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1. Scientific results 2014 
The year 2014 has been the starting year for the 'DESCO' programme. However, for the RU, UT 
and UvA groups, 2014 also meant the transition from the previous, related FOM 'InterPhase' 
programme to the current programme.  
 
The publication by A. McCollam et al., listed below, marks this transition. It describes a study on 
the quantum oscillations ('Shubnikov-de Haas oscillations') observed at high magnetic fields at RU 
in high-mobility oxide 2-DEGs fabricated at UT. With this study, more insight is gained into the 
complex multiband behaviour of the 2-dimensional electron gases. This insight and our ability to 
fabricate the high-mobility oxide 2-DEGs needed for these studies are very valuable for the start-
up of the DESCO project. 
 
Indeed, in his MSc project, the UT student Sander Smink (subsequently appointed from Jan 1, 2015 
as UT OIO-2 in the DESCO-project) used the knowledge described by McCollam et al. to model the 
electric field response of the LaAlO3-SrTiO3 2-DEG, when applying top-gating. In particular he 
could relate the electric-field dependent gate-capacitance based on the multiband characteristics of 
the oxide 2-DEGs. A publication on this is in preparation. 
 
The UT group has discovered that a magnetic transition occurs in thin films of LaMnO3 on SrTiO3, 
when a critical thickness of 6 unit cells is surpassed. Below this thickness the films are 
antiferromagnetic, above it ferromagnetic, as revealed by scanning SQUID microscopy. This effect 
is very reminiscent to the occurrence of conductivity above a critical thickness of four unit cells of 
LaAlO3 on SrTiO3. The magnetic transition has been described in X. Renshaw Wang et al, ArXiv 
1409.0520. At the writing if this report, this paper is close to acceptance by Science.  
 
At the RU group, two PhD students already started in 2014. They have performed first 
experiments on a persistent photoconductivity effect in the oxide 2-DEGs, in which by UV-
irradiation the resistivity of the 2-DEG can locally be reduced by an order of magnitude in a 
persistent way. In addition, the RU group has started exploratory studies in a high pressure set up, 
together with a group at Cambridge University and have set up a torsional magnetometer, with 
which magnetic effects in the oxides can be studied with great sensitivity. 
 
The TUD group has explored the electrostatic nanoscale confinement of oxide interfaces by 
patterned top-gates. A publication has already emanated from this work, published in 2015 in 
NanoLetters (S. Goswami et al., NanoLetters 15, 2627 (2015). 
 
The UvA group has further studied oxide interfaces fabricated at UT by photo-emission 
spectroscopy. In particular, they have looked at possible valency changes of the Mn ions in the 
above mentioned LaMnO3 on SrTiO3 system, when the magnetic transition occurs. Further studies 
will be conducted on this theme when the UvA PhD student in the DESCO programme is on track. 
 
In the LEI group, low energy electron microscopy (LEEM) studies have been performed on the 
surface of SrTiO3 and LaAlO3, and on the spectroscopic signatures when going through the critical 
thickness for conductance of LAO on STO. Also the conducting magnetic oxide La0.5Sr0.5CoO3 was 
studied with STM. 
 
2. Added value of the programme 
The programme unites various groups in the Netherlands with a common interest, namely the 
special electronic/magnetic properties of interfaces in complex oxides, yet with complementary 
expertise (fabrication and various forms of characterization). Samples are being exchanged 



 
 
 

 
 
 - 4 - 
 

between the various groups, and even vacuum-suitcase transfer has been established between 
different partners of the programme, so that samples can be shipped between the various labs 
without breaking the vacuum. Regular contact moments exits between various groups 
participating in the programme, and a general group leaders meeting has taken place on June 19, 
2014. Also at the FOM Veldhoven 2015 meeting all group leaders, newly appointed PhD students 
and prospective PhD students have gathered. Now that almost all positions have been filled, the 
general programme meetings will get a more regular schedule of 4 meetings per year. The first will 
be at the University of Twente on June 18, 2015. In this, preparations for a winter/spring school 
will be discussed, which is foreseen for early 2016, in which various experts will be invited to 
discuss the state of the art in this research field. 
 
