute of Science and Technology, 08860 Castelldefels (Barce-
lona), Spain 2ICREA – Institució Catalana de Recerça i Estudis Avancats, Barcelona, Spain. Frank.koppens@icfo.eu 
 

Several two-dimensional materials are model systems with tunable topo-
logical electronic bands that exist only in a few exotic materials. Here, we 
will discuss the progress and prospects of topological nanophotonics with 
two-dimensional materials.  We exploit THz and infrared near-field imaging 
and spectroscopy techniques to directly spatially visualize the strongly 
compress optical modes at topological interfaces, polariton propagation 
and effects of disorder. 
We also discuss the nanophotonic properties of twisted bilayer graphene, 
which has demonstrated unconventional superconductivity when twisted 
with specific “magic” angles. 
Topological nanophotonics may enable novel future applications in minia-
turized photonic isolators, diodes and logic circuits and could lead to com-
pletely new concepts for communication systems, optical transistors and 
optical information processing. 
 
 
 

 
Prof. Frank Koppens obtained his PhD in experimental physics at Delft University, at the 
Kavli Institute of Nanoscience, The Netherlands.  After a postdoctoral fellowship at Harvard 
University, Since August 2010, Koppens is group leader at the Institute of Photonic Sciences 
(ICFO).  The quantum nano-optoelectronics group of Prof. Koppens focuses on both sci-
ence and technology of novel two-dimensional materials and quantum materials.  Prof. 
Koppens is vice-chairman of the executive board of the graphene flagship program, a 1000 
Million Euro project for 10 years. He is also the leader of the optoelectronics workpackage 
within the flagship.  Prof. Koppens holds a GSMA Chair with activities related to the Mobile 
World Congress. Koppens has received five ERC awards: the ERC starting grant, the ERC 
consolidator grant, and three ERC proof-of-concept grants. Other awards include the Chris-
tiaan Hugyensprijs 2012, the national award for research in Spain, and the IUPAP young 

scientist prize in optics. In total, Koppens has published more than 70 refereed papers (H-index above 47), with 
more than 35 in Science and Nature family journals. Total citations >17.500 (google scholar). 
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James Hone: Approaching the Intrinsic Limit in Transition Metal  
Dichalcogenide van der Waals Heterostructures 
Department of Mechanical Engineering, Columbia University 

Studying the intrinsic behavior 2D 
materials requires attention to both 
external and internal sources of dis-
order. This talk will first review the 
techniques used to create clean het-
erostructures with hBN to reduce en-
vironmental disorder. In graphene, 
ten years of progress has led to de-
vice performance now rivaling he 
highest-quality GaAs-based hetero-

structures.  Semiconducting transition metal dichalcogenides (TMDs) also benefit from hBN encapsulation but are 
limited by atomic defects.  The types and density of atomic defects in TMDs will be reviewed, as well as progress in 
synthesis of TMDs with dramatically lower defect density.  Combining higher crystal quality and clean encapsulation 
allows observation of greatly enhanced optical properties, including near-unity photoluminescence quantum yield, 
and long excited-state lifetime in TMD heterostructures. In addition, electronic transport measurements show im-
proved carrier mobility and reveal many new details of the Landau spectra, including observation of fractional quan-
tum Hall states in monolayer TMDs.   
 

James Hone is currently Wang Fong-Jen Professor of Mechanical Engineer-
ing at Columbia University, and director of PAS3, Columbia’s Materials Sci-
ence Research and Engineering Center (MRSEC).  He received his BS in phys-
ics from Yale in 1990, and PhD in experimental condensed matter physics 
from UC Berkeley in 1998, and did postdoctoral work at the University of 
Pennsylvania and Caltech, where he was a Millikan Fellow.  He joined the 
Columbia faculty in 2003.    
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Antonio Castro Neto: The Worldwide Graphene Flake Production 
Department of Electrical and Computer Engineering at National University of Singapore 

 
There are hundreds of compa-
nies worldwide claiming to pro-
duce “graphene,” showing a 
large variation in its properties. 
A systematic and reliable proto-
col is developed to test gra-
phene quality using electron mi-
croscopy, atomic force micros-
copy, Raman spectroscopy, ele-
mental analysis, X-ray photoe-
lectron spectrometry, and scan-
ning and transmission electron 

microscopy, which is used to study graphene from 60 producers. The statistical nature of the liquid-phase exfoliation 
of graphite is established. It is shown that the current classification of graphene flakes used in the market is errone-
ous. A new classification is proposed in terms of distribution functions for number of layers and flake size. It is shown 
unequivocally that the quality of the graphene produced in the world today is rather poor, not optimal for most 
applications, and most companies are producing graphite microplatelets. This is possibly the main reason for the 
slow development of graphene applications, which usually require a customized solution in terms of graphene 
properties. It is argued that the creation of stringent standards for graphene characterization and production, taking 
into account both the physical properties, as well as the requirements from the particular application, is the only 
way forward to create a healthy and reliable worldwide graphene market.  
 

Prof. Antonio H. Castro Neto got his Ph.D. in Physics at University of 
Illinois at UrbanaChampaign in 1994. In 1994, he moved to the In-
stitute for Theoretical Physics at the University of California at Santa 
Barbara as a postdoctoral fellow. In 1995, he became an Assistant 
Professor at University of California at Riverside. In 2000, he moved 
to Boston University as Professor of Physics. At Boston, Prof. Castro 
Neto became one of the leading theorists in the study of graphene 
and other two dimensional materials. Since 2010, Prof. Castro Neto 
is the Director of the Graphene Research Center and in 2014 he be-
came Director of the Centre for Advanced 2D Materials funded by 
the National Research Foundation of Singapore. Prof. Castro Neto 
is a Distinguished Professor in the Physics Department and in the 
Department of Material Science Engineering, he is also Professor at 

the Department of Electrical and Computer Engineering, at the National University of Singapore. In 2003, Prof. Castro 
Neto was elected a fellow of the American Physical Society (APS) and in 2011 he was elected a fellow of the American 
Association for the Advancement of Science (AAAS). He is the Colloquia Editor for Reviews of Modern Physics, and 
member of the Editorial Board of “Chinese Physics B” and “Acta Physica Sinica”. Prof. Castro Neto was awarded the 
11th Ross J. Martin Award by the University of Illinois at Urbana-Champaign; the University of California Regent 
Fellowship; the Alfred P. Sloan Research Fellowship; the visiting Miller Professorship by the University of California, 
Berkeley; the visiting Gordon Godfrey Professorship by the University of New South Wales, Australia; the Distin-
guished Visiting Chair Professor at the SKKU Advanced Institute of Nano-Technology (SAINT), South Korea; the 
Hsun Lee Lecture Award by the Institute of Metal Research at the Chinese Academy of Sciences; and Kramers Pro-
fessorship at the University of Utrecht, the Netherlands. In 2016, Prof. Castro Neto founded 2D Materials (2DM) Pte 
Ltd in Singapore for the development of high quality graphene, and in 2017 he founded MADE Advanced Materials 
Pte Ltd for the development of graphene composites with carbon and glass fibers.  
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Deji Akinwande: Adventures with 2D materials for unconventional  
applications 
University of Texas, Austin 
 

This talk will present our latest research ad-
ventures on 2D nanomaterials towards 
greater scientific understanding and ad-
vanced engineering applications. In particu-
lar the talk will highlight our work on flexible 
electronics, zero-power devices, monolayer 
memory (atomristors), non-volatile RF 
switches, and wearable tattoo sensors. Non-
volatile memory devices based on 2D mate-
rials are an application of defects and is a 
rapidly advancing field with rich physics that 
can be attributed to sulfur vacancies or 
metal diffusion. Atomistic modeling and 
atomic resolution imaging are contempo-
rary tools under use to elucidate the 
memory phenomena. Likewise, from a prac-
tical point, electronic tattoos based on gra-

phene have ushered a new material platform that has highly desirable practical attributes including optical trans-
parency, mechanical imperceptibility, and is the thinnest conductive electrode sensor that can be integrated on skin 
for physiological measurements. Much of these research achievements have been published in nature, IEEE and ACS 
journals, and widely covered by the news media including Time magazine, BBC, Nature news, IEEE spectrum, and 
several dozen media outlets.  
 
[1] X. Wu, R. Ge, P.-A. Chen, H. Chou, Z. Zhang, Y. Zhang, S. Banerjee, M.-H. Chiang, J. C. Lee, and D. Akinwande, 
"Thinnest Nonvolatile Memory Based on Monolayer h-BN," Advanced Materials, vol. 0, p. 1806790, 2019.  
[2] M. Kim, R. Ge, X. Wu, X. Lan, J. Tice, J. C. Lee, and D. Akinwande, "Zero-static power radio-frequency switches 
based on MoS2 atomristors," Nature Communications, vol. 9, p. 2524, 2018/06/28 2018.  
[3] S. Kabiri Ameri, R. Ho, H. Jang, L. Tao, Y. Wang, L. Wang, D. M. Schnyer, D. Akinwande, and N. Lu, "Graphene 
Electronic Tattoo Sensors," ACS Nano, vol. 11, 2017. 
 

Deji Akinwande is an Endowed Full Professor at the University of Texas 
at Austin. He received the PhD degree from Stanford University in 2009. 
His research focuses on 2D materials and nanoelectronics/technology, 
pioneering device innovations from lab towards applications. Prof. 
Akinwande has been honored with the 2018 Fulbright Specialist Award, 
2017 Bessel-Humboldt Research Award, the U.S Presidential PECASE 
award, the inaugural Gordon Moore Inventor Fellow award, the inaugural 
IEEE Nano Geim and Novoselov Graphene Prize, the IEEE “Early Career 
Award” in Nanotechnology, the NSF CAREER award, several DoD Young 
Investigator awards, and was a past recipient of fellowships from the 
Kilby/TI, Ford Foundation, Alfred P. Sloan Foundation, 3M, and Stanford 
DARE Initiative. His research achievements have been featured by Nature 
news, Time magazine, BBC, Discover magazine, and many media outlets. 
He serves as an Editor for the IEEE Electron Device Letters and Nature 
NPJ 2D Materials and Applications. He Chairs the 2020 Gordon Research 
Conference on 2D materials, and the 2019 Device Research Conference 
(DRC), and was the 2018 chair of the Nano-device committee of IEEE 
IEDM Conference He is a Fellow of the American Physical Society (APS). 
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INVITED TALKS 

 
Aitor Mugarza: Tailoring structural and electronic properties of  
graphene nanostructures with atomic precision 
Atomic manipulation and Spectroscopy group, Catalan Institute of Nanoscience and Nanotechnology, ICN2, ES 
 

Nanostructuring graphene confers multiple func-
tionalities to this material, making it attractive to 
very diverse applications in electronics, molecular 
sensing and filtering. For instance, semiconduct-
ing gaps can be induced by reducing its dimen-
sions to the nanometer scale, whereas introduc-
ing pores of similar sizes turns impermeable gra-
phene into the most efficient molecular sieve 
membrane. In both cases, the interesting scale for 
applications is below 3-5 nm, a regime where 
bottom-up synthesis can be particularly effi-
cient. Here I report different on-surface methods 
to grow graphene quantum dots with controlled 
shape and edge structure [1], periodic arrays of 
nanoribbons with lengths exceeding 100 nm [2], 
and nanoporous graphene sheets that combine 1 

nm size ribbons and pores [3]. Their novel electronic states are correlated with the particular atomic structures by 
using STM. Their potential application in devices is illustrated by gate modulated transport measurements in na-
noporous graphene sheets. 
[1] S. O. Parreiras et al., 2D Mater., 4 25104 (2017). 
[2] C. Moreno et al., Chem. Commun. 54, 9402 (2018). 
[3] C. Moreno et al, Science (80-. ). 360, 199 (2018).  
 

Professor Aitor Mugarza received his PhD in Physics both at the Uni-
versity of Basque Country. After his doctoral studies, he worked at the 
Lawrence Berkeley National Laboratory, USA, and at the Materials Sci-
ence Institute of Barcelona (ICMAB) as a Marie Curie Fellow. He is cur-
rently ICREA research professor and group leader at the Catalan Insti-
tute of Nanoscience and Nanotechnology (ICN2). He is author of 65+ 
articles, and of 45+ invited talks at international conferences, universi-
ties and schools in the field of electronic and magnetism in low dimen-
sional materials. His current research interest is focused on the bottom-
up synthesis of 2D organic and hybrid materials and the engineering 
of their quantum properties. 
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Marija Drndic: Once upon a time, there was a 2D nanopore 
Department of Physics & Astronomy, University of Pennsylvania, Philadelphia, PA  
 

When molecules are driven through 2D nanopores in solution, 
they can change the ion current flow through the pore, from 
which molecule’s physical and chemical properties can be in-
ferred (1). DNA, proteins and other biomolecules can be ana-
lyzed in this way. Nanopores are optimal when they are thin 
because signal increases with decreased pore thickness, and 
because pores sense a smaller part of the passing molecule. 
Pores or vacancies in the sub-nm diameter range, can be envi-
sioned for allowing passage of water molecules but blocking 
salt ions for efficient water desalination (2). Nanopores can also 
be integrated with nearby FETs to sense both the ionic and 
electronic currents (3). The temporal, spatial resolution and 
sensitivity in nanopore experiments have been improved over 
the last few years thanks to advanced materials, device designs 
and electronics.  
 
 

G. Danda, M. Drndic, Current Opinion in Biotechnology, 55C, 124 (2019). 
J.P. Thiruraman et al., Nano Letters 18 (3), 1651 (2018). 
W. Parkin, M. Drndic, ACS Sensors 3 (2), 313 (2018). 
 

Marija Drndic is the Fay R. and Eugene L. Langberg Professor in the Depart-
ment of Physics and Astronomy at the University of Pennsylvania. She re-
ceived her MPhil from Cambridge University, AB, AM and PhD from Har-
vard University, all in Physics, and was a Pappalardo Fellow at MIT, before 
joining Penn in 2003. Her work on cold atom manipulation, and nanocrystal 
electronics was recognized by the Presidential Young Investigator Award, 
the Alfred Sloan Fellowship, the DARPA Young Faculty Award, the ONR 
Young Investigator, and the NSF Career Award. In 2013 she was named the 
APS Fellow “for development of novel nanofabrication methods for gra-
phene nanoelectronics and fast biomolecular analysis in solution”. She also 
received several teaching awards, including the Edmund J. and Louise W. 
Kahn Award for Distinguished Teaching. Drndic lab focuses on nanoscale 
structures in the areas of experimental condensed matter physics, nanosci-
ence and nanotechnology. The group is known for their studies of funda-
mental physical properties of low-dimensional and small-scale structures 
and the development of their device applications. 
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Aravind Vijayaraghavan: Capacitive pressure and touch sensors with 
suspended graphene-polymer heterostructure membranes 
School of Materials and the National Graphene Institute at The University of Manchester. 

