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1. Scientific results 2013 
The FOM-M2i programme 'Size-dependent material properties' is approaching its final stage. This 
is the last annual progress report; the final report will be made at the end of 2014. 
Good results have been achieved in all projects, each with its individual focus. 
Key results for 2013 from the SDMP projects are: 
- A new method has been developed, based on isothermal heating using laser illumination in 

combination with a high-speed optical camera, to measure the crystal growth rates, in a direct 
manner over six orders of magnitude, in phase-change thin films composed of several GeSb 
alloys (project SDMP03). 

- The remarkable mechanical properties, ability to recover large strains (6-8 percent) and stresses 
(600 MPa), of NiTi film Shape memory alloy (SMA) have been unravelled. In order to deposit 
crystalline NiTi thin films one has to supply enough power to the growing film to allow atoms 
to find their position on the crystal lattice. This is a challenge, since low temperatures are 
needed to retain the integrity of the flexible substrate. A parameter set was found (temperature 
+ ion bombardment) leading to (partially) crystallized films on flexible substrates (project 
SDMP08). 

- Predictive insights have been gained on the volumetric size effect of metallic glasses at 
nanoscale and can be explained by the competition between the nucleation and propagation of 
shear transformation zones at different stress fields and volumes. The study shows that the 
asymmetry in compression-tensile experiments is due to the residual stress state caused by the 
focused ion beam pre-treatment (project SDMP13). 

- Microstructural and mechanical characterization (bending and microtensile testing) of Al-Cu 
thin films was performed to investigate the influences of grain boundaries and alloy micro-
structure. Microstructural characterization revealed the variations of precipitate type and dis-
tribution in the Al-Cu alloy (project SDMP12). 

- The fabrication of free-standing piezoelectric Micro Electromechanical System cantilevers on 
silicon substrates has been achieved through a novel simplified fabrication method without 
using costly silicon on insulator substrates and tedious back-side etching. Integration of piezo 
and ferroelectric materials with silicon matrix is of extreme importance from industrial applica-
tive perspectives (project SDMP21). 

- Lateral size effects in PbTiO3 films were investigated by growing on Ca2Nb3O10 nano-sheets. 
The nano-sheets were deposited on a silicon substrate. The enhancement of the piezo-response 
in literature for nano-scale ferroelectrics is not the result of intrinsic size effects but of the relax-
ation of the ferroelectric from a clamped film to a nano-scale object. If a ferroelectric is grown 
unclamped on the nano-scale no enhancement of the piezo-response is observed (project 
SDMP24). 

- Methods have been developed to enable quantitative, time and position resolved 3D real-space 
analysis of colloidal suspensions using confocal microscopy. (e.g. a novel method to quantify 
rod-like particles in concentrated suspensions) The self-assembly of particle suspensions has 
been investigated and manipulated. The assemblies have been made permanent and crack for-
mation has been avoided by polymerization of the suspensions (project SDMP25). 

Each of the projects has given focus on a particular role of size dependence in materials. As the 
programme is now near the end, attention is focused on consolidating the scientific output. The 
projects that have not yet terminated their contracts are now wrapping up the last chapters of the 
PhD thesis. Several projects still have several publications in the pipeline, which are to be 
published in 2014-2015. 
 
2. Added value of the programme 
The central theme of the programme was the size dependent properties that occur upon 
downscaling in 1D (dots), 2D (lines), 3D (films). The programme aimed to establish coherence 
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between projects that have been granted through an open call. The individual projects have been 
linked to the industrial partners of M2i. This IPP-programme is a co-operation with the Materials 
Innovation Institute (M2i). The industrial partners that collaborated in this programme are: 
Philips, EPCOS, Tata Steel, NXP, Océ, SolMates, DSM, RSP Technology, each with an individ-
ual interest in one of the projects 
 
Like in previous years, a SDMP programme day has been organized in 2013. This day took place at 
FOM on 31 October 2013. Progress presentations on all projects took place in the presence of the 
industrial partners. All individual projects have a prime industrial partner, who is directly linked 
to the project. The researchers report to their partners and collaborate in view of knowledge trans-
fer where possible. 
 
The programme has been quite successful in triggering direct added value emerging from the 
project levels as well. Among these, a few are highlighted: 
- It was shown for the first time directly that the crystal growth rate in thin films of the phase-

change materials can be accelerated about two orders of magnitude by applying modest in-
plane compressive stresses of about 100 MPa. Similarly, the stability of the amorphous phase 
could be enhanced (and thus data retention improved) by applying a tensile stress to the phase-
change cell. 

- A unique micromechanical experimental tester, the nano-tensile stage, was developed suitable 
for in-situ micro-scale observations during mechanical characterization at the nano scale. This 
instrument opens the door to studying, other micromechanical structures and addressing fun-
damental questions of the role of microstructure and micromechanics. 

