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In a topological insulator the wave functions of the electrons form a complex knot that cannot be unravelled. 
The researchers discovered that the precise description of the knot depends on the underlying crystal sym-
metry. The figure visualises the possible topological quantum states on a triangular lattice. The periodicity of 
the lattice, as equally the triangular pattern, as a function of the wave number in the x- and y- directions, is 
clearly visible. The red 'centre' of the knot is, however, displaced in the various cases. These different states 
have different properties with respect to the conductance past lattice defects and on the surface of the crystal. 
This type of conduction is interesting for possible electronic applications, as it is protected by the underlying 
topology. 
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1. Scientific results 2013 

The programme is running very well, with 2013 seeing significant progress in a number of 
important research areas. 

Successes 
Insulating crystals 
Insulator by name, not always by nature, this is due to Se vacancies and Bi-Te antisite defects. 
Consolidation of successes in crystal growth gave quaternary Bi-based materials (e.g. 

Bi1.46Sb1.54Te1.7Se1.3, BSTS) with reproducibly high resistivity at low-T. For single crystals <1m 
thickness, 95 percent of the current is through the surface. Joint (UvA+UT) publication in prepara-
tion. 

Gating and supercurrents 
The UT team have clear signs of electrostatic (back-gate) influence of the surface states of BSTS and 
have a 'first' in the observation of supercurrents in sc-BSTS-sc junctions, a milestone that is also 
being prepared for joint (UT+UvA) publication. 

Theory of real materials 
'Real materials' have been the focus, delivering important advances as regards: 
- the role of space group symmetries (LEI-Zaanen), vital for rational materials searches; pub-

lished in Nature Physics, cover-story of this report and our 'highlight' for 2013; 
- novel fermion parity effects in transport (LEI-Beenakker), important for providing experimenta-

lists a phase- -periodic Josephson effect; published in 2 PRLs. 

Dark horses 
Responding to new developments in the field, programme 134's teams have rapidly investigated: 
- SmB6 - a possible topological Kondo insulator (UvA, Beijing) ARPES published in PRX: 
- ErPdBi - non-centrosymmetric half-Heusler system displaying superconductivity and mag-

netism (UvA, Néel-Grenoble, CPfS-Dresden) published in EPL: 
- BiRhI (UT, IFW-Dresden), a proposed weak TI, but no surface transport found. 

Thin films 
First thin films of Bi2Te3 successfully grown in UT (e-beam evaporation); the deposition system is 
complete and coupled in-situ to XPS and STM. 

Flip chip 
Delft's flip-chip requires technology development of a type never done before. Important progress 
has been made, with successful measurements of quantized conductance, Coulomb blockade 
oscillations and quantum interference in the quantum Hall effect. 
 
Bottlenecks 
Mobilities 
BSTS bulk conductivity may be low (good), but so is the mobility of the surface states (not so 
good). Although we already observe quantum oscillations from BSTS flakes (ahead of the pro-
gramme planning), we want this to be more common 
 action1: crystal selection shifted: resistivity  Hall mobility 
 action2: enhancing mixing and homogenisation in crystal growth 
 action3: ARPES/XPS to help develop sample-mounting/contacting techniques preserving sur-
face quality. 

Deanship 
P.I. Schoutens (UvA) served as Science Faculty Dean until 01.01.2014, impacting the development 
of quantum field theories for 3D-TI's. 
 action: UvA PD-hire Lahtinen also embedded in LEI-Zaanen group, leading to promising new 
collaborations 
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In the pipeline - developments about to happen and as yet unpublished work 

Thin films@UT 
Next step is to move to Bi2Te2Se thin films, with UHV-suitcase in-situ transfer to UvA-ARPES. 

Surface photovoltage effects 
These can be used to 'write' micron-scale patterns of purely topological states in a trivial back-
ground. Transport experiments under illumination now underway (UvA+UT). 

Theory for dislocations 
LEI-Zaanen-team (+PD-Lahtinen [UvA]): theory for propagating zero-modes living on dislocation 
lines in 3D (paper@PRL); collective states and anyonic behavior in 2D-TI's. 