 

I will present the fabrication and characterization of a 
suspended graphene/polymer heterostructure mem-
brane spanning a large array of micro-cavities each up 
to 30 µm in diameter with 100 %   
yield.[1] Such membrannes are then employed in a ca-
pacitive pressure sensor covering an area of just 1 mm2, 
showing reproducible pressure transduction under 
static and dynamic loading up to pressures of 250 kPa, 
and in good agreement with calculations. Next, I will 
demonstrate a novel strained membrane transfer and 
optimizing the sensor architecture. This enables sus-
pended structures with less than 50 nm of air dielectric 
gap, giving a pressure sensitivity of 123 aF/Pa per mm2 

over a pressure range of 0 to 100 kPa.[2] Lastly, we demonstrate a touch-mode capacitive pressure sensor (TMCPS) 
incorporating a SU-8 spacer grid structure.[3] This results in a partially suspended membrane configuration, which 
produces reproducible deflection, even after exposing the membrane to pressures over 10 times the operating 
range. The device shows a pressure sensitivity of 27.1 ± 0.5 fF/Pa over a pressure range of 0.5 kPa to 8.5 kPa. I will 
describe our ongoing work to develop a fully transparent, flexible, multi-touch, force-touch capacitive sensor inter-
face, and commercialisation efforts through the new spin-out Atomic Mechanics Ltd. and discuss the future of gra-
phene-based pressure and touch sensors.  
1. Berger, et al. Nanoscale 2016 2. Berger, et al. Nanoscale 2017 3. Berger, et al. 2D Materials 2017 
 

Dr. Aravind Vijayaraghavan is a Reader in Nanomaterials in the 
School of Materials and the National Graphene Institute at The 
University of Manchester. He leads the Nano-functional Materials 
Group (www.nanofunc.com) and his research involves the science 
and technology of graphene and 2-dimensional materials, partic-
ularly for applications in composites, sensors and biotechnology. 
He was previously a post-doctoral research fellow at Massachu-
setts Institute of Technology, USA and an Alexander von Hum-
boldt Fellow at Karlsruhe Institute of Technology, Germany. He 
obtained his MEng (2002) and PhD (2006) from Rensselaer Poly-
technic Institute, USA and his BTech (2000) from the Indian Insti-
tute of Technology - Madras, India. He has published over 80 pa-
pers in international peer reviewed journals and delivered over 60 
presentations at international conferences. Dr. Vijayaraghavan is 
also a leader in science communication and won the 2013 Joshua 
Phillips Award for Innovation in Science Engagement and was Sci-

ence Communicator in Residence at the 2013 Manchester Science Festival. He has also been awarded a Royal Society 
Pairing Scheme Award (2013) and a British Science Association Media Fellowship (2017). He has delivered over 40 
public lectures. He is the founder of two spin-out companies, Grafine Ltd. (www.gra-fine.com) and Atomic Mechanics 
Ltd. (www.atomic-mechanics.com) which commercialise applications of graphene in the fields of composites and 
sensors respectively.  
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Yong P. Chen: Manipulating Dirac Cones - from twisted bilayer graphene 
to hybridized topological insulator 
Purdue University; WPI-AIMR; and Aarhus University 

 
In 2013, we reported synthesis of twisted bilayer graphene 
(tBLG) by chemical vapor deposition (CVD), and observation of 
new low energy Raman modes in the tBLG, resonantly enhanced 
when photon energy matches the energy of van Hove singular-
ities formed with two overlapping and offset Dirac cones from 
the two twisted graphene layers [1]. Using gate-tunable Raman 
spectroscopy and transport measurements in CVD-synthetic as 
well as mechanically stacked/exfoliated tBLG, we have studied 
electron-phonon coupling and other interesting band structure 
physics with two offset Dirac cones whose separation in momen-
tum or energy may be tuned by twisting and electric field [2]. 
More recently, we showed that tuning the thickness and in-plane 
magnetic field may drive a ultrathin film of topological insulator 
into perhaps a simpler and more tunable analog of graphene (or 
analog of a Weyl semimetal in 2D) possessing two non-degen-

erate Dirac cones with field tunable separation [3].  
 
[1] Rui He*, Ting-Fung Chung*, Conor Delaney, Courtney Keiser, Luis A. Jauregui, Paul M. Shand, C. C. Chancey, 
Yanan Wang, Jiming Bao, and Yong P. Chen (*equal contribution), "Observation of Low Energy Raman Modes in 
Twisted Bilayer Graphene", Nano Letters 13, 3594  
[2] Ting-Fung Chung, Rui He, Tai-Lung Wu, Yong P. Chen, "Optical Phonons in Twisted Bilayer Graphene with 
Gate-Induced Asymmetric Doping", Nano Letters 15, 1203 (2015); Ting-Fung Chung, Yang Xu, Yong P. Chen, 
"Transport measurements in twisted bilayer graphene: Studies of electron-phonon coupling and Landau level 
crossing", Physical Review B 98, 035425 (2018)  
[3] Yang Xu, Guodong Jiang, Ireneusz Miotkowski, Rudro R. Biswas, and Yong P. Chen, "Tuning insulator-semimetal 
transitions in 3D topological insulator thin films by inter-surface hybridization and in-plane magnetic fields", 
arXiv:1904.03722 
 

Yong P. Chen leads the “Quantum Matter and Devices Laboratory” that makes, 
measures and manipulates diverse quantum matter ranging from 2D/topologi-
cal/hybrid quantum materials to atomic quantum gases, with potential applica-
tions such as energy, sensing and quantum technologies. He received a BSc and 
MSc in mathematics from Xi’an Jiaotong University and MIT, a PhD in electrical 
engineering from Princeton University, and did a physics postdoc at Rice Univer-
sity. He is a Professor of Physics and Astronomy and Professor of Electrical & 
Computer Engineering at Purdue University and the Inaugural Director of Purdue 
Quantum Science and Engineering Institute (PQSEI), a principal investigator in 
WPI-AIMR International Materials Research Center in Tohoku, Japan, and recently 
selected as a 2019 Villum Investigator in Denmark hosted at Aarhus University. 

Chen is a recipient of young investigator awards from NSF, DOD and ACS, an IBM faculty award, and Horiba Award, 
and is an elected Fellow of American Physical Society (APS).  
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Saverio Russo: The new silicon 
Quantum Systems and Nanomaterials group, Physics Department, University of Exeter, UK.  
 

The coexistence of semiconducting properties and a stable 
oxide dielectric suitable for transistor applications are some 
of the key aspects beyond the success of Silicon. The leap 
to future imperceptible, wearable and flexible applications 
is now held back by the lack of mechanical flexibility inher-
ent to a Silicon wafer. The development of sensing and com-
puting on textile fibres(1) and biological tissues poses strin-
gent constrains on the mechanical properties of materials in 
addition to their optical and electrical characteristics. The 
discovery of 2D semiconductors characterized by an un-
precedented combination of physical properties is enabling 
a wide range of fundamental and applied science discover-
ies. However, the lack of a 2D system with a mechanically 
flexible oxide suitable for transistor, memory, light emitting 
and sensing devices has been holding back the true poten-
tial of these novel systems. In this talk I will present the dis-
covery of a mechanically flexible and air stable high-k oxide 
obtained from the photo-oxidation of the atomically thin 

semiconductor HfS2. Hence I will show how spatially controlled photo-oxidation can be used to engineer specific 
strain patterns in a two-dimensional semiconducting sheet, leading to an unprecedented tailoring of the energy 
bandgap. I will discuss, how these strain fields can be used to generate built-in electric fields necessary to observe 
inverse charge-funnelling(2) that is the funnelling of photo-excited charges away from the excitation area towards 
regions where they can be efficiently separated and collected. Finally I will review the use of this novel mechanically 
flexible oxide in layered transistors, memories, light emitting devices and photodetectors(3). 
[1] E. Torres et al., Nature Flexible Electronics 2, 25 (2018) 
[2] De Sanctis A. et al., Nature Communications 9, 1652 (2018) 
[3] Peimyoo, N. et al., Science Advances 5, eaau0906 (2019) 
 

Saverio Russo is Associate Professor and academic leader of the Quantum 
Systems and Nanomaterials group in the Physics Department at the University 
of Exeter in the United Kingdom. Following a master in Physics at the Univer-
sity of Pisa (Italy) and a master in Materials Engineering from the Katholieke 
Universiteit Leuven (Belgium), he received the PhD degree in Physics from the 
Kavli Institute of Nanoscience Delft in the Netherlands in 2007 for pioneering 
studies on electron transport in hybrid structures. He has joined the University 
of Exeter in 2010, after securing a JSPS fellowship at the University of Tokyo 
(Japan). His research focusses on fundamental and applied science of emerg-
ing quantum systems to include 2D materials, and his scientific discoveries 
have regularly been featured by broad audience media to include BBC, NBC, 
The Guardian, etc.   
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Cinzia Casiraghi: Water-based and biocompatible 2D-inks for all-inkjet 
printed devices 
School of chemistry, University of Manchester, M13 9PL, UK 

 

In this talk I will review ink-jet printable formulations 
made of 2D materials and their use in heterostruc-
ture-based electronics. The talk will present research 
conducted at the interface between chemistry and 
electrical engineering: we have developed a general 
formulation engineering approach to achieve highly 
concentrated, and inkjet printable water-based 2D 
crystal formulations, which also provide optimal film 
formation for heterostructure fabrication [1]. I will 
provide specific examples of all-inkjet printed de-
vices, such as large area arrays of photosensors on 
plastic [1], programmable logic memory devices [1], 
strain sensors on paper [2] and capacitors [3]. If time 
allows, I will also present the first Hall bar measure-
ments made on printed graphene films. 

  
[1] McManus et al, Nature Nanotechnology, 2017, 
doi:10.1038/nnano.2016.281. 
[2] Casiraghi et al, Carbon, 2018, 129, 462. 
[3] Worsley et al, ACS Nano, 2019, 13 , 54. 
 

 
 

Prof Cinzia Casiraghi graduated in Nuclear Engineering from Politecnico di Milano 
(Italy) and received her PhD in Electrical Engineering from the University of Cam-
bridge (UK) in 2006. She was awarded with the Oppenheimer Research Fellowship, 
followed by the Humboldt Fellowship and the prestigious Kovalevskaja Award 
(1.6M Euro). In 2008 she became Junior Professor at the Physics Department of the 
Free University Berlin (Germany). In 2010 she joined the School of Chemistry, at the 
University of Manchester (UK). Her current research work is focused on the devel-
opment of 2D inks and their applications in printed electronics, thermoelectrics, 
and biomedical applications. Furthermore, she is leading expert on Raman spec-
troscopy, used to characterise a wide range of carbon-based nanomaterials. She 
authored and co-authored more than 80 peer reviewed articles, collecting more 
than 22k citations (h-index = 44). She also served as chairperson and program 
committee member on top international conferences (eg Graphene Week, MRS, 
etc). She is recipient of the Leverhulme Award in Engineering (2016) and the Mar-

low Award (2014), given by the Royal Society of Chemistry in recognition of her meritorious contributions in the 
development of Raman spectroscopy for characterisation of carbon nanostructures. 
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Olga Kazakova: Graphene sensors for ultrasensitive environmental  
monitoring 
Quantum Detection, NPL, Teddington, UK  
 

 We demonstrate proof-of-concept graphene sensors 
for environmental monitoring of ultralow concentration 
NO2 in complex environments. Robust detection in a 
wide and environmentally relevant range of 
NO2concentrations, 10−154 ppb, was achieved, high-
lighting the great potential for graphene-based 
NO2sensors, with applications in environmental pollu-
tion monitoring, portable devices, automotive and mo-
bile sensors for a global real-time monitoring network. 

The measurements were performed in a complex environment, combining NO2/synthetic air/water vapour, traces 
of other contaminants, and variable temperature in an attempt to fully replicate the environmental conditions of a 
working sensor. It is shown that the performance of the graphene-based sensor can be affected by co-adsorption 
of NO2and water at low temperatures (≤70 °C). However, the sensitivity to NO2 increases significantly when the 
sensor operates at 150 °C and the cross-selectivity to water, SO2, and CO is minimized. Additionally, it is demon-
strated that single-layer graphene exhibits two times higher carrier concentration response upon exposure to 
NO2than bilayer graphene.  
 
[1] Ch. Melios, et al., ACS Sensors. 3, 1666 (2018) 
 

 Olga Kazakova received the Ph.D. degree in Solid State Physics from Institute of Crys-
tallography, Russian Academy of Science in 1996. In 1999 – 2002, she was a first post-
doctoral researcher and then an Assistant Professor at Chalmers University of Technol-
ogy, Gothenburg, Sweden. Since 2002, she has been working at the National Physical 
Laboratory. Her research interests include functional (electronic, optical, structural) na-
noscale studies of 2D materials; development of novel Scanning Microscopy tech-
niques; novel sensors for Life Science and metrological applications. She is an author 
of ca 160 peer-refereed publications and had above 130 presentations at scientific 
conferences, e.g. ca 60 invited talks and seminars.   
She was a recipient of the numerous national and international awards, including Intel 

European Research and Innovation Award (2008), NPL Rayleigh Award and Serco Global Pulse Award (2011). She is 
a Fellow of Institute of Physics.  
 
Email: olga.kazakova@npl.co.uk  
http://www.npl.co.uk/people/olga-kazakova  
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Aleksandra Radenovic: Nanoscopy of 2D materials 
Jean Comtet, Evgenii Glushkov, Vytautas Navikas, Jiandong Feng and Aleksandra Radenovic 
Laboratory of Nanoscale Biology, Institute of Bioengineering, School of Engineering, EPFL, 1015 Lausanne, Switzerland 

 
In this talk, I will detail our strategy on how to 
translate nanoscopy techniques into the field 
of materials science. We have developed and 
applied different modalities of nanoscopy 
techniques that provide unique insights about 
the type and density of defects together with 
the spectral characterization at locations de-
termined with nanometre-scale precision. We 
focus on defects hosted in two classes of 2D 
materials: hexagonal boron nitride (h-BN) and 
transition metal dichalcogenides (TMDs), such 
as MoS2, WS2, MoSe2, WSe2, and MoTe2. De-
fects hosted in 2D materials such as h-BN and 
TMDs are particularly interesting due to their 

single photon emission. SP emitters are stable concerning transfer onto other substrates, opening the possibility of 
integrating them into more complex nanophotonic devices and paving the way for future semiconductor quantum 
information processing technologies.  Transmission electron microscopy and scanning probe microscopy can pro-
vide atomic resolution. However, both techniques require strict sample preparation protocols and are not optimal 
for fast in-situ operation or applications requiring the characterization of large areas. In contrast, Nanoscopy can 
operate in –situ under ambient conditions and is compatible with the probing of defect chemistry and dynamics in 
different pH environments and under different solvents. We also demonstrated the high-content characterization 
of 2D materials using silicon nitride waveguides as imaging platforms that allow integration of more complex nano-
photonic circuits. 
 

Aleksandra Radenovic received her master's degree in physics from 
the University of Zagreb in 1999 before joining Professor Giovanni 
Dietler's Laboratory of Physics of Living Matter in 2000 at University 
of Lausanne. There she earned her Doctor of Sciences degree in 2003. 
In 2003 she was also awarded a research scholarship for young re-
searchers from the Swiss Foundation for Scientific Research which al-
lowed her to spend 3 years as a postdoctoral fellow at the University 
of California, Berkeley (2004-2007). Before joining EPFL as Assistant 
Professor in 2008 she spent 6 months at NIH and Janelia Farm. In 2010 
she received the ERC starting grant and in 2015 SNSF Consolidator 
grant. Her group is interested in using novel nanomaterials and single 
molecule experimental techniques to study fundamental questions at 
nanoscale.  
  



CARBONHAGEN 2019 

21 

Vittorio Pellegrini: Graphene-based electrodes for high-power  
Li-ion batteries 
Director IIT Graphene Labs, Istituto Italiano di Tecnologia, Genova (Italy), Co-founder of Bedimensional S.p.A 
 

 In this talk I will first show that a novel laminated 
silicon-graphene heterostructure provides supe-
rior performance as anode nanomaterial in half 
and full Li-ion cells [1]. It is composed by dispers-
ing carbon-coated polycrystalline silicon nano-
particles in between a few parallel oriented few-
layers graphene flakes leading to high capacity 
values of around 1000 mAh/g at current values up 
to 3.5 A/g. On the cathode side, I will address a 
Lithium Iron Phosphate (LFP)-graphene nanohy-
brid obtained by a direct LFP crystal colloidal syn-
thesis on few-layer graphene (FLG) flakes pro-
duced by LPE [2] offering a specific capacity ex-
ceeding 110 mAh/g at 20 C, with no electrode 
damaging. On Lithium Sulphur batteries, I will 

present a facile, non-aggressive and environmentally friendly strategy to perform a sulfur carbon composite material 
by simply dry a dispersion of elemental sulfur and graphene in ethanol solvent. The sample powder shows a suitable 
micrometric morphology exhibits a rate capability with a stable trend till current rate of 2C, a Coulombic efficiency 
approaching 100% for 300 cycles at the current rate of C/4 (420 mA g-1) and long cycle life up to 500 cycles deliv-
ering about 600 mAhg-1 at 2C (3350 mA g-1) [3]. 
 