- In the piezo-NEMS project, a novel strategy has been developed for the single step structuring 
of high temperature grown epitaxial multilayer materials and their super-lattices (mostly oxide 
perovskites) via a lift-off technique. The strategy does not require any dry ion etching and hence 
enables the fabrication of devices incorporating atomically sharp, functional oxide interfaces 
without a damaging substrate matrix. This is crucial to integrate multifunctional interfacial 
properties with other pre-existing device components. 

- Ferroelectric size effects have been studied using new bottom up self-assembly techniques 
which do not require any post processing to prevent damage and contamination to the ferroe-
lectric objects. Characterization of the samples can be done in situ and by adapting a UHV 
AFM/STM to perform piezo-response force microscopy measurements to investigate the 
nanoscale properties of the ferroelectric objects. The absence of post processing combined with 
the in situ UHV characterization eliminated any extrinsic effects from interfering with the 
investigation of ferroelectric size effects and as a result new domain structures and piezo-
response behaviour was observed. 

 
3. Personnel 
The programme consists of seven projects. From the seven PhD students, four started in 2009 and 
three started in 2010. At present, the four PhD students who started in 2009 have all completed 
their projects. Lambert Bergers and Gert Eising have defended their PhD in 2013. Alexey Kuzmin 
will defend his thesis on 21 March and Brian Smith's PhD defence is scheduled for September this 
year. The three who started in 2010 (Nirupam Banerjee, Girish Venkata Kotnur and 
Thijs Besseling) are all expected to defend their theses later this year. Hence, all projects are on 
schedule and the programme will be completely finished by the end of 2014. 
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4. Publications 
The output of the programme is very good. In 2013, eight journal papers have been published and 
two PhD theses have been completed. The total number of journal publications now amounts to 
39. 
 
08SDMP03-1 
- G. Eising, A. Pauza and B.J. Kooi, Stress-Induced Crystallization of Ge-Doped Sb Phase-Change 

Thin Films, Crystal Growth & Design 13, 220 (2013). 
- G. Eising, B. Niebuur, A. Pauza and B.J. Kooi, Competing Crystal Growth in Ge-Sb Phase-

Change Films, Advanced Functional Materials 2013, published online: 18 November 2013 (DOI: 
10.1002/ adfm.201301242). 

- 1 paper submitted. 
 
08SDMP08 
- V.G. Kotnur, F.D. Tichelaar, G.C.A.M. Janssen, Sputter deposited NiTi thin films on polyimide 

substrate, Surface and Coatings Technology, 222, pages 44-47, 2013. 
- 1 paper submitted + 1 paper in preparation. 
 
08SDMP12 
- L.I.J.C. Bergers, J. Neggers, J., M.G.D. Geers, J.P.M. Hoefnagels, Enhanced global digital image 

correlation for accurate measurement of microbeam bending, In . H. Altenbach and S. Kruch 
(eds.), Advanced Materials Modeling for Structures (pp. 43-51), Berlin Germany, Springer-Verlag. 
(2013). 

- L.I.J.C. Bergers, Anelasticity in Al-alloy thin films: an experimental analysis, PhD Thesis 
Eindhoven University of Technology, 2013. 

- 3 papers submitted (under review). 
 
08SDMP13 
- O.V. Kuzmin (2014). Intrinsic and extrinsic size effects in metallic glasses (Doctoral disserta-

tion). University of Groningen, Groningen, NL, ISBN 9789036768580. 
- 1 paper accepted + 3 papers submitted. 
 
08SDMP21 
- N. Banerjee, G. Koster and G. Rijnders, Submicron Patterning of Epitaxial PbZr0.52Ti0.48O3 

Heterostructures, Applied Physics Letters; 102, 142909 (2013). 
- 3 papers in preparation. 
 
08SDMP24 
- Egoavil, R., Tan, H., J. Verbeeck, Bals, S., Smith, B., Kuiper,B., Rijnders, G., Koster, G., & 

Van Tendeloo, G. (2013). Atomic scale investigation of a PbTiO3/SrRuO3/DyScO3 hetero-
structure, Appl. Phys. Lett, 102, 223106. 

- Several papers in preparation. 
 
08SDMP25 
- B. Liu, T.H. Besseling, M. Hermes, A.F. Demirörs, A. Imhof, A van Blaaderen , Switching Plastic 

Crystals of Colloidal Rods with Electric Fields, Nature Communications 5 3092, 2014. 
- Kuijk, A. Imhof, M.H.W. Verkuijlen, T.H. Besseling, E.R.H. van Eck, A. van Blaaderen, Colloidal 

silica rods: material properties and fluorescent labeling, Particle & Particle Systems Characterization, 
DOI: 10.1002/ppsc.201300329, 2014. 

