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Few groups in the world are able to generate two dimensional topological insulators. 
Leo Kouwenhoven's Delft team - in collaboration with film growers from ETH Zürich - has 
secured Dutch membership of this select club. The blue-red-white panels show current vs. mag-
netic field images. Fourier transforms of these superconducting quantum interference patterns ele-
gantly (and importantly) prove that in the 2D topological insulator, the edges of the system carry 
the current (red arrows). Typical for the programme's experiment/theory collaborations, the origin 
of the odd-even, alternating interference pattern in the lower panel is the subject of theory simula-
tions from Carlo Beenakker's theory team in Leiden. 
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1. Scientific results 2014 
Syncing the time-frame to the PhD positions, at the close of last year the FOM programme 
'Topological Insulators' (TIs) was in the first half of its third year.  
 
2014 saw the successful generation of a two dimensional TI state in type-II broken band alignment 
InAs/GaSb quantum wells by the Delft group [11TI02], using MBE-grown films from ETH Zürich. 
This in itself puts the Netherlands in the select group of 2D TI-makers, but scientifically more 
interesting is the proof from quantum interference experiments that the supercurrents induced in 
the 2D TI system are carried by the helical edge states (see cover image). Even before the Delft 
work was published, the Leiden theorists [11TI04] have studied the beating effects observed in 
those experiments (that work will be published in 2015). Experiments on InAs/GaSb double 
quantum wells from HRL Laboratories in Malibu have also been carried out. As the electron and 
hole gases are separated in these systems, tuning of the band alignment can be done via electric 
and magnetic fields, and this opens the door to the experimental investigation of their rich trivial-
topological phase diagramme which has been studied theoretically by the Leiden group [11TI04, 
see both papers listed in this report]. It's a major step forward that the programme now has - also 
experimentally - the twin tracks of 2D and 3D TI materials systems envisaged in the proposal.  
 
Last year also saw the first supercurrent sent through our bulk-insulating 3D topological insulators 
of the type Bi2−xSbxTe3-ySey [11TI01 and 11TI03]. Although these systems are excellent bulk 
insulators, reduced mobility (resulting from heavy alloying) was complicating the UT team's 
device-based experiments. A new approach was adopted, and higher mobility, stoichiometric 
crystals of BiSbTeSe2 and Sn-doped Bi2Te2Se were grown in Amsterdam. We now know these 
systems are sufficiently bulk insulating, but crucially are less scattering. The first flake-based 
experiments in Twente are planned for early 2015 (and we can leak here that for BiSbTeSe2 these 
show highly promising ambipolar behaviour when gated, so watch this space….). Investigation of 
promising half-Heusler systems that display possible topological superconductivity continues.  
 
2014 also saw successful MBE-based growth of epitaxial Bi2Te3 thin films in UT [11TI03]. 
Characterisation with STM (in Twente) and ARPES (in Amsterdam, transferred using a 'UHV 
suitcase') shows the Fermi level to be in the bulk gap, making these films a second approach for 3D 
TI experiments involving junctions with superconductors and magnetic insulators.  
 
In Leiden [11TI05] - in collaboration with the postdoc from the Amsterdam theory group [11TI06] - 
the interplay between topological crystal defects (dislocations) and topological electronic states in 
materials with band inversions away from the Brillouin zone centre was investigated. The UvA 
experimentalists [11TI01] have been inspired by this to start a search for the predicted zero modes 
in the topological crystal insulator Pb1-xSnxSe, with crystals arriving from Tomasz Story's group in 
Warsaw for these experiments at the end of 2014. 
 
All in all things are going very well, and we can look forward to a highly productive and 
scientifically exciting 2015. The existing programme description still fits. 
 