[1] S. Palumbo, L. Silvestri, V. Pellegrini et al. ACS Appl. Energy Mater., 2 1793 (2019) 
[2] G. Longoni, et al., Nano Energy 51 656 (2018). 
[3] L. Carbone, V. Pellegrini et al. submitted. 
 

Vittorio Pellegrini holds a PhD degree in condensed matter physics and he is currently 
a research scientist at the Istituto Italiano di Tecnologia (IIT) in Genova and director 
of the IIT Graphene Labs. He is the head of division energy, composites and produc-
tion of the European flagship project on graphene. He is also leader of the graphene 
flagship work-package energy storage. His current interests focus on the exploitation 
of twodimensional crystals for energy devices and for applications in composites. Vit-
torio Pellegrini has published more than 180 peer-reviewed papers and he is co-in-
ventor of several patents. He gave more than 100 invited/keynote talks. He was Fellow 
of the Italian Academy at Columbia University (USA) in 2008, Winner of Campisano 
prize for condensed matter physics of the Italian National Research Council in 2008. 
He is cofunder of the start-up BeDimensional (www.bedimensional.it). He has pub-

lished several articles for the general public in newspapers and scientific magazines and routinely gives talks at 
science festivals and at other public events. 
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Kasper Pedersen: Non-Innocent Approaches to 2D Conductive Magnets 
Department of Chemistry, Technical University of Denmark, kastp@kemi.dtu.dk , www.kemi.dtu.dk/pedersen  
 

Metal-organic frameworks (MOFs) 
constitute a new family of designer-
materials where metal ion nodes are 
connected by organic spacer mole-
cules (ligands) to form a rigid frame-
work. The combination of both inor-
ganic and organic building blocks 
results in virtually endless possibili-
ties for properties tuning and a 
structural diversity that surpasses all 
other materials. Nearly all of these 
materials are however intrinsically 
insulating and the observation of in-
teresting magnetic phenomena is 
hampered by the large spatial sepa-
ration between the constituent 
metal ions. In this talk I will present 
our synthetic approaches to 2D 
metal-organic networks in which 
magnetic ordering and high electri-
cal conductivity coexist. The combi-
nation of reducing transition metal 

ions and p-conjugated organic linkers facilitates strong p-d conjugation, which results in significant electron and 
spin densities on the bridging ligands and thereby providing high electron mobility as well as high magnetic order-
ing temperatures. This synthetic principle, benefitting from ligand redox non-innocence, proffers new possibilities 
for e.g. synthetically tunable 2D magnetic conductors of relevance for molecular spintronics. 
 

Kasper S. Pedersen obtained his PhD in inorganic chemistry from the University of Co-
penhagen in 2014. He thereafter received a DFF-Sapere Aude Research Talent grant to 
pursue postdoctoral research in Bordeaux and Montreal. He returned to Denmark in 
2017 as facilitated by a VILLUM Young Investigator starting grant. Since 2017 he has 
been a group leader and an assistant professor at the Department of Chemistry, Tech-
nical University of Denmark. His research group focuses on synthetic inorganic chemis-
try and materials discovery including novel types of metal-organic 2D materials, porous 
materials, and  spin-orbit entangled materials.  
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CONTRIBUTED TALKS 

Avik Ghosh: Electronic switching using Tunable Dirac fermion optics 
Charles Brown Dept of Electrical and Computing Engineering and the Dept of Physics at the University of Virginia 
 

The unconventional flow of electrons in 2D Dirac cone 
systems provides unique opportunities to realize non-
trivial optical analogues of their electronic counterparts. 
Using quantum simulations of electron flow as well as 
careful junction fabrication [1] and transport experi-
ments from our collaborators - we can now demon-
strate the ability to steer electrons using the negative 
index Veselago effect [2], collimate them at junctions 
using Klein tunneling [3] and rotate their transmission 
lobes to demonstrate the analogue of Malus' law for 
polarizer-analyzers [4]. Other examples such as antiKlein 
tunneling and electronic Brewster angles still remain to 
be seen experimentally. In all these examples, as well as 
analogous transport studies of Neel skyrmions along 
racetracks, the key underlying physics is driven by the 
conservation of topological charge carried by the spins 

and pseudospins. These symmetry effects give us additional degrees of tunability that are quite unconventional 
for electronic switching. For instance, the ability to collimate electron flow can be used to engineer a gate-tunable 
transport gap in bulk graphene [6], which is necessary to beat the fundamental Boltzmann limit on electronic 
switching. Such a gap also helps us tune the junction resistance over 3 orders of magnitude, pushing it well be-
yond typical contact resistances, making the output current saturate and giving us a high RF f_max power gain [6]. 
A PN junction on a 3D topological insulator can help polarize the transmitted spins and control the intrinsic 
charge-to-spin current ratio through spin-momentum locking [7].  
 
[1] ACS Nano article ASAP 2019.  
[2] Science, vol. 353 :6307 , pp. 1522-1525, 2016 
[3] PNAS 2019, in press 
[4] Physical Review B, vol. 86 , pp. 155412, 2012 
[5] ACS Nano, vol. 7 :11 , pp. 9808-9813, 2013 
[6] Nature Scientific Reports 7, 9714, 2017.  
[7] Physical Review Letters, vol. 114 , pp. 176801, 2015 
 

Avik Ghosh is Professor at the Charles Brown Dept of Electrical and Computing 
Engineering and the Dept of Physics at the University of Virginia. He did his 
PhD in condensed matter theory at the Ohio State University, and a postdoc-
toral fellowship in Electrical Engineering at Purdue University. He is the UVA 
site-director of the NSF-Industry University Cooperative Center on Multifunc-
tional Integrated Systems Technology (MIST). Ghosh has authored 125+ ref-
ereed papers and a book (“Nanoelectronics – a Molecular View”, World Scien-
tific 2016) in the area of computational nano-materials and devices. He has 
given over 125 invited lectures worldwide. He is Fellow of the Institute of Phys-
ics (IOP), senior member of the IEEE, and has received the IBM Faculty Award, 
the NSF CAREER Award, a 2006 best paper award from the Army Research 
Office, and UVA’s All University Teaching Award. His group’s work with Co-
lumbia University on negative refractive index behavior in graphene was voted 

by the editors of Physics World as one of the top 10 research breakthroughs of 2016.  
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Sergey Slizovskiy: Surface states of Bernal and rhombohedral graphite 
National Graphene Institute, University of Manchester, M13 9PL, UK.  
 

Graphite is semimetal allowing for unprecedented electrostatic control of 
its surface states via hBN encapsulation and gating. Graphite with Bernal 
(ABA) and rhombohedral (ABC) stacking have notably different electronic 
properties: Bernal graphite is a semimetal with small electron and hole 
Fermi surfaces and no surface states; Rhombohedral graphite is also a 
semimetal, but thin films thereof are insulating in the bulk and host 2D 
metallic surface states. We show that two types of surface states do appear 
at the surface of Bernal graphite upon electrostatic doping: (1) compress-
ible surface states that form a 2D metal on the surface (red branch on the 
image) and (2) incompressible surface states that may appear above or 
below the Fermi level. The results are confirmed experimentally by quan-
tum capacitance spectroscopy. For surface states in rhombohedral graph-
ite films we calculate the phase diagram, predicting a pattern of gate-in-

duced topological Lifshitz transitions between metallic surface states with different Fermi surface topology, we find 
a giant Berry curvature induced Hall coefficient and strong sensitivity of surface states to in-plane magnetic field. 
The theoretical results are confirmed by recent experiments carried in Manchester. 
 
[1] J. Yin, S. Slizovskiy, Y. Cao, Sh. Hu, Y. Yang, I. Lobanova, B. Piot, S. Son, S. Ozdemir, T. Taniguchi, K. Watanabe , K. 
Novoselov, F. Guinea, A. Geim , V. Fal’ko , and A. Mishchenko, Nature Physics (2019), doi:10.1038/s41567-019-
0427-6 and a work in preparation 
[2] S. Slizovskiy, E. McCann, M. Koshino, V. Fal’ko, in preparation 
 

Sergey Slizovskiy is currently a postdoctoral member of theory group of Prof. 
V.Fal'ko at National Graphene Institute, The University of Manchester, UK. He 
is interested in electronic properties of 2D materials, Quantum Hall Effect de-
vices, topological insulators, edge states, Dirac and Weyl semimetals, topo-
logical Lifshitz transitions in interacting systems. He received his M.S. and PhD 
degrees in theoretical physics from Saint-Petersburg State University and 
a PhD in physics from Uppsala University, then spent 5 years at Loughbor-
ough University studying interacting electronic systems with strong spin fluc-
tuations and graphene in magnetic field. His awards include EPSRC post-doc-
toral fellowship, PhD stipend of Russian noncommercial foundation Dynasty 
and RFBR (Russia) grants. 
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Lapo Bogani: Topological effects in the quantum transport of molecular 
graphene nanoribbons 
Department of Materials, University of Oxford, Oxford, UK  

 
Fabricating devices that are nanometers long, yet 
defined down to the single-atom level, remains 
an enduring challenge in nanoscience. This de-
gree of control is particularly appealing in gra-
phene: graphene nanoribbons should produce 
field-effect-transistors with magnetic and topo-
logical effects solely when their edges are shaped 
with molecular precision.  Synthetic graphene na-
noribbons now provide the necessary structural 

control, but their potential for quantum electronics remains unexplored. Here we report the observation of topo-
logical effects on the quantum transport of molecular graphene nanoribbons. The devices operate as ambi-polar 
transistors at room-temperature, and as single-electron transistors at low temperatures. Direct correspondence is 
established between the transport features and the morphology, with all features determined by the synthetic de-
sign. Molecularly-precise edges produce a magnetic field evolution that is completely opposite to non-molecular 
nanoribbons and the spin-orbit and coherent dephasing length are quantified, so that topology and time-reversal 
symmetry breaking become visible in a universality-class transition from symplectic to unitary. These results open 
the path to a new family of quantum electronic devices, where the graphene element can be atomically shaped, and 
synthetic chemistry allows the rational design of topological phenomena or applicative functionalities.  
 

Lapo Bogani obtained his PhD from the University of Florence, Italy. He moved to 
CNRS Grenoble with a personal Marie Curie fellowship, and then to Germany with a 
Sofja Kovalevskaja award of the Alexander von Humboldt Stiftung. In 2015 he moved 
to the University of Oxford with an ERC Starting Grant as Royal Society research fel-
low, and was appointed Professor in 2017. He is currently running an ERC Consolida-
tor grant and he has been the recipient of a number of international awards, includ-
ing the Kurti European research prize and the O. Kahn European award. His current 
research focuses on the transport and magnetic properties of molecular graphene 
nanostructures.  
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Martha Scheffler: Graphene-coating of Platinum nanoparticles 
Martha Scheffler, Andrew Cassidy, and Liv Hornekaer 
Department of Physics and Astronomy, Aarhus University 

 
Despite the great potential that has been reported for core-shell metal-
metal nanoparticles in catalytic processes and biomedical applications, 
similar reports on graphene-coated nanoparticles are lacking. Graphene 
coatings prevent nanoparticles from sintering, increase the temperature 
stability, and can prevent corrosive species from blocking the catalytically 
active sites. For some single crystal systems, graphene coatings have been 
shown to have beneficial effects, improving reaction efficiency. I will pre-
sent measurements on graphene-coated Platinum nanoparticles. Pt na-
noparticles of tens of nm in diameter were grown on a HOPG support by 
MBE. Subsequent annealing in ethylene yields a graphene coating layer 
on the nanoparticles that is tested on its catalytic and reactive properties. 
I will show scanning tunneling microscopy data, describing the shape and 
size of the nanoparticles and their graphene coating layer, XPS data to 
compare the chemical properties before and after coating, and TPD data 

proving the protective properties of the coating against exposure to CO. 
 

Martha Scheffler is a postdoctoral member of Liv Hornekaer’s group at Aarhus Univer-
sity. Her current project is the coating of metal nanoparticles (used e.g. for photonics 
or catalysis) with graphene. By studying the effects of graphene functionalization on the 
coated nanoparticles with spectroscopic and microscopic methods, she hopes to en-
hance the plasmonic properties. She graduated with a diploma in physics (MSc) from 
Dresden Technical University in 2011. Subsequently, she started her PhD studies in the 
group of Christian Hess/Bernd Buechner at the Institute for Solid State and Materials 
Research Dresden (IFW Dresden). After obtaining a PhD in physics (Dr.rer.nat), she 
shortly joined the group of Martin Knupfer as a postdoctoral researcher (IFW Dresden). 
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Alireza Taghizadeh: Anomalous excitonic signature in nonlinear spin 
Hall current of monolayer TMDs 
Ålborg University and Technical University of Denmark 
 

The spin Hall effect (SHE) is a physical phenomenon, 
in which moving spin-up/-down charges are sepa-
rated and accumulate at opposite boundaries of a sur-
face [1]. The SHE is an extraordinary tool for studying 
fundamental physics as well as for spintronics, where 
the spin degree of freedom is manipulated. Mono-
layer TMDs are intriguing candidates for investigating 
the SHE, due to their large spin-orbit coupling and 
long spin relaxation time [2].  Recently, we theoreti-
cally predict the existence of a dc SHE in ordinary 
monolayer TMDs (1H phase) that emerges from a 
nonlinear optical process, in which a strong time-de-

pendent field induces a spin current at zero frequency via optical rectification. Two distinct mechanisms contribute 
to this photo-induced spin current, a purely interband part, and a mixed inter-/intraband contribution. Analogous 
to the linear optical absorption, excitons modify the SHE spectrum significantly by introducing strong discrete res-
onances. Remarkably, the direction of the excitonic spin current is inverted by varying the temperature, as the rela-
tive strengths of inter- and intraband contributions change.  We provide numerical data for MoS2 and WSe2, but 
the main findings hold true for other TMDs. Our results pave the way for generating spin currents in ordinary TMDs 
without the need for doping or external fields.  
 
[1] M. Dyakonov and V. Perel, Phys. Lett. A 35, 459 (1971). 
[2] X. Xu, W. Yao, D. Xiao, and T. F. Heinz, Nat. Phys. 10, 343 (2014). 
 

Alireza Taghizadeh is a postdoc researcher at Center for Nanostructures Graphene 
(CNG) in Aalborg University (AAU) and Technical University of Denmark (DTU). His 
main research interests lie in the fields of nanophotonics and physics of low-di-
mensional systems such as 2D materials and carbon nanotubes. He has a multidis-
ciplinary background in electronics, optics, and physics. He graduated with honor 
(ranked 1st) in two B.Sc. programs of physics and electrical engineering in 2009. 
Having accomplished his master thesis in microelectronics, he graduated excel-
lently (ranked 1st) in 2011. He received his Ph.D. degree in 2016 from DTU, where 
he exclusively studied various nonphotonic devices such nanolasers for optical in-
terconnect applications. In 2015, he had a research stay in U.C. Berkeley, USA, 
working on a project about optical antenna-enhanced nanoLEDs. After Ph.D. grad-

uation, he continues his researches at DTU as a postdoc for one year, working on novel electromagnetic phenomena 
in nanoscale systems. Since the beginning of 2017, he is actively doing research in the field of 2D materials, partic-
ularly their excitonic effects and nonlinearities. This includes a post-doctoral fellowship at the QUSCOPE center of 
excellence in AAU, which is followed by another postdoc at the CNG center in DTU and AAU. He is the author of 16 
journal articles and 2 international patents.  
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Lene Gammelgaard: Lithographic band structure engineering of  
graphene 
Lene Gammelgaard, Bjarke Sørensen Jessen, Peter Bøggild, Department of Physics, Technical University of Denmark, 
Kongens Lyngby, Denmark  

 

Two-dimensional materials such as graphene allow direct access to 
the entirety of atoms constituting the crystal. While this makes litho-
graphic shaping particularly attractive as a tool for band structure en-
gineering through quantum confinement effects, edge disorder and 
contamination have so far limited progress towards experimental re-
alization. We demonstrate here band structure engineering by direct, 
ultra-dense lithographic patterning of graphene [1]. Specifically, we 
have fabricated a triangular superlattice of etched holes with a period 
of 35 nm and a separation of 12-15 nm in a graphene sheet encap-
sulated in hexagonal boron nitride. We observe a distinct magneto-
transport regime in the nanostructured graphene, with a nonlinear 
Landau level fan; in contrast to pristine graphene, and a band gap of 
156 meV, which can be tuned with an external magnetic field. The rich 
magnetotransport measurements are accurately described by both 
tight-binding simulations and an analytical model based on Dirac fer-
mions in ring geometries [2]. Furthermore, we observe strong indica-
tions that the lithographically engineered band structure at the main 
Dirac point is cloned to a satellite peak that appears due to moiré 

interactions between the graphene and the encapsulating hexagonal boron nitride. Band structure design in two-
dimensional materials by top-down patterning enables the exploration of many exciting predictions and opportu-
nities such as valleytronics [2] and spin qubits [3], as well as potential platform for “twistronic” circuits. 
  