3. Personnel 
Several positions have been filled already in 2014, and most of the remaining vacancies have been 
filled in the first half of 2015. (see also under 6. vacancies). Altogether, the programme-team 
consists of a nice and enthusiastic mixture of PhD-students and post-docs of Dutch and 
international origin, male and female, with a strong commitment to collaborate and make the 
programme to a success. Indeed, various bilateral visits have already taken place and common 
research activities have started up. 
 
4. Publications 
Publications 
- A. McCollam, S. Wenderich, M.K. Kruize, V.K. Guduru, H.J.A. Molegraaf, M. Huijben, 

G. Koster, D.H.A. Blank, G. Rijnders, A. Brinkman, H. Hilgenkamp, U. Zeitler and J.C. Maan, 
'Quantum oscillations and subband properties of the two dimensional electron gas at the LaAlO3/SrTiO3 
interfaces', Applied Physics Letters Materials 2, 022102 (2014). 

- S. Kelly, F. Galli, J. Aarts, S. Bose, M. Sharma and C. Leighton, 'Direct real space observation of 
magneto-electronic inhomogeneity in ultra-thin film La0.5Sr0.5CoO3- on SrTiO3 (001)', Applied Physics 
Letters 105, 112909 (2014). 

- G. Drera, G. Salvinelli, F. Bondino, E. Magnano, M. Huijben, A. Brinkman and L. Sangaletti, 
'Intrinsic origin of interfacial states and band offset profiling of nanostructured LaAlO3/SrTiO3 
heterojunctions probed by element-specific resonant spectroscopies', Phys. Rev. B 90, 035124 (2014). 

 
Talks 
In total 8 invited talks including: 
- M.S. Golden (Invited), ‘Very, Verwey fast: speed limit for switching in magnetite’, Physics@FOM, 

Veldhoven (NL), 21 January 2014. 
- Brinkman (Invited), ‘Correlations at oxide interfaces’, Gordon Research Conference on Correlated 

Electroncs, Mt Holyoke, USA, 23 June 2014. 
- U. Zeitler (Invited), ‘Coexistence of High-mobility and Low-mobility Carriers in the LaAlO3/SrTiO3 

Interface’ 21st International Conference on 'High Magnetic Fields in Semiconductor Physics', 
August 3-8, 2014, Panama City Beach, FL, USA. 

- D. Caviglia (Invited), ‘Ultrafast magnetic dynamics in nickelates heterostructures’ COST TO-BE 
meeting Rome (It), 22-23 September 2014, eMRS Lille (Fr) 11-14 May 2015. 

 
Posters 
In total four posters including:  
- Jost, V.K. Guduru, S.Wenderich, A. Brinkman, H. Hilgenkamp, S. Wiedmann, U. Zeitler, J.C. 

Maan; Transport and thermoelectric properties of the LaAlO3/SrTiO3 interface, 21st International 
Conference on 'High Magnetic Fields in Semiconductor Physics', August 3-8, 2014, Panama City 
Beach, FL, USA. 
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5. Valorisation and outreach 
Given the early stage of the programme, there have been no noteworthy activities yet regarding 
valorisation. Regarding outreach, the various project members have been involved in regular 
outreach activities in their respective universities. 
 
6. Vacancies 
Most of the PhD positions have been filled in 2014 or in the spring of 2015. The remaining 
vacancies are:  
- 1 PhD student at the UT ('UT-3 'in the original proposal). For this position a candidate has been 

identified who will most likely start by July 1. 
- 1 PhD student at UvA. For this position the UvA project leader has been granted an extension 

by FOM till October 1. 
- 1 Postdoc at UvA. This postdoc was already envisioned in the project proposal to start at a later 

stage, and it has been agreed with FOM that this position will be filled before April 1, 2016. 
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Fact sheet as of 1 January 2015 

 FOM - 13.1986/1 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME  
 
 
Number 149. 
  