Flip chip 
Next step at TUD is measurements on ultra-high-mobility 2DEG's (Pfeiffer group, Princeton). 

2D-TI's 
The Delft group is now working on 2D-TI's using InAs/GaSb double-quantum wells from the ETH 
group of Wegscheider. This looks to be a very promising avenue. 
 
2. Added value of the programme 

Three strong axes of collaboration in the programme display coherence well beyond that of adja-
cent FOM-Projectruimtes: 

a) UvA-UT (materials/transport) 
physical/skype meetings were every 8-10 weeks; all kinds of data are shared on a common drop-
box. Pristine samples, lithographically-contacted BSTS-flakes and Hall bars move between 
Amsterdam  Twente, accompanied by OIOs and PDs. This tight collaboration is definitely 
bearing fruit. 

b) LEI-TUD (theory-experiment) 
close collaboration exists between the Kouwenhoven and Beenakker groups, with PD Timo Hyart 
(Leiden) playing an important role for the experimentalists, particularly now the 2D TI's are com-
ing onto the Delft stage. 

c) LEI-UvA (theory-theory) 
UvA PD Lahtinen has hooked up very effectively with the LEI-Zaanen team working on disloca-
tions in TI's. This looks poised to deliver some new ideas for study braiding and collective states of 
dislocations in TI's. 

In the third year of the programme, we will strengthen the links between these three axes. Despite 
many bilateral meetings, the full programme did not meet in 2013: the responsibility for this lies 
wholly with the programme leader who is committed to improvement on this score. The whole 
programme meets in spring 2014, and future 6-monthly meeting slots have now been reserved 
through to the end of 2016. 
 
3. Personnel 

In 2013 all six oio positions and five postdoc positions were occupied. 
Here the changes: 
- one oio (Vinh, in UvA-exp) did not root among the spectroscopists. After long coaching and 

monitoring, a joint decision was reached to stop. S.V. Ramankutty (ex-Tata Institute) takes up 
the baton in 2014; 

- PD Martin Stehno (ex-UI-Urbana-Champaign) recruited to UT in August; 
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- PD Dong Wu (UvA-exp) returned to his home university in the summer. Recruitment inter-
views are being held with promising candidates (Paglione lab@Maryland, Kanatzidis 
lab@Argonne). We expect this position to be filled by fall 2014; 

- oio Brian Tarasinski (ex-FU Berlin) recruited to LEI-Beenakker in January. 
 
The PI's report the PhD projects of all OIOs now active to be on course; some - e.g. Robert-Jan 
Slager - are off to flying starts. Yu Pan (UvA-exp) won the Best Poster Prize at the 2013 NEVAC 
Day in Amsterdam for her work on bulk insulating BSTS. 
 
Ville Lahtinen (UvA-theory) and Vladimir Juricic (UU) are regular guests in the LEI-Zaanen group. 
 
4. Publications 

 
11TI01 
- E. Frantzeskakis, N. de Jong, B. Zwartsenberg, Y.K. Huang, Y. Pan, X. Zhang, J.X. Zhang, F.X. Zhang, 

L.H. Bao, O. Tegus, A. Varykhalov, A. de Visser, M.S. Golden, Kondo hybridisation and the origin 
of metallic states at the (001) surface of SmB6, Phys. Rev. X 3, 041024, 2013. 

- Y. Pan, A.M. Nikitin, T.V. Bay, Y.K. Huang, C. Paulsen, B.H. Yan and A. de Visser, Superconductiv-
ity and magnetic order in the noncentrosymmetric half-Heusler compound ErPdBi, Europhys. 
Lett. 104 27001-1:6, 2013. 

 
11TI02 
- None. 
 
11TI03 
- M. Veldhorst, M. Snelder, M. Hoek, C.G. Molenaar, D.P. Leusink, A.A. Golubov, H. Hilgenkamp, 

A. Brinkman, Magnetotransport and induced superconductivity in Bi based three-dimensional 
topological insulators, Phys. Status Solidi RRL 7, 26, 2013. 