[1] B. S. Jessen, L. Gammelgaard, et al., Nat. Nano. 14, 340-346, (2019) 
[2] M. R. Thomsen, et al., Phys. Rev. B, 95, 235427, (2017) 
[3] T. G. Pedersen et al. Phys. Rev. Lett, 473,136804, (2008)  
 

Lene Gammelgaard obtained her PhD in 
experimental physics at the Technical Uni-
versity of Denmark (DTU) in 2016 with the 
title “2D Material Device Architectures: Pro-
cess Optimization and Characterization”. 
She is currently a postdoctoral researcher in 
the group of Prof. Peter Bøggild at DTU 
Physics. Her interests are physics and fabri-
cation of nanodevices, including stacking of 
van der Waals heterostructures, cleanroom 
fabrication of devices by shaping and elec-
trical contacting, and fabrication of dense 
nano-structures by electron beam lithogra-
phy. 
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Maria Iliut: Graphene-enhanced elastomers and their applications 
Grafine Ltd, University of Manchester, UK 
 

 
Elastomers, particularly natural rubber, are widely used 
in applications such as tires, gloves, clothing, medical 
devices, etc. We demonstrate that the mechanical 
properties of elastomers can be improved by the incor-
poration of graphene fillers. Elastomers are com-
pounded either an aqueous formulation called a latex, 
or as a solid. In order to maximise the impact on me-
chanical properties by the addition of a small volume 
fraction of graphene, it is essential to ensure uniform 
dispersion of the graphene flakes in the elastomer ma-
trix. Upon optimisation, it is possible to improve an 
elastomer by making it simultaneously 50% stronger, 
50% more elastic and 50% more hard wearing.  

A graphene-modified elastomer can then be formed into a number of shapes using, most popularly, dip-moulding 
of latex or compression moulding of solid rubber. I will discuss the fabrication and testing of dip-moulded elasto-
mer-graphene composite products such as condoms and gloves, as well as compression moulded products such as 
shoe soles.   
I will present the specific case of athletic footwear, where the rubber-graphene composite gives markedly improved 
grip on tough terrains while simultaneously improving durability. The graphene-enhanced athletic shoes from Inov-
8 Ltd. have been available for purchase, worldwide, since July 2018. I will also talk about the future potential of 
graphene-enhanced elastomers, and a new spin-out company Grafine Ltd. for this purpose.  
 

Dr. Maria Iliut is the founder and CTO of Grafine Ltd. and a post-doctoral research associate 
at the University of Manchester, in the Nano-functional Materials Group. Maria was 
awarded a PhD (2013), MSc (2010) and BSc (2008) from Babeș-Bolyai University, Romania. 
Her research involves the development of graphene-enhanced polymer composites and 
their applications. She has published over 20 papers in international peer-reviewed jour-
nals.  
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Itai Epstein: Extremely Efficient Light-Exciton Interaction in a Monolayer 
Semiconductor Van der Waals Heterostructure Cavity 
ICFO - The Institute of Photonic Sciences, Castelldefels 08860, Barcelona, Spain 
 

Semiconductor two-dimensional materials, such 
as transition-metal-dichalcogenides (TMDs), ex-
hibit extraordinary optoelectronic properties due 
to their unique band structure and the ability to 
tune their charge carrier density. The combination 
of a direct bandgap together with large exciton 
binding energies leads to an optical response that 
is completely dominated by the supported exci-
tons in these materials.  In this work, we demon-
strate a TMD-based high quality Van der Waals 
heterostructure cavity, in which the achieved in-
teraction strength is unitary and can be controlled 
both electrically and optically. Figure 1 shows the 
non-trivial behavior of the temperature depend-
ent interaction strength via the FWHM of the ex-
citon supported by the monolayer TMD.  We de-

velop a theoretical framework to describe the light-exciton-cavity interaction, which fully supports the experimental 
results.   
The heterostructure cavity also enables the excitation of a large photo-excited excitonic population while still main-
taining low optical power. This high density of excitons allows the observation of high order excitonic complexes, 
with ultra-low continuous-wave (CW) laser power excitation down to few nW.  Finally, we show that by modifying 
the structure of the cavity we are able to fully tailor the interaction strength from 0-100%.   
This enhanced light-exciton interaction paves the way to possible polaritonic condensation in monolayer semicon-
ductors and excitonic optoelectronic devices based on 2D semiconductors.  
 

Itai Epstein is a postdoctoral researcher at the group of Prof. Frank Kop-
pens at ICFO - The institute of photonic sciences, Barcelona, Spain. His 
postdoctoral research is devoted to studying light-matter interaction in 
2D materials, such as graphene, transition-metal-dichalcogenides 
(TMDs), and hexagonal-boron-nitride (hBN). In particular, he is working 
on experimentally exposing new polaritonic phenomena in these mate-
rials, and new methods to achieve strong light-2D matter interaction. 
His PhD research, under the supervision of Prof. Ady Arie, at Tel Aviv 
University, focused on the investigation of surface plasmon waves in the 
scope of fundamental wave phenomena, and his M.Sc research, under 
the supervision of Prof. Yossi Rosenwaks, at Tel Aviv University, focused 

on the investigation of electronic transport properties of thin film transistors.  
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Jan-Philip Joost: Correlation Effects and the Topological Band Structure 
of Graphene Nanoribbon Heterojunctions 
Jan-Philip Joost1, Antti-Pekka Jauho2, Michael Bonitz1 
1Institute of Theoretical Physics and Astrophysics, University of Kiel, Germany 
2CNG, DTU Physics, Technical University of Denmark 

 
Topological insulators are a central theme in modern 
solid state physics as they combine an insulating 
bulk with robust in-gap boundary states. Recent pro-
gress in the atomically precise bottom-up synthesis 
of finite length graphene nanoribbons (GNRs) has 
opened up a new way to realize such topological 
materials. 
The existence of localized in-gap states in hetero-
junctions of topologically distinct GNRs was pre-
dicted theoretically [1] and later confirmed experi-
mentally [2]. It was found that GNRs composed of 
alternating segments of 7- and 9-armchair GNRs 
(AGNRs) exhibit new bulk bands and end states that 
differ qualitatively from the band structures of pris-
tine 7- and 9-AGNRs. Most theoretical modelling of 
7/9-ANGRs has been restricted to DFT/LDA or tight 
binding (TB) methods which are known to underes-
timate or completely ignore correlation effects, re-
spectively. Since electronic correlations are known to 

be very important in GNRs [3], a quantitative analysis must go beyond these simple theories. Here, we present 
simulations of 7/9-AGNRs based on a Green functions method with second Born and GW self-energies [3] applied 
to an effective Hubbard model. We find remarkable quantitative agreement with the experimental local dI/dV meas-
urements of Ref.[2]. Especially the description of the topological end states is greatly improved by the inclusion of 
correlations compared to the TB and LDA results. 
Moreover, our approach can be easily extended to extract the transport properties of these systems. 
 
[1] T. Cao et al., Phys. Rev. Lett. 119, 076401 (2017) 
[2] D. J. Rizzo et al., Nature 560, 204-208 (2018) 
[3] J.-P. Joost et al., Phys. Stat. Sol. (b) (2019), doi: 10.1002/pssb.201800498 
 

Jan-Philip Joost is currently a Ph.D. student in the group of Michael Bonitz at the 
University of Kiel. He received his B.Sc. and M.Sc. in Physics at the University of Kiel. 
His research interest is the study of equilibrium properties as well as non-equilibrium 
electron dynamics in graphene nanostructures by means of nonequilibrium Green 
functions. 
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Viktoria Ritter: Silicene passivation by few-layer graphene 
Viktoria Ritter1, Jakob Genser1, Daniele Nazzari1, Ole Bethge2, Emmerich Bertagnolli1, and Alois Lugstein1 
1 Institute of Solid State Electronics, Technische Universität Wien, Gußhausstraße 25-25a, 1040 Vienna, Austria  
2 Infineon Technologies Austria AG, Siemensstraße 2, 9500 Villach, Austria  
Contact: viktoria.ritter@tuwien.ac.at  
 

Silicene is of foremost interest as it combines an 
ultra-high carrier mobility with the unique oppor-
tunity to tune the bandgap. Due to its intrinsic in-
stability, the synthesis of silicene requires ultra-
high vacuum (UHV) conditions and it oxidizes 
within minutes when exposed to ambient condi-
tions. Here, we demonstrate the encapsulation of 
4x4 silicene grown on Ag(111) by few-layers gra-
phene (FLG) flakes, allowing its stabilization for up 
to 48h. Natural graphite is exfoliated mechanically 
on top of a vacuum-compatible polyimide adhe-

sive tape and inserted into a specially designed UHV chamber. After Si evaporation, the formation of silicene is 
verified via LEED analysis. Consecutively, FLG flakes are mechanically transferred atop of the silicene layer. A Raman 
analysis of the encapsulated silicene is performed under ambient conditions. The acquired data are reported in 
Figure 1. It shows the well-known peaks for exfoliated FLG, labelled, respectively, as D, G, G* and 2D, alongside two 
additional peaks located at 216 cm-1 and 515 cm-1, labelled as A and E. The intensity of the A mode, which is related 
to the out-of-plane vibration of optical phonons (ZO), was interpolated to obtain a heatmap showing the presence 
of silicene, as shown in Figure 2. Notably, silicene can be detected under the whole capping layer, with the exclusion 
of those areas that are close to the FLG edges. This is probably caused by a non-ideal adhesion of the FLG to the 
silver substrate. Polarization-dependent measurements, shown in Figure 3, demonstrate that the symmetry proper-
ties of silicene are unaltered by the capping process, as a result of a weak interaction with the encapsulation layer.  
 
[1] A. Molle, C. Grazianetti, L. Tao, D. Taneja, M. H. Alam, and D. Akinwande, Chem. Soc. Rev. 47, 6370 (2018) 
[2] D. Solonenko, O. D. Gordan, G. Le Lay, H. Şahin, S. Cahangirov, D. R. T. Zahn, and P. Vogt, 2D Mater. 4, 015008, 
(2016). 
 

Viktoria Ritter, M.Sc. B.Sc. received her Master's degree in Geomaterials and Geo-
chemistry from the Technical University Munich as well as from the Ludwigs-Maxi-
milians University. After completing her thesis about Covalent Organic Frameworks 
analysis via Scanning Tunelling Microscopy she joined the silicene research group 
at the Vienna University of Technology. Currently she is pursuing her PhD in elec-
trical engineering at the Institute for Solid State Electronics focusing on the pas-
sivation of silicene by further 2D-materials. 
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A1 Zachary Winter: The role of copper orientation on oxide formation 
and force adhesion of CVD graphene 
Zachary C. M. Winter1, Oliver Burton2, Marieke Jung1, Jan Karthein1, Benjamin Zenz1, Ann-Kathrin Müller1, Stefan 
Hofmann2, Bernd Beschoten1, Christoph Stampfer1  
1 JARA-FIT and 2nd Institute of Physics, RWTH Aachen University, 52074 Aachen, Germany  
2 Department of Engineering, University of Cambridge, 9 JJ Thomson Avenue, Cambridge CB3 0FA, United Kingdom  

 
CVD on copper has allowed for controlled growth 
of graphene up to wafer size. It remains, however, 
a technical challenge to transfer 2D materials of 
larger scale to desired substrates. The dry-trans-
fer technique remains promising to preserve the 
quality of graphene by limiting contact with vol-
atile etching agents and works when the coupling 
strength to the copper substrate is reduced by 
the formation of an interface oxide layer, allowing 

another material with higher van-der-Waals attractive force to pick-up the CVD graphene. Up to now, research has 
only been done on three main copper orientations (100), (110), and (111). We introduce the addition of high reso-
lution force adhesion measurements on polycrystalline copper along with Raman spectroscopy to investigate the 
role of copper orientation on the oxide formation with the goal of improving dry-transferred graphene on a larger 
scale.   
 

Zachary Winter is currently a PhD student at the RWTH Aachen University. The primary 
focus is on high quality scalability using CVD graphene and dry-transfer techniques to 
reduce contamination. Zachary received his master’s in physics and nanoelectronics 
from the RWTH Aachen University in 2017 with Prof. Christoph Stampfer and his bach-
elors in physics from Montana State University in 2014 where he worked on growth 
and magnetic transport measurements of bulk materials. Also during his time at the 
RWTH University, Zachary filed a patent for a device and method for determining air 
velocity. In the future, he is interested in starting his own business or collaborating in 
a small team to bring current physics research topics to solve industry goals.  
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A2 Patrick R. Whelan: Terahertz time-domain spectroscopy for electrical 
homogeneity mapping of graphene 
Patrick R. Whelan, David Mackenzie, Dirch H. Petersen, Peter U. Jepsen, and Peter Bøggild DTU Physics, Technical 
University of Denmark, Denmark  

 
Terahertz-time domain spectroscopy (THz-TDS) is a rapid and non-destructive meas-
urement technique for accurate scanning of the electrical properties of graphene [1]. 
By raster scanning samples in the focal plane of the THz beam it is possible to map 
the DC conductivity, scattering time, carrier density and mobility of graphene without 
physical contact to the sample [1]. Values obtained from THz-TDS measurements are 
benchmarked against micro four point probe (M4PP) and Hall measurements in order 
to compare and verify extracted values [1].  
Here, we will highlight recent results on THz-TDS measurements of graphene on flex-
ible polymeric substrates [2] and as-grown graphene on silicon carbide where a ~30x 
variation in conductivity across a 4 inch wafer is observed (see figure) [3].   
 
[1] P.Bøggild et al., 2D Materials, 4 (2017) 042003 
[2] Whelan et al., Optics Exp., 26 (2018) 17748-17754 
[3] Whelan et al., ACS App. Mater. Interfaces, 10 
(2018), 31641-31647 
 
 
 

 
 

Patrick Whelan is a postdoc at DTU Physics doing research in 
large-area characterization of graphene with a main focus on 
THz-TDS measurements.  He received his Master degree from 
Aalborg University in Nanophysics and -materials in 2013 and 
a PhD in 2016 from DTU Physics for his work on transfer and 
characterization of large-area CVD graphene for transparent 
electrode applications.  
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A3 Vaida Arcisauskaite: First-Principles Simulations of 2D Hetero- 
junction Tunneling Field-Effect Transistors using QuantumATK 
Anders Blom1, Daniele Stradi2, Petr A. Khomyakov2, Vaida Arcisauskaite2* and Kurt Stokbro2  
1Synopsys, Inc., 690 E Middlefield Rd, Mountain View, CA 94043, USA 
2Synopsys Denmark ApS, Fruebjergvej 3, 2100 Copenhagen, Denmark   

 
Two-dimensional (2D) materials are very attractive for 
the nanoelectronics industry since they could become 
the new channel materials of the future nanoelectronics 
devices and solve the problems related to non-negligible 
quantization of Si electronic structure upon scaling. In 
this poster, I will present our group’s work on simulating 
a 2D materials-based heterojunction tunneling field-ef-
fect transistor (TFET) with the QuantumATK software 
suite. [1] Specifically, we will consider a (SC) and asym-

metrically-contacted (ASC) TFET where the channel is formed by a heterojunction based on two-dimensional (2D) 
semiconductors: MoTe2/SnS2. [2] In the SC device, we use Au for both the source and drain metallic contacts, 
whereas in the ACS device, we use Al in the drain, in order to have a rather large work function difference between 
the contacts. Our simulations show how the device trans-conductance of a TFET can be engineered by an appropri-
ate choice of the metallic electrodes. The results also highlight the importance of atomistic device simulations for 
the optimization of the electrical characteristics of devices based on non-conventional materials.  
 