2. Added value of the programme 
There are tight-knit and productive collaborations between Delft [11TI02] & Leiden [11TI04], 
Leiden [11TI05] & Amsterdam [11TI06] and Amsterdam [11TI01] & Twente [11TI03]. All of these 
three joint lines are leading to joint or heavily mutually-influenced publications, and involve 
frequent contact and tuning of the research being done.  
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What about growing the connections between these lines? On the materials front, we see a 
simultaneous development of 2D TI systems available from Delft and both the 3D TI crystals and 
thin films now hitting the sweet spot in terms of bulk-insulation and surface state mobility. This 
means the 2D and 3D materials are suitable for the clean-room and for the flip-chip approaches. 
The links between Twente (using UT and UvA materials) and Delft can now grow quickly, so as to 
realise the synergies available in the areas of gating technologies and superconducting interfacing, 
for example. The second new connection involves the dislocation work from the Leiden theorists. 
This has stimulated experimentalists in Amsterdam to start a search for this in real materials using 
STM. In addition, the predicted novel magnetotransport effects connected to Weyl fermion 
behaviour coming from their newest dislocation calculations will be a tempting prospect for 
transport experiments in Amsterdam, Twente or Delft. The UvA theory postdoc Lahtinen was 
heavily involved in this theory work with the Zaanen group, illustrating how the team-spirit in the 
programme turned a potential hitch (deanship of 11TI06 PI Kareljan Schoutens) into very 
promising new science.  
 
The atmosphere between the groups is friendly yet also intellectually robust. In the programme 
meeting held in Amsterdam in the summer of 2014, young researchers presented their work and a 
lively discussion of the status and perspectives of each project ensued, also catalysing important 
changes or new joint activities such as those related above. PI's are regularly on PhD committees 
from other groups. 
 
The community formed by the programme was also visible in activities such as the symposium 
'Topological Insulators 2' organised in 2014 by the programme leader with Tomasz Story (Warsaw) 
and Liang Fu (MIT) at the E-MRS Fall Meeting in Warsaw. There were a number of speakers from 
the FOM TI-programme (not suggested by the Amsterdam organiser!). It would be a surprise if 
there were not to be a proposal for a TI symposium at the EPS's CMD26 meeting being hosted in 
Groningen in Sept. 2016 with significant programme-134 involvement. 
 
August 2015 sees a programme meeting again in Amsterdam. This enables the consortium to 
'synchronise their watches' entering the most productive phase of the programme, as most of the 
PhD's enter their last 12-18months.  
 
3. Personnel 
All the PhD positions are currently filled, and all PhD students are doing well. All are first author 
on publication(s) - numbers depending on their starting date, and co-authors on more papers. As is 
to be expected from this, no project leaders express any reservations in terms of PhD deadlines 
being met. The programme's postdocs have gone on to positions in universities: Dong Wu (from 
11TI01 to Sun Yat-sen University in China, permanent position); Fanming Qu (from 11TI02 to the 
IoP of the Chinese Academy of Science in Beijing, fixed term position) and Ville Lahtinen (from 
11TI06 to the FU Berlin on a Dahlem Research School POINT Fellowship, fixed term position). The 
postdoc position left by Dong Wu's return to China was open at the end of 2014, and a recruitment 
effort is underway. The guest activity is expected to pick up in the closing third of the programme 
time-frame. 
 
In 2014, the programme saw its first PhD graduation. Tran Van Bay started his PhD trajectory on a 
fellowship paid out of Vietnam, and finished it on a FOM grant on superconductivity. As possible 
(half-Heusler) topological superconductors were a major part of his PhD research and he was a 
keen member of the programme-134 community, we include the PhD graduation here: 
• Experimental Investigation of Potential Topological and p-wave Superconductors. 

Tran Van Bay, University of Amsterdam, 09.09.2014. Supervisor: Anne de Visser  
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Prof. Felser from MPI-Dresden, as well as Kareljan Schoutens from 11TI06 were in the PhD 
committee. Dr. Bay is now a postdoc with Meike Stöhr in Groningen. 

Finally, although also not paid by this FOM programme, the programme community was pleased 
to see FOM-oio Nick de Jong (UvA) win the Young Scientist Award at the E-MRS Fall Meeting in 
Sept. 2014 in Warsaw for the best student presentation in the TI Symposium. Nick's talk was on 
using photon beams to influence the energy landscape of the topological surface states in 3D TI's at 
the micron scale (the paper on this from the 11TI01 team is currently under review). Yu Pan (OIO 
in the programme @11TI01) was runner up for the same prize. 
 