Title (code) 2-dimensional electron systems in complex oxides (DESCO) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. H. Hilgenkamp 
  
Duration 2014-2019 
  
Cost estimate M€ 2.9 
  
Concise programme description 
a. Objectives 
The prime objectives of this programme are to explore novel quantum transport features of (nano) 
structured 2-dimensional electron gasses (2-DEGs) based on combinations of complex oxides, and 
the tailoring of these oxide 2-DEGs for potential applications.  
 
b. Background, relevance and implementation 
In recent years, great progress has been achieved in the creation and basic exploration of 
unconventional 2-dimensional electron gases ('2-DEGs') arising at complex oxide interfaces, such 
as LaAlO3 and SrTiO3. In this endeavor, Dutch groups have played an important role, facilitated 
for an important part through the FOM 'InterPhase' programme (2009-2013). Building on the 
knowledge and expertise obtained, this research field is now facing new scientific challenges, both 
of a fundamental as well as technological nature. 
 
The prime goal of the programme is to address the most essential challenges, relating in particular 
to novel quantum transport features and to the tailoring of complex oxide 2-DEGs for potential 
applications. In this, it will have a focus on advanced nano-device structures, involving also novel 
materials combinations.  
 
The research in this programme is of great relevance for the emerging field of oxide electronics, in 
which the outstanding, multifunctional properties of complex oxides are employed for future 
electronics as well as sensing applications. Particularly attractive prospects of oxide electronics are 
the potential to realize controllable device-structures well below the 10nm scale, in a regime where 
standard semiconductors can no longer be regarded as being electronically homogeneous, and the 
realization of low-power switching devices and novel basic electronic elements such as memristors 
for neuromorphic circuitry. 
 
The research will be implemented in a close collaboration between research groups at five Dutch 
universities and with an additional close link to the LCLS-facilities at Stanford University. To reach 
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the main goals of the programme, 43 project milestones have been defined, of which most will be 
pursued in collaborative effort of researchers from different universities involved in the 
programme.  
 
 
Funding 
salarispeil cao tot 01-07-2012 
bedragen in k€ ≤ 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 137 412 549 549 549 551 - 2.747 

FOM-basisinvesteringen 7 22 29 29 29 31 - 147 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 144 434 578 578 578 582 - 2.894 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-13.1457 
b) Ex ante evaluation: FOM-13.1666 
c) Decision Executive Board: FOM-13.2050 
 
 
Remarks 
The final evaluation will be based on the self-evaluation report initiated by the programme leader 
and is foreseen for 2019. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DK par. HOZB 
 
 
Subgebieden: 50% NANO, 50% COMOP 
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Historical overview of input en output 

 

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

2014 - - 1.1 - 41 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2014 - 15 34 - 

* After closing the financial year. 
 
 
PhD defences 
2014 
None. 

 

 
 
Patents (new/changes) 
2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-L-16 

Leader Prof.dr. J. Aarts 
Organisation Leiden University 
Programme 2-dimensional electron systems in complex oxides 

Project (title + number) Realization and characterization of magnetic oxide 2DEG structures 
(13DESCO04)  

 
FOM employees on this project 
Name  Position Start date End date 
N. Lebedev PhD 14 November 2014 13 November 2018 
 
 
Workgroup FOM-N-27 

Leader Prof.dr.ir. J.C. Maan 
Organisation Radboud University, Nijmegen 

Project leaders Dr. U. Zeitler 
Dr. A. McCollam 

Programme 2-dimensional electron systems in complex oxides 

Project (title + number) Experimental studies on oxide 2DEG structures in high magnetic 
fields (13DESCO03) 

 
FOM employees on this project 
Name  Position Start date End date 
I. Leermakers PhD 1 May 2014 30 April 2018 
L.M.K. Tang PhD 1 September 2014 31 August 2018 
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