[1] Synopsys QuantumATK (https://www.synopsys.com/silicon/quantumatk.html) 
[2] G. Fiori, F. Bonaccorso, G. Iannaccone, T. Palacios, D. Neumaier, A. Seabaugh, S. K. Banerjee, and L. Colombo, Nat. 
Nanotech. 9, 768 (2014). 
 

Vaida Arcisauskaite is currently a senior scientific communication specialist for Synopsys Quan-
tumATK. She received her MA degree in physics, environmental and chemical physics (with 
magna cum laude) from Vilnius University (2009) and a Ph.D. in computational chemistry (2013) 
from Copenhagen University where she studied perturbed angular correlation (PAC)/NMR 
spectroscopic properties and dynamics of compounds containing metal ions. After finishing 
her Ph.D., she spent 3 years as a postdoctoral research associate at Oxford University studying 
electronic structure and electron transport in transition metal systems, before joining the Syn-
opsys QuantumATK team in 2017.  
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A4 Virginia Boix: Towards two-dimensional Van Der Waals stacked  
heterostructures via electron assisted growth 
Virgínia Boix1, Tamires Gallo1, Niclas Johansson3, Alexei Zakharov3, Claudia Struzzi3, Zhihua Yong1, Lassi Linala1,  
Joachim Schnadt1,2,3, Anders Mikkelsen1,2, Jan Knudsen1,3  

1Division of Synchrotron Radiation Research, Lund University, Lund, Sweden 2NanoLund, Lund University, Lund,  
Sweden  
3MAX IV Laboratory, Lund University, Lund, Sweden  
 
 

Stacked Van Der Waals heterostructures of two-dimensional (2D) materials are 
promising building blocks for a wide range of applications [1]. These 2D mate-
rials, such as hexagonal boron nitride (h-BN) or graphene (Gr), are usually grown 
in-situ on active single crystal surfaces by chemical vapor deposition (CVD) [2]. 
However, this growth technique is self-limiting to one monolayer. Therefore, 
scalable mass production of high-quality stacked 2D layers cannot be achieved.  
With this contribution, we present a variety of CVD that overcomes such limita-
tions; Electron Assisted Growth. Using STM and XPS we demonstrate that bora-
zine dosing combined with an electron beam results in adsorption of borazine 
radicals atop an otherwise inert Gr film. Furthermore, we analyse the thermal 
stability of the adsorbate layer while probing their composition with XPS and 
their structure with STM. Finally, we present how a focused LEEM electron beam 
can be used to spatially control the formation of the BN structures onto the Gr 
layer.  As an outlook, the scalability of electron assisted growth to other sub-
strates and materials is also discussed.  
[1] K. S. Novoselov, et al. Science 353 (2016). 
[2] F. H. Farwick zum Hagen, et al. ACS Nano 10 (12) (2016) 
 
 
 
 
Virginia Boix is currently a Ph.D. candidate at the Synchrotron Radiation Re-
search department in Lund University. She received her B.Sc. degree in Physics 
from Lund University (2016) after which she specialised in Materials Science 
with a M.Sc. degree (2018).   
Her research focuses on two-dimensional materials, their growth, characterisa-
tion and functionalisation. Her experimental approach includes a combination 
of chemically and structurally sensitive techniques, such as XPS, STM, LEED and 
LEEM.  
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A5 Abhay Shivayogimath: A universal approach for the synthesis of 
two-dimensional compounds by chemical vapour deposition 
DTU Physics, Technical University of Denmark Kgs. Lyngby 2800, Denmark  
 

Only a few of the vast range of potential two-dimen-
sional materials (2D) have been isolated or synthesized 
to date. Typically, 2D materials are discovered by me-
chanically exfoliating naturally occurring bulk crystals 
to produce atomically thin layers, after which a mate-
rial-specific vapour synthesis method must be devel-
oped to grow interesting candidates in a scalable man-
ner. Here we show a general approach for synthesising 
thin layers of two-dimensional binary compounds [1]. 
We apply the method to obtain high quality, epitaxial 
MoS2 films, and extend the principle to the synthesis 
of a wide range of other materials - both well-known 
and never-before isolated - including transition metal 
sulphides, selenides, tellurides, and nitrides. This ap-
proach greatly simplifies the synthesis of currently 
known materials, and provides a general framework for 
synthesising both predicted and unexpected new 2D 

compounds. 
[1] A. Shivayogimath, et al., Nat. Commun. 10, 2957 (2019) 
 
 

Abhay is currently a postdoctoral researcher in the group of Dr. Timothy J. Booth at DTU 
Physics, Technical University of Denmark. His research interests include large-scale syn-
thesis, transfer, and applications of graphene and 2D material films. He graduated with a 
bachelor’s degree (first class honours) in bio-chemical engineering in 2012. He obtained 
his M.S. in Nanophysics (magna cum laude) from KU Leuven and Chalmers University in 
2014. He obtained his PhD at DTU Nanotech in 2018 on the growth of 2D materials by 
chemical vapour deposition. He has co-authored 11 articles and 2 patents.  
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A6 Mattia Scardamaglia: Highlighting the dynamics of 2D materials  
protection to oxidation of copper under operando condition.  
Mattia Scardamaglia1, Claudia Struzzi1, Virginia Boix1, Giulio D’Acunto1, Alexey Zakharov1, 
Jan Knudsen1, Nicolas Reckinger2, Xin Chen3, Abhay Shivayogimath3, Tim Booth3, Patrick Zeller4, 
Matteo Amati4, Luca Gregoratti4 

1 MAX IV Laboratory - Lund University, Sweden 
2 University of Namur, Belgium 
3 DTU Physics, Technical University of Denmark, Lyngby, Denmark 

4 Elettra Sincrotrone Trieste, Italy 

 
The recent development of ambient pressure XPS 
makes accessible operando investigation of many 
phenomena otherwise impossible [1]. The preven-
tion of metal corrosion is of extreme technological 
importance; therefore, the investigation of the 
protective action of 2D materials must be carefully 
assessed [2].  
We performed ambient pressure XPS in situ exper-
iments on copper coated by graphene and hexag-
onal boron nitride, in oxidation conditions (O2 at-
mosphere). To understand the evolution of copper 
oxidation and the role of graphene, we investi-
gated regions with bare copper, mono- and multi-
layers graphene flakes, by using the near ambient 
pressure scanning photoemission microscope 
available at ESCAMICROSCOPY beamline 

(ELETTRA) [3]. Three temperature regimes were identified: (i) up to 300 °C, the amorphous carbon desorbs and the 
Cu under graphene remains metallic, while the bare Cu regions readily oxidized; (ii) in a short temperature range up 
to 360 °C, the oxygen starts to intercalate from graphene edges or defects and slightly oxidized the Cu underneath 
(Figure 1); (iii) at T higher than 360 °C the carbon is etched away. At the HIPPIE beamline (MAX IV), we compared 
Cu, graphene and hBN through AP-XPS up to 5 mbar in O2 atmosphere. We identified different protection thresh-
olds, with graphene being able to protect the copper up to higher temperature with respect to hBN.   
These in situ experiments clearly highlight the role of 2D materials as protecting layers of copper from oxidation.   
[1] M. Salmeron and R. Schlögl, Surf. Sci. Rep., 63 (2008) 169-199 
[2] L. Camilli, F. Yu, A. Cassidy, I. Hornekaer, P. Boggild, 2D Materials, 6 (2019) 022002 
[3] M. Scardamaglia, C. Struzzi, A. Zakharov, N. Reckinger, P. Zeller, M. Amati, L. Gregoratti submitted (2019) 
 

Born in Rome (Italy), Mattia Scardamaglia received his Ph.D. in Materials Science from 
Sapienza University in 2012. After moving to Belgium for a postdoc at the University of 
Mons, he received funding for an individual three-years project from the Fund for Sci-
entific Research FRS-FNRS (2015) to study heteroatom doping of carbon nanomaterials. 
Now, he is working at the MAX IV Synchrotron in Lund (Sweden) at the HIPPIE beamline 
for ambient pressure photoelectron spectroscopy. His main interests are mostly devoted 
to surface and interface science of 2D materials by means of synchrotron-based spec-
tromicroscopy techniques.  
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A7 Michal Prokop: Scanning gate microscopy of gated MoS2  
nanoribbons 
M. Prokop, M. P. Nowak, Academic Centre for Materials and Nanotechnology, AGH – University of Science and Tech-
nology, Poland 

 
The growing interest in single-layer transi-
tion metal dichalcogenides is driven 
mostly by their promising applications in 
novel electronics that exploits spin and val-
ley properties of charge carriers [1]. By the 
means of tight-binding [2] transport calcu-
lation we demonstrate how scanning 
gate microscopy technique can be used to 
probe valleysplitting and spin-orbit cou-
pling in gated single-layer MoS2 nanorib-
bons. We show that in a pristine ribbon the 
conductance mapping reveals the pres-
ence of the edge modes provided the 
Fermi energy is tuned into the bulk band 
gap. Investigating the coherent electron 
flow from a quantum point contact we ex-
plain that the number of the current 
branches depends on the intrinsic spin-or-
bit coupling strength and that disorder-in-
duced valley mixing results in a beating 
pattern in the conductance maps. 
 
[1] K. F. Mak, K. L. McGill, J. Park, P. L. 
McEuen, Science 344, 1489 (2014). 
[2] E. Cappelluti, R. Roldán, J. A. Silva-Guil-

lén, P. Ordejón, and F. Guinea, Phys. Rev. B 88, 075409 (2013) 
 

Master of Science in Applied Informatics. Member of HOMING programme of 
the Foundation for Polish Science (2018-2019) - „Electronic transport in semi-
conducting and superconducting monolayer trasition metal dichalco-
genide nanodevices”. The project directed by Michał Nowak (in cooperation 
with Anton Akhmerow and Michael Wimmer from Quantum Tingerer Group 
at TU Delft) aimed in describing of electronic transport in a new class of semi-
conducting nanostructures: monolayer transition metal dichalcogenides. 
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A8 Vaiva Nagyte: Raman Spectroscopy of Electrochemically Exfoliated 
Graphene 
Vaiva Nagyte*, Daniel J. Kellyº, Gennaro Picardi*, Alexandre Felten⁰, YuYoung Shin*, Adriana Alieva *, Robyn E. Wors-
ley*, Khaled Parvez*, Andrew Pollard†, Cinzia Casiraghi*  

*School of Chemistry, ºSchool of Materials, and ‡National Graphene Institute, University of Manchester, Manchester, 
M13 9PL, United Kingdom,  

National Physical Laboratory, Teddington, Middlesex, TW11 0LW, United Kingdom, ⁰Synthesis, Irradiation and Analysis 
of Materials (SIAM), University of Namur, rue de Bruxelles 61, Namur, 5000, Belgium  
 

One of the most promising mass scalable techniques for 
production of graphene is given by the electrochemical 
exfoliation (ECE) of graphite [1]. The accurate characteri-
zation of such graphene dispersions is crucial in order to 
assess the properties of the material produced  
(flake size and thickness distribution, type and amount of 
defects, etc.) and develop metrology standards for the 
commercialization of solution-processed graphene. Nev-
ertheless, the Raman characterization of electrochemi-
cally exfoliated graphene has been rather limited: trans-
mission electron microscopy (TEM) and atomic force mi-
croscopy (AFM) are typically used to analyse the gra-
phene flake’s morphology, while the physical properties 
and chemical composition are typically evaluated by X-

ray photoelectron spectroscopy (XPS) and X-ray powder diffraction (XRD) [2,3]. Furthermore, AFM is not a reliable 
technique for thickness evaluation, and XPS and XRD are bulk characterization techniques, while Raman spectros-
copy probes individual ECE graphene sheets. In addition to this, most of the works on graphene produced by ECE 
only report a few Raman spectra, and they may not be representative of the different type of graphene flakes in the 
dispersion.  
In this work we show a systematic Raman spectroscopy analysis of graphene produced by ECE, using different 
electrolytes and solvents. We evaluate electrochemical exfoliation efficiency by Raman spectroscopy and investigate 
the process parameters that influence the quality of the graphene dispersions.  
 
[1] Parvez, K. et al. Synth. Met. 2015, 210, 123–132. 
[2] Lv, W. et al. ACS Nano. 2009, 3 (11), 3730–3736. 
[3] Coroş, M. et al. RSC Adv. 2016, 6 (4), 2651–2661. 
 

Vaiva Nagyte is currently a Ph.D. in Cinzia Casiraghi’s group at the University of Man-
chester working under supervision of Sarah Haigh, Antonios Oikonomou, Andrew Pol-
lard, and Cinzia Casiraghi. Her research interests are Raman spectroscopy, 2D materials 
exfoliation and standardisation in partnership with National Physical Laboratory. She 
received her joint M.Sc. in Nanoscience and Nanotechnology from KU Leuven and 
Chalmers University of Technology and B.Sc. in Applied Physics from Vilnius University. 
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A9 Hadeel Moustafa: Identification of 1D materials through database 
screening 
Department of Physics, Technical University of Denmark 

 
 

1D materials [1] are an interesting 
subset of materials with promising 
applications in batteries, photonic 
crystals and as electronic intercon-
nects. 1D materials also present the 
possibility of combining them with 
other 1D materials or higher dimen-
sional materials to create new het-
ero-structures with novel physical 
properties [2]. Another potential ap-
plication could be in heterogeneous 
catalysis, where the restricted geom-
etry of 1D materials might lead to 
new types of atomic sites with differ-
ent chemical characteristics.  
We identify potential 1D materi-
als  through a screening procedure 
applied to the ICSD and the COD. We 

employ the dimensionality scoring parameter defined in ref [3], which is based exclusively on the atomic geometry. 
The algorithm extract one-dimensional components from periodic three-dimensional crystals.  
So far 201 compounds have been studied. Their basic properties like atomic structure, stability (heat of formation 
and convex hull), band structure, density of state and work function have been calculated. They are furthermore 
characterized using symmetry and grouped together using a clustering algorithm based on the root-mean-square-
distance.  
In the future we expect to construct new potential 1D materials by element substitution in the constructed database.  
 
[1] G. Cheon, K. N. Duerloo, et al. Data Mining for New 2- and 1-D Weakly Bonded Solids and Lattice-Commensurate 
Heterostructures. Nano Letters, 17(3):1915–1923, 2017. 
[2] D. Jariwala, T. J. Marks, and M. C. Hersam. Mixed-dimensional van der waals heterostructures. Nature materials, 
16(2):170, 2017. 
[3] P. M. Larsen, M. Pandey, et al. Definition of a scoring parameter to identify low-dimensional materials compo-
nents. Phys. Rev. materials 3(3):034003, 2019. 
 