4. Publications 
Below an overview of the most important publications per project is given, selected by the 
programme leader + leader of each project. People employed by the FOM programme are 
signalled using boldface, PI's are underlined. 
 
In total 2014 saw 13 first-line programme papers in print [two joint], an additional three are still 
under consideration. Second line papers (relevant to the work of the programme, but less directly 
connected to the FOM employees) for 2014 numbered six in print and two under consideration. 
 
11TI01 
- Y. Pan, D. Wu, J.R. Angevaare, H. Luigjes, E. Frantzeskakis, N. de Jong, E. van Heumen, 

T.V. Bay, B. Zwartsenberg, Y.-K. Huang, M. Snelder, A. Brinkman, M. S. Golden and  
A. de Visser, Low Carrier Concentration Crystals of the Topological Insulator Bi2−xSbxTe3-ySey: A 
Magnetotransport Study, New Journal of Physics 16, 123035, 2014. 
Joint UvA + UT publication 

- B. Yan and A. de Visser, Half-Heusler topological insulators, MRS Bulletin 39, 859-866 
(2014).Invited review in a special issue on Topological Insulators, guest edited by Claudia Felser 
(MPI-CPfS Dresden) and Xiao-Liang Qi (Stanford). Prof. Felser is associated to the FOM 
Programme 134 as external member of the research consortium. 

 
11TI02 
- Vlad S. Pribiag, Arjan J. Beukman, Fanming Qu, Maja C. Cassidy, Christophe Charpentier, 

Werner Wegscheider, and Leo P. Kouwenhoven, Edge-Mode Superconductivity in a Two 
Dimensional Topological Insulator, arXiv 1408.1701, 2014. 

 
11TI03 
- M. Snelder, C.G. Molenaar, Y. Pan, D. Wu, Y.K. Huang, A. de Visser, A.A. Golubov, 

W.G. van der Wiel, H. Hilgenkamp, M. S. Golden and A. Brinkman, Josephson supercurrent in 
a topological insulator without a bulk shunt, Supercond. Sci. Technol. 27 104001 (2014). 
Joint UT + UvA publication. 

- C.G. Molenaar, D.P. Leusink, X.L. Wang, and A. Brinkman, Geometric Dependence of Nb-
Bi2Te3-Nb Topological Josephson Junction Transport Parameters, Superconductor Science and 
Technology 27, 104003, 2014. 
Published in a special issue of the journal entitled 'Topological Superconductivity' which was 
guest-edited by two PI's from the FOM programme: Hans Hilgenkamp (UT) and Anne de 
Visser (UvA). 

 
11TI04 
- D.I. Pikulin, T. Hyart, Shuo Mi, J. Tworzydlo, M. Wimmer, and C.W.J. Beenakker, Disorder and 

magnetic-field induced breakdown of helical edge conduction in an inverted electron-hole 
bilayer, Physical Review B 89, 161403 (Rapid communication, Editor's choice), 2014. 
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- D.I. Pikulin and T. Hyart, Interplay of Exciton Condensation and the Quantum Spin Hall Effect 
in InAs/GaSb bilayers, Physical Review Letters 112, 176403, 2014. 

 
11TI05 
- Robert-Jan Slager, Andrej Mesaros, Vladimir Juričić, and Jan Zaanen, Interplay between 

Electronic Topology and Crystal Symmetry: Dislocation-Line Modes in Topological Band 
Insulators, Physical Review B 90, 241403, 2014. 

 
11TI06 
- Ville Lahtinen, Andreas W.W. Ludwig, and Simon Trebst, Perturbed Vortex Lattices and the 

Stability of Nucleated Topological Phases, Physical Review B 89, 1, 2014. 
- James de Lisle, Suvabrata De, Emilio Alba, Alex Bullivant, Juan J. Garcia-Ripoll, Ville Lahtinen, 

and Jiannis K Pachos, Detection of Chern Numbers and Entanglement in Topological Two-
Species Systems through Subsystem Winding Numbers, New Journal of Physics 14, 083022, 
2014. 