- 2 publications submitted + 6 more in preparation. 
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5. Valorisation and outreach 
The SDMP programme is a FOM-M2i IPP, in which several industrial partners have been linked to 
the individual projects. The results within the programme that address industrial needs are: 
- The results obtained from the experiments where the crystal growth rate was studied under 

compressive and tensile stresses have the highest application potential. One might think of a 
way to use the enhanced crystal growth rate under compressive stress to build a phase-change 
memory device that uses less energy to switch from amorphous to crystalline or is able to 
switch in a shorter time span (SDMP03). 

- The road block to grow NiTi thin films on polyimide substrates is solved by applying bias volt-
age to the substrate during growth. The feasibility of growing NiTi thin films on flexible sub-
strates at 350°C has been demonstrated. NiTi films on flexible substrates offer potential applica-
tions in electrically excitable soft bodied robots, in flexible deformable devices and for minia-
turized biomechanical active probes (SDMP08). 

- EPCOS has been aided by providing experimental techniques to characterize its materials from 
which the RF-MEMS variable capacitor for frequency tuning in mobile devices, is fabricated 
(SDMP12). 

- The researchers of project SDMP21 discussed possible applications of so-far achieved results 
with Océ and Solmates). Preliminary experiments with Solmates have been planned. 

- The drive to make electronic devices smaller and smaller with additional functionality necessi-
tates that the ferroelectric components in these devices also become smaller and smaller. As the 
dimension of the ferroelectric components approach the nano-scale the size effects studied here 
will become important. The lateral size effect study presents a new way of patterning nano-
scale ferroelectrics that do not need to be processed after growth of the ferroelectric, which 
could become an attractive alternative to current top down approaches. The growth of ferroe-
lectric on nano-wires and nano-islands showed that it is possible to create novel domain struc-
tures in a ferroelectric film by using a patterned bottom layer which could in turn allow the 
macroscopic properties of the ferroelectric to be tuned in a much more systematic way com-
pared to the traditional strain engineering techniques used today (SDMP24). 

- Increased control over the self-assembly of colloidal systems will also improve current commer-
cially available products such as the electronic ink in e-readers and nano-particle based anti-
reflection coatings (SDMP25). 

 
In terms of outreach, it is worth mentioning that an article with images project SDMP03 has been 
published in the weekly newspaper of the university of Groningen (December 2013). An image of 
the project is used by FOM to decorate a wall within the head office in Utrecht. 
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Fact sheet as of 1 January 2014 

 FOM - 07.1055/9 
 datum: 01-01-2013 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME 
 
 
Number i15. 
  
Title (code) Size dependent material properties (SDMP) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. M.G.D. Geers  
  
Duration 2008-2013 
  
Cost estimate M€ 2.0 
  
Partner(s) M2i, various industrial partners 
  
Concise programme description 
a. Objectives 
A systematic understanding of how physical, chemical and mechanical properties change and how 
materials behave when the system size is reduced is a prerequisite for making use of such size-
dependent properties. The objective of this open programme is to acquire fundamental insight in 
the complex scale-dependent relation between these properties and the processing of small scale 
components and thin films in defining the underlying details of their physical and chemical state 
(stresses, confinement, constraints, interfaces, external surface, …). The programme focuses on the 
size-dependence of materials resulting from miniaturizing the applications, with a direct relation 
to the processing conditions used. 
Focal points:  
- size dependent material properties 
- applied to or relevant for miniaturized devices or components 
- highlighting the influence of processing (resulting compositions, inhomogeneities, interfaces, 

stress states, …) 
- qualifying, quantifying and controlling the size dependency 
 
b. Background, relevance and implementation 
The ongoing miniaturization in micro-electronics, MEMS (micro-electro-mechanical systems) and a 
variety of thin film applications (displays, solar cells, …) naturally involves smaller components, 
substructures or films, for which there is clear evidence that the physical, chemical, electrical and 
mechanical properties are influenced by the size reduction. Many materials exhibit such 
unexpected and potentially useful properties different from their bulk behavior when confined to 
sub-micrometer dimensions. A systematic understanding of how properties change and how 
materials behave when the system size is reduced is a requirement to account for, or even exploit, 
such size-dependent properties during design. 
 