Hadeel Moustafa is supervised by Professor Karsten W. Jacobsen, Department of Physics 
Technical University of Denmark.   
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A10 Mads Nibe Larsen & Mads Svanborg Peters: Kelvin Probe Force 
Microscopy on various samples containing graphene 
Mads Nibe Larsen1&2, Mads Svanborg Peters1&2, Bjarke Jensen2, Martha Scheffler 3,  

Jakob Kjelstrup-Hansen1, Ole Albrektsen1, Bjarke Jørgensen2  
1University of Southern Denmark, 2Newtec Engineering A/S, 3Aarhus University  
 

Kelvin Probe Force Microscopy (KPFM) is a variation of the 
Atomic Force Microscopy technique and is used to measure 
the contact potential difference (CPD) between a conductive 
tip and a sample. This makes it possible to obtain infor-
mation about the electrical properties of the sample in ques-
tion - information which is otherwise unseen in topograph-
ical measurements. This technique has been used to exam-
ine the correlation between topographical and CPD meas-
urements of samples containing graphene. The samples in-

clude NaT2 on graphene on Silicon Dioxide as well as graphene coated palladium nanoparticles on HOPG. 
 

Mads Nibe Larsen and Mads Svanborg Peters are currently (Fall 
2019) taking their master’s degree in Engineering - Physics and 
Technology at the Faculty of Engineering, University of Southern 
Denmark in Odense. During their bachelor’s project they have been 
working in collaboration with Newtec Engineering to construct a 
reference sample suitable for the KPFM technique. Furthermore, the 
project also involved examining how different system parameters 
(eg. PID parameters) affect the quality of the captured CPD images.  
All measurements have been made at the facilities of Odense based 
company, Newtec Engineering A/S, Stærmosegårdsvej 18, 5230 
Odense M, Denmark.  
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A11 David M. A. Mackenzie: Qualitative analysis of scanning gate  
microscopy on epitaxial graphene 
David M. A. Mackenzie, Vishal Panchal, Héctor Corte-León, Dirch H. Petersen, and Olga Kazakova  
Department of Electronics and Nanoengineering, Aalto University, FI-00076 Aalto, Finland 

 
We present scanning gate micros-
copy (SGM) studies of graphene 
Hall-cross devices where bi-layer 
graphene (2LG) regions show un-
expected signal inversion relative 
to single-layer graphene (1LG), an 
observation reproduced via finite 
element modelling of current den-
sities [1]. This is attributed to gate-
induced charge carrier redistribu-
tion between the two layers in 2LG. 
Hall cross devices were fabricated 
from epitaxial graphene 6H–
SiC(0001) and were covered by 
1LG/2LG with area ratio of 85:15%, 

respectively (Fig 1a). Local electric-field sensitivity maps of the devices were obtained in a bend measurement ge-
ometry (Fig 1b) using electrical SGM with a conductive tip (Fig 1c). We observe that the voltage measured upon 
gating 2LG islands was inverted (Fig 1d) relative to anticipated reference maps on 1LG (Fig 1e). Finite element mod-
elling (FEM) of the current densities and voltage showed good qualitative agreement with the SGM maps when the 
effect of the gate was reversed for 2LG (Fig 1 f-g). We expand on tip-only FEM results, as shown in Fig 1f [1], 
by modelling both the tip and cantilever using a distributed-charge perturbation (Fig 1g) to achieve greater quali-
tative agreement between experimental results and simulations. The model can be used to predict mixed 1LG/2LG 
response to electric field. 
1. Mackenzie et. al., 2D Materials, 6, 025023, 2019 
 

David Mackenzie is a research fellow in the Nanoscience and Advanced Materials group 
based at the Department of Electronics and Nanoengineering, Aalto University, Finland. 
Research interests include fabricating devices based on two-dimensional materials, ac-
curacy of electrical measurements, gas sensing measurements, finite element simula-
tions, and Raman spectroscopy. 
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A12 Alessandro Lodi: Molecular Graphenoids as Quantum Units 
University of Oxford 
 

Polycyclic Aromatic Hydrocarbons (PAHs) are 
organic frameworks made of multiple aro-
matic rings [1]. In PAHs, the open-shell con-
figuration is a resonant structure with the 
closed-shell one. According to the Clar's aro-
matic rule, the energy stabilisation provided 
by formation of additional aromatic rings can 
compensate for the rupture of carbon bonds, 
leaving unpaired electrons – the strong delo-
calisation distributes the spin density all over 
the molecule. Here we use pulsed electron 
paramagnetic resonance to investigate the 
quantum properties of PAHs. I will show how 
the shape and conjugation length of the car-
bon framework will play a crucial role in the 
magnetic properties. As confirmed by the Rabi 
oscillations, spins on these carbon-based 
nanostructures can be initialised into an arbi-

trary superposition of states, making polyciclic aromatic hydrocarbons a candidate for spin qubits in the framework 
of molecular qubits. We compared our results with the phase memory time of famous qubit candidates in the 
literature. We state that a toluene solution has larger Tm than those of semiconducting quantum dots above the 
liquid nitrogen temperature.  
 

Alessandro Lodi is a first-year PhD student at the University of Oxford in the Lapo 
Bogani group. He obtained both his BSc and MSc in Chemistry from the University of 
Modena and Reggio Emilia. Thanks to the Erasmus+Traineeship Program, he spent 
10 months in the Bogani group as a MSc student, working on pulsed electron-spin 
resonance of polycyclic aromatic hydrocarbons. During his stay, appointed a Claren-
don Scholarship for pursuing a DPhil program in Materials. Currently, his scientific 
interests lie in both the fabrication of field-effect transistors using molecular synthe-
sised graphene nanoribbons as conductive channels and their characterisation both 
at room and millikelvin temperatures.    
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A13 Susanne Leitherer: Current-induced atomic forces in gated  
graphene nanoconstrictions 
Susanne Leitherer, Nick R. Papior, and Mads Brandbyge, Department of Physics, Technical University of Denmark 
 

 
The interplay between the applied field, 
current and the atomic structure in ballis-
tic nanoscale conductors carrying a sub-
stantial current, as seen in experiments 
[1], is still not well understood. In this 
work, we present an ab-initio study based 
on density functional theory combined 
with non-equilibrium Greens functions [2] 
of bias-induced atomic forces in gra-

phene nanoconstrictions in the presence of current [3]. The junctions, consisting of graphene nanoribbons con-
nected to pristine graphene electrodes, are gated to increase their conductance and to allow switching between 
electron and hole-dominated transport. We show how the forces can be rationalized in terms of bond currents and 
charge redistribution, in particular induced bond charges, and discuss the role of the electrostatic potential profile 
(voltage drop) across the junctions. Our results reveal how the combination of voltage drop and current give rise to 
the strongest current-induced forces in nanostructures. 
 
[1] C. Schirm, M. Mat, F. Pauly J.C. Cuevas, P. Nielaba and E. Scheer, Nat.Nanotechnol. 8, 645-648 (2013) 
[2] N. Papior, N. Lorente, T. Frederiksen, A. Garcia and M. Brandbyge, Comput. Phys. Commun 212, 8 (2017) 
[3] S. Leitherer, N. Papior and M.Brandbyge, Phys. Rev. B 100, 035415 (2019) 
 

Susanne Leitherer is currently a postdoc at DTU Physics in Denmark. Her main re-
search interests are oriented towards the description of electron transport and cur-
rent-induced dynamics in atomistic/molecular systems at nonequilibrium, including 
nanoscale devices based on graphene. She completed her PhD in Physics in 2016 at 
the University of Erlangen-Nuermberg in Germany working on the theory and simu-
lation of charge transport in Carbon-based nanostructures.  
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A14 Claus F. P. Kastorp: Substrate Induced Periodic Modulation of  
Bilayer Graphene 
Dept. of Physics and Astronomy Aarhus University , Aarhus, Denmark  
 

Bilayer graphene has recently attracted 
much attention and is of great interest 
due to both the highly correlated and 
widely tunable electronic properties as 
a function of twist angle [1], and as a 
potential basis system  for synthesizing 
diamane, a two layer diamond-like ma-
terial [2]. In this experiment, we study 
the structural and electronic properties 
of bilayer graphene on Ir(111) by em-
ploying STM, XPS, Standing Wave X-ray 
experiments, and ARPES. The MBE syn-
thesized bilayer graphene  acquires a 
graphite-like structure, meaning the 

separation and stacking order of the two graphene sheets is the same as found in bulk graphite. At the same time, 
our STM results indicate that the MBE growth is not self-limiting to two layers as reported previously [3]. We have 
found that the appearance of wrinkles in the graphene sheets, which are unavoidably formed during the MBE 
growth, play a crucial role in the multilayer graphene growth  
Finally, a periodic modulation due to the presence of iridium substrate induces distinct electronic features in the 
band structure of our bilayer graphene that have important consequences for its application in electronic devices.  
 
[1] Li, Guohong, et al. 2010 Nature Physics, 6.2: 109. 
[2] Odkhuu, D., et. al. 2013. Scientific reports, 3, p.3276. 
[3] Presel, F., et.al., 2018. Nanoscale, 10(16), pp.7396-7406. 
 
 

Claus Kastorp is currently doing his Ph.D. in experimental physics at Aar-
hus University on the topic of local characterization of electronic prop-
erties of Dirac materials. In particular, he works with graphene and gra-
phene based systems. He received his B.Sc. degree in physics from Aar-
hus University in 2017 studying the functionalization of graphene with 
hydrogen on Cu(100).  
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A15 Eli B. Carlin-Coleman: Robotic assembly of graphene-based  
heterostructures 
Eli B. Carlin-Coleman and Timothy J. Booth, Department of Physics, Technical University of Denmark 
 

Graphene’s electrical properties suggest exciting new de-
vices, such as fast-switching transistors and low-voltage elec-
tronics, which are not possible with silicon technologies to-
day. To realize these properties, graphene usually must be 
encapsulated in a highly planar insulating material, such as 
hexagonal boron nitride (hBN) [1]. Current encapsulation 
techniques require a large amount of manual input, resulting 
in a lack of fine control over movements, inconsistency in 
stacking procedure which can affect experimental results, 
and the loss of available work hours due to time spent build-
ing van der Waals heterostructures.   
We present a robotic device with the potential to perform the 
operations required for stacking autonomously. This allows 
very fine motor control, increased consistency in procedure, 
and versatile operation modes. The device has been tested 
using the hot-pickup technique developed at our lab, but it 
is theoretically compatible with a wide range of methods [2]. 

We will show our progress in using the machine so far and demonstrate success in creating electronic devices. We 
discuss current benefits, potential applications, and future enhancements to improve the capabilities of the system.  
[1] C. Dean, et al., Solid State Communications, 152, 1275-1282, (2012) 
[2] F. Pizzocchero, et al., Nature Communications, 7, 11894, (2016) 
 

Eli B. Carlin-Coleman is a research assistant for the Department of Physics at Den-
mark Technical University. He is working in Timothy J. Booth’s group in the 2D Ma-
terials Lab. Their current project is to improve the yield of high-quality graphene 
heterostructures by automating the stacking process. Eli is also working to complete 
his bachelor’s degree in electrical engineering at the University of British Columbia 
in Vancouver, Canada.   
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A16 Nils Goedecke: Contacts to 2D materials with vanishing Schottky 
barriers by NanoFrazor lithography  
Tero S. Kulmala1, Nils Goedecke1, Xiaorui Zheng2, Edoardo Albisetti2, Elisa Riedo2 
1 SwissLitho AG Technoparkstrasse 1, Zurich, Switzerland  
2Tandon School of Engineering, New York University, New York, NY, USA.  

 
Forming high-quality electrical con-
tacts is a key issue in fabricating high-
performance 2D material electronic 
devices. However, predominant fabri-
cation processes (i.e. electron beam li-
thography followed by metal evapora-
tion and lift-off) typically yield poor 
quality non-ohmic metal contacts with 
high Schottky barriers and large con-
tact resistances [1]. Here, we show that 

NanoFrazor (thermal scanning probe) lithography that relies on thermal decomposition of polymer resists [2] can 
be used to pattern high-quality metal contact electrodes to monolayer MoS2 with high reproducibility, sub-10-nm 
resolution, and a throughput comparable to high-resolution electron beam lithography [3]. The approach offers 
simultaneous in situ imaging and patterning as well as superior markerless alignment accuracy [4] and does not 
utilize high-energy charged particle beams. We developed a variety of lift-off metallization processes with different 
resists and solvents achieving gaps between metal electrodes below 10nm.  Using this technique, we have patterned 
both top-gated and back-gated field-effect transistors with metal electrodes in direct contact with monolayer MoS2. 
These devices exhibit vanishing Schottky barrier heights (around 0 meV, Figure 1), record-high on/off ratios of 1010, 
no hysteresis, and subthreshold swings as low as 64 mV per decade without the use of negative capacitors or hetero-
stacks. 
 

Nils is a trained biophysicist with a Master’s Degree from Humboldt University Berlin 
(1999) and a Ph.D. in Analytical Chemistry from Imperial College London (2005). 
Throughout his scientific career he applied microsystem and surface engineering to a 
broad range of technical development projects with biological context. In that capacity, 
he developed lab-on-a-chip devices for DNA forensics at MIT (2003-2005) as well as 
microfluidics for single-cell analysis at ETH Zurich (2005-2011). His research at University 
Hospital Balgrist (2012-2017) focused on sensor arrays for measuring cell mechanics. Nils 
joined SwissLitho in summer 2018, where he is part of the sales team trying to identify 
new customers and applications for the NanoFrazor technology.  
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A17 Sabrine Ayari: Low-temperature dynamics of free and localized ex-
citons in Transition metal dichalcogenides (TMDs) 
Sabrine Ayari,*a and Sihem Jaziri*a,b 

aFaculté des Sciences de Bizerte, Laboratoire de Physique des MatériauxLaboratoire de Physique des Materiaux: Struc-
ture et Propriétés,  Université de Carthage,7021 Jarzouna, Tunisia  

.*E-mail: sabrineayaari8@gmail.com  
bFaculté des Sciences de Tunis, Laboratoire de Physique de la MatièreCondensée,Département de Physique, Université 
Tunis el Manar,  Campus Universitaire 2092 Tunis, Tunisia  

*E-mail: sihem.jaziri@fsb.rnu.tn 
 

Disorder derived from defects or local strain in mono-
layer transition-metal dichalcogenides (TMDs) can 
lead to a dramatic change in the physical behavior of 
the interband excitations, producing inhomogeneous 
spectral broadening and localization leading to radia-
tive lifetime increase [1,2]. In this study, we have mod-
eled the surface disorder of a monolayer TMD sample 
through a randomized potential in the layer plane. We 
give an in depth study of the influence of the disorder 
potential parameters on the optical properties of these 
defects through energies, density of states, oscillator 
strengths, and radiative lifetime at low temperature (4 

K) [1]. We demonstrate that localized excitons have a longer emission time than free excitons, in the range of tens 
of picoseconds or more [2]. Finally, in order to prove the validity of our model, we compare it to available experi-
mental results of the literature.  
 

Sabrine Ayari is currently a phd student of Physics at the university of Car-
thage Tunisia, Faculty of science of Bizerte. She received her master’s degree 
in physics from faculty of science of Bizerte. She spent 7 month internship 
in Institute of Optics and Atomic Physics in “Technische Universität Berlin” . 
She have 4 published articles.  
[1] S. Ayari, A. Smiri, A. Hichri, S. Jaziri, T. Amand, Phys. Rev. B, 98, 4 205430 
(2018) 
[2] S. Ayari and S. Jaziri, Phys. Status Solidi B, 1800682 (2019) 
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A18: Anne Sinterhauf: substrate induced nanoscale resistance variation 
in epitaxial graphene 
A19: Phanish Chava: Band-to-Band tunneling in two-dimensional van der 
Waals heterostructures 
A20: David Curcio: Time-resolved X-Ray photoelectron diffraction of 
photoexcited graphene 
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B1 Himanshu Sekhar Jena: Covalent Triazine based 2D Materials for 
Heterogeneous Catalysis 
Department of Chemistry  Ghent University, Belgium 
 

Over the past few years, tremendous efforts have 
been devoted to the development of porous organic 
polymers (POPs) for carbon capture, storage (CCS) 
and heterogeneous catalysis. Among POPs, covalent 
triazine frameworks (CTFs) a class of 2D porous ma-
terials are highly promising because of their easy 
synthesis, large surface area, tunablility, high stabil-
ity, recyclability and most importantly low-densities. 
Therefore, significant attention has recently been 
given for engineering CTFs with different functional 
group for CCS and heterogeneous catalysis. 
 