 
5. Valorisation and outreach 
No patents were filed.  
Here a list of some of the media /outreach / public understanding of science activities of 
programme members for the last year: 

Mark Golden (11TI01) 
• Universiteit van Nederland: 'Kwantumfysica en supergeleiding' 

Recorded at the Amsterdam night-club Air on 18 March 2014 
Online at www.universiteitvannederland.nl/hoogleraren, or 
https://www.youtube.com/playlist?list=PLZ0df6wQ5oO9WNkxYXOAAaZz40E1zaEAO  
Featured on Ziggo channel, AT5, NTR… 

• Volkskrant 'Stroom in de knoop' V6, 8 February 2014 (also featured Carlo Beenakker, 
Leo Kouwenhoven) 

Alexander Brinkman (11TI03) 
• Opinie: Jonge Akademie - New Scientist (Dutch edition), July 2014, p94-95 
• MESA+ magazine www.utwente.nl/mesaplus/public/magazine/magazine12014/  

'Room for Wild Ideas' 

Carlo Beenakker (11TI04) 
• Kwantummechanica: Wat is dat nou eigenlijk, De Bovenverdieping, Amsterdam, 16 October 

2014. 
• Nobelprijs natuurkunde 2014, KNAW-avond van de Nobelprijzen, Amsterdam, 10 October 

2014. 
 
6. Vacancies 
PD in 11TI01 for sample growth. 
 
  

https://www.youtube.com/playlist?list=PLZ0df6wQ5oO9WNkxYXOAAaZz40E1zaEAO
http://www.utwente.nl/mesaplus/public/magazine/magazine12014/
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Fact sheet as of 1 January 2015 

 FOM - 11.1833/3 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME  
 
 
Number 134. 
  
Title (code) Topological insulators (TI) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. M.S. Golden 
  
Duration 2012-2017 
  
Cost estimate M€ 2.7 
  
Concise programme description 
a. Objectives 
The primary aims of FOM programme 134 are to create, investigate and control the novel electronic, 
magnetic and superconducting properties arising from topologically protected electronic states in 
2D and in particular 3D topological insulator (TI) systems. The programme consortium will make 
3D TI's in the form of high quality single crystals and thin films, mainly based on the Bi-based 
family of materials (Bi2Se3, Bi2Te3, Bi2Te2Se etc.). These samples will be extensively investigated 
using surface sensitive spectroscopies & transport probes. In addition, they will be studied 
regarding the interaction between topological crystalline defects and the topological electronic 
states, as well as regards interfacing to metals, magnets and superconductors. Mastery of the create 
- investigate - control cycle, in which experimental and theoretical insight go hand in hand, will 
enable the consortium to reach flagship goals ranging from a robust and convincing quantum 
(anomalous) Hall effect from the surface states of a 3D TI up to proof of the existence of Majorana 
fermions in TI devices. 
 
b. Background, relevance and implementation 
Topological insulators are a research theme at the forefront of global current physics as well as 
materials chemistry and materials science interest. Not only is this field of great impact as regards 
understanding novel electronic and magnetic properties, it is also spilling over into neighbouring 
areas, such as the ultracold quantum gases. 
The special significance of this field is that the basic mathematical concept of topology makes itself 
felt - even at room temperature - in the existence of conducting edge/surface states against the 
background, ideally, of an insulating bulk in 2D/3D TI materials. In addition, the peculiar 
scattering behaviour and 100% spin-polarisation of these edge states makes these materials of great 
interest as a possible future platform for low-power spintronic applications and even topological 
quantum information processing. 
The programme consortium, comprising groups from Amsterdam, Twente, Delft & Leiden, has 
been carefully selected to bring together high-level expertise in areas such as materials, 
nanoscience, surface studies, superconductivity and solid-state quantum information processing.  
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The programme is implemented around three central objectives covering the creation (single 
crystals, thin films, dislocations and strained systems), investigation (electronic structure, transport, 
magnetic & superconducting properties) and control (devices, surface-dominated transport, quantum 
[anomalous] Hall, Majorana fermions) of 2D & 3D TI-based systems. All three objectives involve an 
orchestrated interplay between experimentexperiment, experimenttheory and between the 
theory activities.  
 