 
 
 

 
 
 - 8 - 
 

This programme is strongly related to the research efforts conducted in the clusters of the M2i, 
focusing on fundamental properties and processing of functional materials. The FOM-M2i 
programme particularly addressed scientific issues, which are too fundamental for direct support 
from industry, but the answers of which are of great technological interest. 
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Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2012 2013 2014 2015 2016 2017 > 2018 Totaal 

FOM-basisexploitatie*) 1.012 - - - - - - 1.012 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 
Doelsubsidies derden 
- M2i 

 
1.012 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
1.012 

Totaal 2.024 - - - - - - 2.024 
*) incl. k€ 425 uit afgesloten PPM programma 
 
Source documents and progress control 
a) Original programme proposal: FOM-07.0679 
b) Ex ante evaluation: FOM-07.0950, FOM-07.0962 
c) Decision Executive Board: FOM-07.1053/D, FOM-08.0473 
d) Contract: FOM-08.0423, FOM-08.1811 
 
The progress of research projects will be discussed at the quarterly cluster meetings organized by 
M2i, which involve both academic and industrial partners and provide an effective platform for 
knowledge transfer. On top of that, all researchers and the programme committee of the SDMP 
programme meet once a year in a special session at the M2i conference. The SDMP programme 
committee, the M2i management and cluster co-ordinators ensure that there are sufficient contacts 
between the researchers and the industrial partners so that an adequate transfer of newly-
developed knowledge and the implementation of potential results is facilitated during the project. 
In 2011 the projects were connected to one or two of the following companies: DSM, Epcos, NXP, 
Océ, Philips, RSP Technology, SolMates and Tata Steel. 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen in 2014. 
 
 
 
 
 
 
 
 
 
 
 VL par. HOZB 
 
 
Subgebieden: 50% FeF, 50% NANO 
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Historical overview of input en output 

 

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

2008 - - - - 34 

2009 - - 1.9 - 99 

2010 - - 5.9 - 363 

2011 - - 7.0 - 457 

2012 - - 7.0 - 465 

2013 - - 5.9 - 437 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2008 - - - - 

2009 - - - - 

2010 - 10 17 - 

2011 - 8 28 - 

2012 - 11 36 - 

2013 2 10 14 - 

* After closing the financial year. 
 
 
PhD defences 
2008 
None. 

2009 
None. 

2010 
None. 

2011 
None. 

2012 
None. 

2013 
L.I.J.C.Bergers, 12 December 2013, FOM-E-18. 
Gert Eising, 13 December 2013, FOM-G-25. 

 
 
Patents (new/changes) 
2013 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-20 

Leader Prof.dr. G.C.A.M. Janssen 
Organisation Delft University of Technology 
Programme Size dependent material properties 
Project (title + number) Deformation of NiTi thin films 08SDMP08 
 
FOM employees on this project 
Name  Position Start date End date 
V.G. Kotnur PhD 14 January 2010 13 January 2014 
 
 
Workgroup FOM-E-18 

Leader Prof.dr.ir. M.G.D. Geers 
Organisation Eindhoven University of Technology 
Project leader Dr.ir. J.P.M. Hoefnagels 
Programme Size dependent material properties 
Project (title + number) Size effects in creep and fatique in metalic MEMS 08SDMP12 
 
FOM employees on this project 
Name  Position Start date End date 
L.I.J.C. Bergers PhD 05 January 2009 30 April 2013 
 
 
Workgroup FOM-G-09 

Leader Prof.dr. J.T.M. de Hosson 
Organisation Groningen University 
Programme Size dependent material properties 

Project (title + number) In situ probing of size dependent properties of metallic glasses: 
smaller is tougher? 08SDMP13 

 
FOM employees on this project 
Name  Position Start date End date 
O. Kuzmin PhD 01 July 2009 31 December 2013 
 
 
Workgroup FOM-G-25 

Leader Prof.dr.ir. B.J. Kooi 
Organisation Groningen University 
Project leaders Dr. G. Palasantzas 
Programme Size dependent material properties 
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Project (title + number) Explosive crystallization in phase change thinfilms 08SDMP03-1 
 
FOM employees on this project 
Name  Position Start date End date 
G. Eising PhD 01 November 2012 30 September 2013 
 
 
Workgroup FOM-T-27 

Leader Prof.dr.ing. A.J.H.M. Rijnders 
Organisation Twente University 
Project leader Dr. G. Koster 
Programme Size dependent material properties 

Project (title + number) PiezoNEMS: Nano-electromechanical systems with piezoelectric 
actuation 08SDMP21 

 
FOM employees on this project 
Name  Position Start date End date 
N. Banerjee PhD 01 August 2010 31 July 2014 
 
 
Leader Prof.dr.ing. A.J.H.M. Rijnders 
Organisation Twente University 
Project leaders Prof.dr.ir. J.E. ten Elshof 

Dr. G. Koster 
Programme Size dependent material properties 

Project (title + number) Dimensional cross-over physics of nano-scale objects of 
ferroelectric oxides 08SDMP24 

 
FOM employees on this project 
Name  Position Start date End date 
B.F. Smith PhD 01 November 2009 31 October 2013 
 
 
Workgroup FOM-U-09 

Leader Prof.dr. A. van Blaaderen 
Organisation Utrecht University 
Programme Size dependent material properties 
Project (title + number) Control over crack formation in particle thin films 08SDMP25 
 
FOM employees on this project 
Name  Position Start date End date 
T.H. Besseling PhD 15 June 2010 14 June 2014 
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