 
 
 
 

 
Himanshu Jena is currently a [Pegasus]2 Marie Curie Fellow at Ghent 
University, Belgium (2017-). Currently, he is interested in the devel-
opment of new 2D materials for energy storage and sustainable 
chemistry. He received his PhD degree in Chemistry from Indian In-
stitute of Technology Guwahati, India (2013). After finishing his Ph.D, 
he spent 20 months as a postdoctoral researcher at Indian Institute 
of Science Education and Research Bhopal, India 
(2013-2014) and 24 months as JSPS postdoctoral fellow at Osaka Uni-
versity, Japan (2014-2016). He published 49 articles with h index of 
20 and I index of 33 (google scholar). He received several national 
awards and considered as top 1% reviewers by Publons 

(1305610).  Recently, he is interested in the developments of new materials for finding solutions towards the in-
creasing global warming and climate change issues. He considers CCS and CCU as potential technologies that can 
tackle the biggest scientific challenges and can have a positive impact on the environment and the economy. Addi-
tionally, in the view of the growing population and fulfilling the energy demands, he trusts in the development of 
more efficient, greener and sustainable chemical materials and industries. He considers CTFs as class of new mate-
rials because of their unique characteristics. He also involved in the development of new metal organic frameworks 
(MOFs) and POPs as potential materials in CCUS technologies and chemical industries. He published his research in 
Angew Chem International Editions, Chemistry of Materials, Journal of Catalysis, Journal of Material Chemistry A, 
Inorganic Chemistry, Chemistry of an European Journals like top-class journals.  
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B2 Håkon Røst and Frode Strand: Low-Temperature and Patterned 
Growth of Graphene- Dielectric-Semiconductor Heterostructure Systems 
Håkon I. Røst, Frode S. Strand, et al. 

Center for Quantum Spintronics 
Norwegian University of Science and Technology 
NO-7491 Trondheim, Norway 

 
Problems associated with the preparation of high-quality and contamina-
tion-free graphene on semiconductor that does not heavily interact with 
its underlying substrate has so far hindered the large-scale integration of 
graphene in device structures. We will present our recent work on growing 
graphene on silicon carbide (SiC) by means of various transition metal cat-
alysts, with subsequent intercalation of silicon and oxygen under the gra-
phene layers to form an electrically insulating dielectric layer, and removal 
of the transition metal catalyst [1]. 
The interaction of thin metal films with thermally treated SiC mediates lib-
eration of carbon, allowing the formation graphene on semiconductor at 
temperatures down to 600⁰C [2]. The liberation of carbon only where metal 
contacts the SiC substrate is used to selectively grow graphene in pat-
terned regions only: device geometries can easily be defined by simple and 

scalable shadow-masking methods, rather than complex lithography. The metal silicide layers that form can be 
removed by furthering the annealing process. Subsequent intercalation of silicon and oxygen results in the decou-
pling of the graphene from its substrate by forming an insulating silicon oxide layer [3]. The result is crystalline top 
layers of quasi-free-standing graphene, where the thickness of the interfacial dielectric layer can be tuned by con-
trolling the intercalation of silicon prior to the oxidation step. 
 
[1] H. I. Røst et al. “Low Temperature Growth of Graphene on Semiconductor”, in preparation. 
[2] S. Cooil et al. Carbon 50:5099–5105 (2012).  
[3] S. Lizzit et al. "Transfer-free electrical insulation of epitaxial graphene from its metal substrate." Nano letters 12.9 
(2012): 4503-4507. 
 

Håkon I. Røst and Frode S. Strand are both Ph.D. candidates at 
the Center for Quantum Spintronics (QuSpin), a Center of Excel-
lence in research at the Norwegian University of Science and 
Technology (NTNU). Their research is focused towards two-di-
mensional carbon materials and other materials systems with 
interesting spin properties, using different techniques of pho-
toemission spectroscopy and surface sensitive electron diffrac-
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B3 Moritz Fischer: Luminescent defects in hBN activated by oxygen 
plasma 
DTU Fotonik, Technical University of Denmark , 2800 Kgs. Lyngby, Denmark  
 

In the wide range of two-dimensional materials such as gra-
phene and transition metal dichalcogenides, hexagonal boron 
nitride (hBN) provides a large band gap of around 6 eV. [1] This 
enables hBN to host defects with energy states deep inside in 
the electronic band gap, which are even active at room tem-
perature. Using a state-of-the-art optical photoluminescence 
setup in mapping mode, we identified defects in multilayer 
hBN. These defects were preliminary activated by oxygen 
plasma or thermal annealing. We could classify the emitters by 
two groups of defects reported in literature. [2] One main char-
acteristics of those two groups is the coupling to optical pho-
nons: one group shows pronounced phonon side bands and 
the other one show weak phonon side bands. Further explora-
tions of defects in hBN will pave the way to a better under-
standing of the coupling mechanism between phonons and 
defects in low-dimensional materials. These studies have been 
carried out within the Center of Nanostructured Graphene 

(CNG).   
 
[1] Tran T.T., Bray K., Ford M. J., Toth M., Aharonovich I. Quantum emission from hexagonal boron nitride monolayers. 
Nature Nanotech. 11, 37-41 (2016). 
[2] Tran T.T., et al. Robust Multicolor Single Photon Emission from Point Defects in Hexagonal Boron Nitride, ACS 
Nano 10, 7331-7338 (2016). 
[3] M. Fischer et al. (in preparation, 2018) 
 

Moritz Fischer is currently a PhD student at the Technical University of Denmark in Copenhagen. 
His research focuses on the optical properties of two-dimensional materials such as hexagonal 
boron nitride. He received his B.Sc. and M.Sc. degree in Physics from the University of Stuttgart 
in Germany in the years 2015 and 2018. Afterwards he started his PhD on Single-Photon Emitters 
in 2D Materials in the Structured Electromagnetic Materials group, located at the Technical Uni-
versity of Denmark. 
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B4 Anna Elsukova: Organic Ice Resist Lithography: a new twist on  
electron-beam based nanofabrication 
Anna Elsukova1, Ding Zhao1, Anpan Han2, and Marco Beleggia1 

1National Centre for Nano Fabrication and Characterization, Technical University of Denmark, Kongens Lyngby, 2800, 
Denmark   

2Department of Mechanical Engineering, Technical University of Denmark, Kongens Lyngby, 2800, Denmark   
 

We will present a novel nanofabrication 
method – Organic Ice Resist Lithography 
(OIRL) [1,2]. OIRL is a new approach to elec-
tron beam lithography where, instead of us-
ing a conventional resist, we deposit a layer 
of solidified organic material (organic ice) 
from spraying a vapor onto a substrate 
cooled down to liquid nitrogen tempera-
ture. Organic ice polymerizes under the 
electron beam (e-beam), so that the ex-
posed areas become non-volatile at room 
temperature. After heating up the substrate, 

the unexposed ice sublimates, while the structures defined by e-beam remain. Thus, organic ice acts as a negative 
tone resist. OIRL offers several advantages for the fabrication of devices based on 2D materials. First, the whole 
process takes place in a single instrument, enabling easy and straightforward fabrication of 3D layered structures. 
Second, since the resist material is deposited from vapor, substrates with complex surface morphologies can be 
patterned without needing sophisticated sample holders or implementing special patterning protocols. Finally, and 
most crucially, OIRL does not require chemical development and leaves no contamination or residuals.  
 
[1] W. Tiddi et al. Nano Lett. 17, 7886-7891 (2017) 
[2] A. Elsukova et al. Nano Lett. 18, 7576-7582 (2018) 
 

Anna Elsukova received her PhD in 2014 from the University Duisburg-Essen, Germany, 
where she studied structure of magnetic materials with transmission electron micros-
copy. After a postdoc at the Technical University of Toyohashi in Japan, she joined the 
ice lithography team at the Technical University of Denmark (DTU) in 2017.   
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B5 Tobias A. de Jong: Imaging strain and twist in van der Waals  
materials 
T.A. de Jong, E.E. Krasovskii, C. Ott, H. Yoo, P. Kim, R.M. Tromp, S.J. van der Molen, J. Jobst Leiden Institute of Physics  
Leiden University, The Netherlands  
 

Both strain and twist be-
tween individual layers are 
yet another handle to tune 
the properties of in Van 
der Waals structures and 
have led to new device con-
cepts and exciting corre-
lated electron effects. To 
optimize and fully utilize 
this handle, measurements 
and statistics on the magni-
tude and spread of strain 
and twist angle within a 
sample are vital. Here, we 
demonstrate two applica-

tions of Low Energy Electron Microscopy (LEEM) to measure those properties as well as their statistics, by combining 
diffraction and real space information. 
First, we study the inherent strain between the two layers in bilayer graphene on SiC, which is induced by the growth 
process. We show that the strain thermally relaxes to form domains of AB and AC variants of Bernal stacking [1]. By 
automated gathering of statistics on the size and shape of those domains, we show that the strain is locally highly 
anisotropic and strongly influenced by the step edges of the SiC substrate. Second, we show that we can distinguish 
the precise stacking order and relative twist angle in exfoliated flakes of transition metal dichalcogenides [2]. The 
methods and findings presented here are very general and apply to all other strained or twisted Van der Waals 
structures. 
[1] T.A. de Jong et al., Phys. Rev. Mater. 2, 104005 (2018). 
[2] T.A. de Jong et al., physica status solidi (b) 255.12 (2018): 1800191 
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tronic properties of Van der Waals materials, including stacking domains and Charge 
Density Waves. He obtained a BSc degree in both Physics and Mathematics from Lei-
den University in 2014 and a cum laude MSc degree in Physics from the same univer-
sity. Email: jongt@physics.leidenuniv.nl 
  



CARBONHAGEN 2019 

56 

B6 Andrew Cassidy: Hydrogenating graphene on Pt(111); the C-Pt bond 
Andrew Cassidy, Martha Scheffler, Anders Vertergaard, John Thrower, Claus Frederik Plesner Kastorp, Liv Hornekær  
Institute for Physics and Astronomy, and Interdisciplinary Nanoscience Center, Aarhus University  

 
Graphene on Pt(111) has been reported as a test system for 
“catalysis under cover”.1 The concept of catalysis under 
cover seeks to exploit the benefits of graphene as a corro-
sion preventing barrier to improve the performance of the 
underlying metal as a catalyst. The promise is based on the 
intercalation of the reacting species, e.g., CO, at the gra-
phene-metal interface. We have previously demonstrated 
that CO intercalation can be switched on and off by using H 
atoms to functionalise graphene on Ir(111)2 and here we 
seek to expand these ideas to the more catalytically active 
Gr-Pt(111) system. In addition, hydrogenation of Gr-Pt(111) 
has recently been used for cutting edge scattering measure-

ments to understand H atom sticking at carbon surfaces.3 A full understanding of the reactive sites  between H and 
Gr-Pt(111) would help us to better understand those results. We report UHV experiments, using STM and XPS to 
fully charactise graphene on Pt(111) and the reaction with H atoms. We demonstrate the subsequent formation of 
a C-Pt bond and discuss the sites of the Gr-Pt(111) moiré lattice at which this might occur.  
1. Yao et al., PNAS, 2014 111 (48) 17023-17028 
2. Kyhl et al., ACS Appl. Nano Mater, 2018 1 (9) 4509-4515 
3. Jiang et al. Science, 2019 364 (6438) 379-382 
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ceived his B.Sc. in Chemistry from University College Dublin (2006) and a Ph.D. in Chem-
istry (2010) from the University of Cambridge where he studied the interfacial chemistry 
of organic crystal surfaces. Since finishing his Ph.D, he has been a postdoctoral researcher 
in Aarhus, working with Prof. Liv Hornekær and Prof. David Field.  
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Graphene: Etch Dynamics and Stability Beyond 1000 °C 
Joachim Dahl Thomsen1, Jens Kling2, David M. A. Mackenzie3, Peter Bøggild1, Timothy J. Booth1  
1Center for Nanostructured Graphene, Department of Physics, Technical University of Denmark, Lyngby, Denmark  
2Center for Electron Nanoscopy, Technical University of Denmark, Lyngby, Denmark  
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We study the oxidation of 
clean suspended mono- 
and few-layer graphene in 
real-time by in situ environ-
mental transmission elec-
tron microscopy [1]. At 
pressures below 0.1 mbar 

we observe anisotropic oxidation and the formation of hexagonal holes with armchair-oriented edges and edge 
roughness below 1 nm. At a higher pressure, we observe an increasingly isotropic oxidation, eventually leading to 
irregular holes at a pressure of 6 mbar. In addition, we find that few-layer suspended flakes are stable against 
oxidation at temperatures up to at least 1000 °C in the absence of impurities and electron beam-induced defects. 
These findings show, first, that the oxidation behavior of mono- and few-layer graphene depends critically on the 
intrinsic roughness, cleanliness and any imposed roughness or additional reactivity from a supporting substrate and, 
second, that the activation energy for oxidation of pristine suspended few-layer graphene is up to 43% higher than 
previously reported for graphite. In order to study the oxidative etching of suspended graphene, we have developed 
a cleaning scheme that results in the near complete removal of hydrocarbon residues over the entire visible sample 
area (~50 µm2) [1, 2]. These results have implications for applications of graphene where edge roughness can crit-
ically affect the performance of devices, and more generally highlights the surprising (meta)stability of the basal 
plane of suspended bilayer and thicker graphene towards oxidative environments at high temperature.  
 
[1] J. D. Thomsen, J. Kling, D. M. A. Mackenzie, P. Bøggild, T. J. Booth, ACS Nano, 13, 2, 2281-2288 (2019) 
[2] J. D. Thomsen, T. Gunst, S. S. Gregersen, L. Gammelgaard, B. S. Jessen, D. M. A. Mackenzie, K. Watanabe, T. 
Taniguchi, P. Bøggild, T. J. Booth, Physical Review B, 96, 014101 (2017). 
 

Joachim Dahl Thomsen is a postdoctoral researcher in the Timothy J. Booth group at the 
Technical University of Denmark (Department of Physics) where we also obtained his PhD 
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well as physics of van der Waals heterostructures. He has received a DFF International 
postdoc grant to work in the Frances Ross group at Massachusetts Institute of Technology 
(Department of Materials Science and Engineering) starting September 2019.  
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Graphene by Hot Punching 
AmirAli Abbaspourmani, Ritika S. Petersen, Abhay Shivayogimath,Stephan S. Keller, Timothy J. Booth 
a Department of Physics, Technical University of Denmark, DTU Fysik, Building 345B, DK-2800 Kgs. Lyngby, 
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b National Centre for Nano Fabrication and Characterization, Technical University of Denmark, DTU Nanolab, 

Building 345B, DK-2800 Kgs. Lyngby, Denmark 
 

Graphene patterning is regarded as one of the areas of 
interest due to its necessity for applications. Owing to 
the recent developments in large area production of CVD 
grown graphene, it has now become more accessible to 
study the emergent nanoscale properties of graphene in 
larger scales. However, transferring such nanoscale 
properties to large scales by using conventional gra-
phene patterning methods has remained a challenge. 
The current graphene micro-patterning techniques, in-
cluding electron beam lithography (EBL), optical lithog-
raphy, and nanoimprint lithography are time consuming 
and scale with sample size. In such methods, graphene is 
patterned in a plasma environment through dry etching 
reactions with gases like O2. These reactions lead to 
rough edges and no preferred crystal alignment in pat-
terned graphene, which prevent a systematic approach 
in understanding some of graphene’s mechanical behav-
iors like tearing [1][2]. Consequently, there is a need to 

provide a reliable method for largescale graphene micro-patterning, which will further constitute a way for studying 
some of graphene’s properties such as tearing and cracking [3].  Here, we present hot punching as a novel method 
for largescale micro-patterning of CVD graphene. We have used a micro-patterned nickel stamp to replicate 300 
µm micro-patterns in graphene by applying pressure and temperature. We have investigated micro- and nanostruc-
tures of patterned graphene by using optical microscopy, Raman spectroscopy, AFM, and TEM. AFM results show 
that graphene ribbons with an average width of 0.69 ± 0.21 μm, normal to the edges of the punched areas, are 
formed, while wrinkles have changed their orientation normal to the ribbons edge.  
 