- M. Snelder, M. Veldhorst, A.A. Golubov, A. Brinkman, Andreev bound states and current-phase 
periodicity in three-dimensional topological insulators, Phys. Rev. B 87, 104507, 2013. 

 
11TI04 
- C.W.J. Beenakker, D.I. Pikulin, T. Hyart, H. Schomerus, and J.P. Dahlhaus, Fermion-parity anomaly 

of the critical supercurrent in the quantum spin-Hall effect, Physical Review Letters 110, 017003, 
2013. 

- C.W.J. Beenakker, J.M. Edge, J.P. Dahlhaus, D.I. Pikulin, Shuo Mi, and M. Wimmer, Wigner-Poisson 
statistics of topological transitions in a Josephson junction, Physical Review Letters 111, 037001, 
2013. 

 
11TI05 
- A Mesaros, R.J. Slager, V. Juricic, J. Zaanen, Zero-energy states bound to a magnetic pi-flux vortex 

in a two-dimensional topological insulator, Nuclear Physics B 867, 977-991, 2013. 
- R.J. Slager, A. Mesaros, V. Juricic, J. Zaanen, The space group classification of topological band 

insulators, Nature Physics 9, 98, 2013. 
 
11TI06 
- J.K. Pachos, E. Alba, V. Lahtinen and J.J. Garcia-Ripoll, Seeing Majorana fermions in time-of-flight 

images of spinless fermions coupled by s-wave pairing, Phys. Rev. A 88, 013622, 2013. 
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5. Valorisation and outreach 

Research into topological insulators is still in the exploratory stage. Their potential towards 
spintronics and quantum information is a driver of the field, but the applications horizon is still 
some way off. Some of the PI's mention that their current work (e.g. surface photovoltage 'elec-
tronic lithography'; new types of electro-mechanical effects from dislocation lines in 3D TI's) could 
have impact beyond the most often discussed possible applications of these systems. 
 
11TI01 (UvA exp.) 
Mark Golden, (with Harry Buhrman, CWI) gave a two-hour public lecture: Quantumknopen en ver-
strengelde informatie (20.11.2013), part of the Spui25 College Tour 
www.spui25.nl/programma/content/lezingen/2013/11/201113-fnwi-collegetour-quantum-
knopen.html 

11TI02 (TUD) 
Leo Kouwenhoven gave a lecture of Majorana's at Lowlands University 2013. 

11TI04 (LEI-Beenakker) 
Carlo Beenakker spoke on Majorana particles at the focus session Quantum science and applica-
tions, at Fysica2013. 

11TI05 (LEI-Zaanen) 
Jan Zaanen was featured with Mark Golden in a Volkskrant article discussing (topological) quan-
tum phases of matter 
www.volkskrant.nl/vk/nl/2844/Archief/archief/article/detail/3414107/2013/03/23/Almaar-
maffere-materie.dhtml 
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Fact sheet as of 1 January 2014 

 FOM - 11.1833/2 
 datum: 01-05-2014 
 
 
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€ < 2013 2014 2015 2016 2017 2018 ≥ 2019 Totaal 

FOM-basisexploitatie 1.409 660 437 195 - - - 2.701 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.409 660 437 195 - - - 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 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2012 - 7 16 - 

2013 - 9 35 - 

* After closing the financial year. 
 
 
PhD defences 

2012 
None. 

2013 
None. 

 
 
Patents (new/changes) 

2013 
None. 

 

  
  
  

 
  



 
 
 

 
 
 - 10 - 
 

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) 
Chrystal growth and electronic structure of TI'sand topological 
superconductors 11TI01 

 

FOM employees on this project 

Name  Position Start date End date 

Y. Pan oio 01 September 2012 31 August 2016 

D. Wu postdoc 01 August 2012 31 July 2013 

V. Ho Xuan oio 01 February 2012 31 March 2013 

 
 
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 
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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 

 