 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 ≥ 2020 Totaal 

FOM-basisexploitatie 2.069 437 195 - - - - 2.701 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.069 437 195 - - - - 2.701 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-11.1200 
b) Ex ante evaluation: FOM-11.1358 
c) Decision Executive Board: FOM-11.1834 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DK par. HOZB 
 
 
Subgebieden: 60% COMOP, 40% NANO  
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2012 - 1.3 2.7 - 208 

2013 - 4.0 5.2 - 663 

2014 - 3.1 5.1 - 491 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2012 - 7 16 - 

2013 - 9 35 - 

2014 1 13 57 - 

* After closing the financial year. 
 
 
PhD defences 
2012 
None. 

2013 
None. 

2014 
Tran Van BAY, 09 September 2014, FOM-A11. 
Title: Experimental Investigation of Potential 
Topological and p-wave Superconductors. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-A-11 

Leader Prof.dr. M.S. Golden 
Organisation University of Amsterdam 
Project leaders Dr. A. de Visser (UHD) 
 Dr. E. van Heumen (TT-UD) 
Programme Topological insulators 

Project (title + number) Crystal growth and electronic structure of TI's and topological 
superconductors 11TI01 

 
FOM employees on this project 
Name  Position Start date End date 
Y. Pan PhD 01 September 2012 31 August 2016 
S.V. Ramankutty PhD 15 November 2014 31 January 2018 
 
 
Workgroup FOM-A-25 

Leader Prof.dr. J.-S. Caux 
Organisation University of Amsterdam 
Programme Topological insulators 
Project (title + number) Developing a quantum field theory for 3D TI's 11TI06 
 
FOM employees on this project 
Name  Position Start date End date 
V.T. Lahtinen postdoc 01 October 2012 30 September 2014 
 
 
Workgroup FOM-D-41 

Leader Prof.dr.ir. L.P. Kouwenhoven 
Organisation Delft University of Technology 
Programme Topological insulators 
Project (title + number) Nanoscale electronic devices fot 2D and 3D TI's 11TI02 
 
FOM employees on this project 
Name  Position Start date End date 
F. Qu postdoc 01 August 2012 31 July 2014 
D.J. van Woerkom PhD 01 December 2012 30 November 2016 
 
 
  



 
 
 

 
 
 - 11 - 
 

Workgroup FOM-L-05 

Leader Prof.dr. C.W.J. Beenakker 
Organisation Leiden University 
Programme Topological insulators 
Project (title + number) Theory of the transport properties of TI's 11TI04 
 
FOM employees on this project 
Name  Position Start date End date 
B.M. Tarasinski PhD 07 January 2013 06 January 2017 
T.T. Hyart postdoc 01 October 2012 30 September 2014 
 
 
Workgroup FOM-L-15 

Leader Prof.dr. J. Zaanen 
Organisation Leiden University 
Programme Topological insulators 
Project (title + number) Theory of topological defects in 2D and 3D TI's 11TI05 
 
FOM employees on this project 
Name  Position Start date End date 
R.J. Slager PhD 01 January 2012 31 December 2015 
 
 
Workgroup FOM-T-40 

Leader Prof.dr.ir. A. Brinkman 
Organisation Twente University 
Programme Topological insulators 
Project (title + number) Thin film growth & interfacing of TI's tosuperconductors 11TI03 
 
FOM employees on this project 
Name  Position Start date End date 
M.P. Stehno postdoc 01 August 2013 31 July 2015 
P. Ngabonziza PhD 01 September 2012 31 August 2016 
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