[1] D. Sen et al., ‘’Tearing graphene from adhesive substrates produces tapered nanoribbons’’, Small, Vol. 6, pp. 
1108-1116, 2010. 
[2] K. S. Kim et al., ‘’Large-scale pattern growth of graphene films for stretchable transparent electrodes’’, Nature, 
Vol. 457, pp. 706-710, 2009. 
[3] K. Kim et al., ‘’Ripping graphene: Preferred Directions’’, Nano Lett., Vol. 12, pp. 293-297, 2012. 
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B9 Niels Pichon and Joachim Sødequist: A novel approach to electron 
transport research and teaching using Virtual Reality 
DTU Physics, Technical University of Denmark.  
 

At the atomic scale, correlation between form and function is key. 
Electron transport is no exception to the rule. Any subtle change 
in lattice structure, defect or external contamination can change 
radically the transmission of a given low-dimensional system. 
However, making accurate theoretical predictions of the transport 
properties of a single configuration can be very computation 
heavy, which prohibits rapid testing. This ultimately makes the de-
velopment of an intuition for the phenomena involved at the 
atomic-scale an extremely slow process.  
By leveraging the possibilities offered by Virtual Reality, we pro-
vide a novel approach, which aims at making the teaching and re-
search in 2D materials more approachable, by allowing for fast ex-
perimentation and prototyping. As a demonstrator, we have, using 
various tricks of the trade, designed a tool that outputs real-time 
electron transport predictions, based on the user defined struc-
tures.  
 
 
 
 

 
 

Niels Pichon is currently a Master student at DTU Physics, studying 
fluorographene in Peter Bøggild’s group. Being a VR and AI enthu-
siast, he has been working as student assistant on developing the 
DevinaVR software environment. Joachim Sødequist is also a Mas-
ter Student at DTU Physics, focusing mostly on theoretical con-
densed matter physics. He has been working on the real time 
transport calculation for the last few months as a research assistant. 
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B10 Raluca-Maria Stan: Single-layer NbS2 on Au (111): crystal structure 
and electronic characterization 
Department of Physics and Astronomy, Aarhus University, 8000 Aarhus C, Denmark 
 
Theoretical studies on single-layer (SL) NbS2 have shown that the inclusion of different many-body effects has a 
significant impact on the electronic structure of this system [1]. This might be a unique case for experimentally 

tuning the different many-body interactions--by the 
choice of substrate or doping--in order to reach a de-
sired ground state.  
We present a SL NbS2 that has been epitaxially synthe-
sized on Au (111) substrate [2]. Complementary tech-
niques like scanning tunneling microscopy, low-energy 
electron diffraction indicate excellent crystalline quality 
and the NbS2 lattice is aligned with respect to the Au 
(111) substrate. Furthermore, the SL NbS2 has a hexago-
nal structure with a measured lattice constant of 
(3.29±0.03) Å which is in agreement with the lattice con-
stant of the bulk parent [3].  
The electronic structure of SL NbS2 investigated by 
means of angle-resolved photoemission spectroscopy 
reveals two electron pockets crossing the Fermi level. The 
metallic character has been shown and the general shape 

of the band structure is consistent with the 1H configuration. The observed band broadening can be due to hybrid-
ization with the substrate or strong many-body effects in the system.   
 
[1] E. G. C. P. van Loon, M. Rösner, et al., npj Quantum Materials 3, 32 (2018) 
[2] R. M. Stan, S. K. Mahatha et al., Phys. Rev. Mat. 3, 044003 (2019) 
[3] K. F. Mak, C. Lee, et al., Phys. Rev. Lett. 105, 136805 (2010) 
 

Raluca-Maria Stan received her B.Sc. and M.Sc. in Physics at Alexandru Ioan 
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interested in 2D materials, particularly single-layer (SL) transition metal 
dichalcogenides (TMDCs) because of their exotic physics and correlated 
effects such as charge and spin ordering, Mott insulating states and super-
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terparts. Her PhD project involves the growth of SL TMDCs on Au (111) in 
order to investigate the structural configuration and the electronic proper-
ties of these systems.   
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Tailoring the interaction between excitons in 
semiconducting materials and electromagnetic 
fields focused inside optical cavities is the cor-
nerstone of many applied and fundamental re-
searches in nanophotonics. The coupling 
strength between matter and light can range 
from the weak to the strong regime, where light 
and matter can no longer be treated inde-
pendently but instead as hybridized states shar-
ing both properties of light and matter. In order 
to reach that regime, the coherent energy ex-
change between the excitons and the optical 

field must happen faster than any dissipation processes. With the recent discovery of new low-dimensional materials 
such as transition metal dichalcogenides (TMDC), hosting excitons with binding-energies above 0.3 eV and exhibit-
ing large transition dipole moments, it has been shown experimentally, in combination with plasmonic nanostruc-
tures, that it is possible to reach the strong-coupling regime at room temperature [1, 2]. Here, we report the obser-
vation of strong coupling at room temperature between plasmons in monocrystalline gold nanodisks deposited on 
top of tungsten disulfide (WS2). With dark- and bright-field spectroscopy we show for monolayer WS2 a clear Rabi 
splitting of 108 meV which is at the onset of the strong coupling regime. We use multilayer WS2 to push this 
coupling deeper into the strong-coupling regime and reach a splitting as high as 175 meV. To our knowledge, this 
is the highest Rabi splitting reported for TMDC materials coupled to plasmonic cavities [3]. This investigation could 
lead to the design of novel ultra-compact and efficient light sources. 
[1] J. Wen, et al., “Room-Temperature Strong Light-Matter Interaction with Active Control in Single Plasmonic Na-
norod Coupled with Two-Dimensional Atomic Crystals,” Nano Lett. 17, 4689-4697 (2017). 
[2] M. Stührenberg, et al., “Strong Light-Matter Coupling between Plasmons in Individual Gold Bi-pyramids and 
Excitons in Mono- and Multilayer WSe2,” Nano Lett. 18, 5938-5945 (2018). 
[3] M. Geisler, et al., “Single-Crystalline Gold Nanodisks on WS2 Mono- and Multilayers for Strong Coupling at Room 
Temperature,” ACS Nanophotonics 6, 994-1001 (2019). 
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nanostructures. Nicolas is a member of the Center for Nanostructured Graphene (DTU 
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B12 Claudia Struzzi: MaxPEEM - a dedicated photoemission microscopy 
and spectroscopy beamline at MAX IV Laboratory 
C. Struzzi, N.A. Vinogradov, Y. Niu, A.B. Preobrajenski, A.A. Zakharov 
MAX IV Laboratory - Lund University, Sweden 
 

The Spectroscopic PhotoElectron and Low 
Energy Electron Microscope (SPELEEM) is 
installed at the dedicated beamline Max-
PEEM at MAX IV synchrotron, Lund (Swe-
den). The key feature of the SPELEEM relies 
in the availability of different contrast 
mechanisms allowing imaging structural, 
chemical, electronic, and magnetic proper-
ties with spatial resolutions in the nanome-
ter range. The recent upgrade of the micro-
scope with an aberration corrector im-
proves the spatial resolution of the micro-
scope by an order of magnitude (down to 
2nm resolution in some modes of opera-

tion) and increases the transmission by a similar factor. The samples can be investigated in operando condition by 
exploiting the detection at video-rates and monitoring real-time dynamical processes at the surface at elevated 
temperatures. Sampling structures from the micrometer down to the nanometer scale is feasible thanks to the large 
range of available field of view (from 0.75 μm up to 100 μm). The capabilities of this powerful instrument allow 
surface studies in a wide range of disciplines, e.g. materials science, nano-science, heterogeneous catalysis, corro-
sion science, polymer science. To give a taste of the main characteristics of the different SPELEEM imaging modes 
and to emphasize the capabilities of the instrument, few research examples are presented, e.g. intercalation of ger-
manium at the SiC-graphene interface and graphene protection to oxidation of copper foil. 
 

Dr. Claudia Struzzi is an experimental physicist with experience in surface science. After 
the Master’s Degree in Physics at the Sapienza University of Rome (Italy) in 2012, she 
worked 18 months at the ARPES beamline BaDElPh, at ELETTRA synchrotron in Trieste 
(Italy), where she contributed to the operation, optimization, maintenance and upgrade 
of the beamline, providing support to the external users and performing research ac-
tivities. At the end of 2013, she was awarded by the Belgian Funds for Scientific Re-
search (FNRS) with a fellowship to start the PhD thesis (defended in 2017). Her work 
focused on fluorination of carbon nanostructures (graphene and carbon nanotubes) 
and their implementation in gas sensing devices to test their sensing properties to ppm 
concentration of NO2 and NH3 gases. During the PhD, she gained experience with 
various spectroscopic and microscopic characterization techniques. Immediately after 
the PhD, she joined MAX IV synchrotron in Lund (Sweden) as PostDoc Researcher work-

ing at MaxPEEM beamline where the AC-SPELEEM microscope is installed. In 2018, she won the “Prix de Chimie 
appliquée 2018” that is a biennial price issued by FNRS for an original PhD thesis concerning new concepts and 
applications in the field of industrial chemistry. 
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B13 Marko Kralj: Chemical doping of atomically thin materials 
M. Kralj, M. Petrović, I. Delač Marion, D. Čapeta, D. Novko, N. Vujičić 
Center of Excellence for Advanced Materials and Sensing Devices, Institute of Physics, Croatia 

 

In analogy to intercalation of bulk lay-
ered materials, the concept of chemical 
doping of their atomically thin building 
blocks presents a powerful tool to tailor 
physical and chemical properties and 
applications of two-dimensional (2D) 
materials. First, we present examples of 
epitaxial graphene and hBN subjected 
to adsorption and intercalation of ce-
sium atoms with high degree of struc-

tural ordering [1]. In particular, we observed significant n-doping for semimetal graphene and band shifts for insu-
lating hBN and related effects in electron scattering and in particular modification of optical reflectivity. Next, we 
investigate the effects of doping in CVD grown 2D semiconductor MoS2. We analyzed a concentration and homo-
geneity of point defects related to intrinsic n-doping [2]. In addition, by deposition of lithium atoms and increasing 
of n-doping we measured a degradation of valley polarization and activation of non-zone-center Raman modes [3]. 
In this case, the lack of structural order in alkali metal atoms overlayer was responsible for disorder-activated scat-
tering.  
 
[1] J. Cai, et al., Phys. Rev. B 98 (2018) 195443. 
[2] I. Delač Marion, et al., Nanotechnology 29 (2018) 305703. 
[3] N. Saigal, et al., Appl. Phys. Lett. 112 (2018) 121902. 
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Valleytronics – the proposed field of infor-
mation processing based on the electron 
valley index in e.g. graphene – relies on the 
control of protected valley currents [1]. In 
this work we consider the model of gra-
phene gated via a periodic array of holes in 
a dielectric resting on a bottom electrode. 
We are inspired by the recent transport ex-
periments in such structures [2]. Using 

tight-binding supercell calculations and an unfolding procedure [3], we demonstrate how the electronic structure 
of this system corresponds to a gapped graphene structure with an associated valley Hall effect. We characterize 
the valley polarized currents by extracting the valley Hall conductivity from the unfolded Berry curvature of occupied 
states, and find that these currents become tunable by the gate-potential. We furthermore perform Boltzmann 
conductivity calculations in order to characterize the valley Hall angle and make predictions for the indirect detection 
of such currents in nonlocal transport experiments when the Fermi level is tuned close to the band edge. Finally, we 
demonstrate the stability of the valley Hall effect in these systems when realistic potentials are considered which 
include the effect of disorder in the dielectric. 
 

Johannes H. J. Martiny is a PhD student at DTU Physics in the group of Prof. Antti-Pekka 
Jauho. He received his master degree in condensed matter theory from the Niels Bohr In-
stitute at Copenhagen University in 2016. His current research interests include valley Hall 
effect in graphene superlattices, nonlocal signatures of topological currents in 2D materials, 
impurity-induced magnetization in iron based superconductors, and Anderson localization 
of inter-edge coupled edge states in 2D topological insulators. 
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B15 Sudarshan Vijay: Metal-Nitrogen-Carbon catalysts for CO2  
reduction 
DTU Physics, Technical University of Denmark 
 

Graphene based 2D catalysts hold great promise for CO2 
reduction to CO and CH4. Recent experimental investiga-
tions1 show metal doped Iron-Nitrogen-Carbon (Fe-N-C) 
catalysts are able to reduce CO2 to CO at low overpoten-
tials and with high selectivity. However, modelling these 
materials in an electrochemical environment poses several 
open challenges. In this work, we present a theoretical in-
vestigation on Fe-N-C catalysts which includes the effect 
of potential, interfacial pH, change in local spin states and 
quantum capacitance to properly elucidate the mecha-
nism for CO2 reduction. Energies are benchmarked to 
higher levels of theory and experiment to test the applica-
bility of commonly used methods in computational catal-
ysis to these class of materials. We find that the electronic 
structure of Fe-N-C resembles graphene more than it does 
a metal, with significantly fewer states at the fermi level. 
Charge dependence[2] of binding energies of key inter-

mediates depend on the position of the highest energy d-orbital with respect to the fermi level. Using computed 
reaction energetics coupled with mean-field kinetic models, we are able to ascertain the mechanism for CO2 reduc-
tion and compare our results with experimental findings. We extend this analysis to other Metal-Nitrogen-Carbon 
systems and rational design principles are proposed.   
 
1. Varela, A. S. et al. Electrochemical reduction of CO2 (CO2RR) on Metal-Nitrogen-doped carbon (MNC) catalysts. 
ACS Catal. (2019). 
2. Gauthier, J. et al. Unified Approach to Implicit and Explicit Solvent Simulations of Electrochemical Reaction Ener-
getics doi:10.26434/chemrxiv.8396954.v1 
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One of the most unique characteristics of bilayer gra-
phene (BLG) is the possibility to tune the low-energy 
electron dispersion relation by applying an external 
electric field. This allows for opening up a band gap, 
modifying the band curvatures and even changing the 
topology of the Fermi surface. It has been shown that 
local graphite gates improve the device quality signifi-
cantly compared to devices equipped with a global sil-
icon back gate [1]. This can be explained by the for-
mation of conductive edge channels due to fringe fields 
of the far separated global back gate and a lower dis-
order potential for local graphite gates efficiently 
screening charge disorder in the SiO2. While this cur-
rent technology already allows for the confinement of 
charge carriers in zero or one dimensions [2], novel, 
more complex device geometries require structured top 
and back-gates [3]. This requires structuring of the 

graphite gate, which results in contaminated interfaces and therefore could lead to a reduced device quality. On the 
other hand, using a lithographically defined local gold gate results in a high disorder potential due to its rough 
surface. To avoid both problems, we present a technique to flip the encapsulated graphene with a pre-defined gate 
structure so that the rough surface of the gold is not at the interface to the graphene stack. Bias spectroscopy and 
temperature dependent transport measurements of a flipped gold gate device are also presented and compared to 
the graphite counterpart.  
[1] H. Overweg, et al.: Nano Lett. 2018, 18, 1, 553-559 
[2] L. Banszerus et al.: Nano Lett. 2018, 18, 8, 4785-4790 
[3] J. Li, et al.: Science 2018, 362, 6419, 1149-1152 
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