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Figure 4 Enhanced light-trapping by a modulated surface texture (MST) front electrode. 

(Left) Low infrared absorption of i-Z1 and IOH which were used in the MST front electrode, compared to 
other conventional TCO layers like Z2.3 and AZO. From Ref. 22. 

(Right) SEM image of the cross section of the quadruple-junction thin-film silicon-based solar cell with a 
modulated surface texture, seen at the top. 
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1. Scientific results 2015 
The FOM programme 'Stirring of light!' is on track. This is reflected by the gratifying fact that many 
new results have appeared on wavefront shaping, optics, nanomaterials, and theory. One of the 
central goals of FOM 'Stirring of light!' project is to use the powerful technique of wavefront sha-
ping - invented in the Netherlands - to control light propagation and absorption in scattering 
media. Wavefront shaping involves controlling the phase of a coherent light incident on a multiple 
scattering medium for the purpose of focusing the beam behind the sample. A second main aspect 
of the 'Stirring of Light!' programme is the development of advanced nanostructures and 
metamaterials wherein light is strongly confined.  
 

 
 

Figure. 1 (Twente) Ensemble averaged energy density in a scattering medium versus normalized 
depth z/l - with l the transport mean free path - for a range of channel transmission values τ. In all 

panels, the blue circles are results from our new simulations, see Ref. [01]. (a) Energy density for an 
open channel with elevated transmission in the range 0.99 < τ < 1. The red line is the fundamental 
diffusion eigenfunction m = 1 that matches very well. The black dashed-dotted curve is a parabolic 
model, as proposed by the CUNY group. (b) Energy density for 'semi-open channels' with a trans-

mission in the range 0.49 < τ < 0.51. The green line is the m = 1 diffusion eigenfunction that matches 
reasonably, while the red line is a summation of only 7 diffusion eigenfunctions that matches very 

well. (c) Energy density for low-transmission channels with transmission in the range of 0.09 < τ < 
0.11. The green and the red lines are summations over only M = 8 and M = 16 diffusion eigenfunc-
tions respectively, that match well very well. (d) Energy density for closed channels with transmis-
sion in the range: 0 < τ < 0.02. The green and the red lines are summations over M = 8 and M = 33 

diffusion eigenfunctions, respectively. 
 
In case of wavefront shaped incident light, it was until recently unknown how light diffuses inside 
the scattering medium. By combining simulations and new theoretical insights, the UT team has 
succeeded in mapping the energy density of wavefront-shaped light on a limited set of diffusion 
eigenmodes, see Figure 1.  
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Figure. 2  
Photograph of a sample contain-
ing many thin-film Si solar cells, 
made by the TUD team. The sam-
ple is mounted and ready for 
study in the UL wavefront sha-
ping setups, and results are 
intensively being discussed with 
also the UT team.  

 
Progress towards the use of 'stirred light' has been made by our consortium in the study of wave-
shaping of light incident on a photovoltaic cell. To this end, the TUD team has prepared tailor-
made samples of rough, thin-film Si solar cells. These samples are being studied with the UL 
group's optical instruments, in collaboration with the UT team. Figure 2 shows a photo of how the 
sample is mounted in the setup. The initial results are very encouraging; given the complexity of 
the broadband interference effects, extensive tests are performed to ensure that real physical effects 
are being observed.  
 

 
Figure. 3 Numerical study of the scattering of a guided mode from a single subwavelength hole in a 

dielectric slab. (Left) Calculated scattering efficiencies Q2D as function of the diameter of the hole, for 
a slab refractive index of n2 = 1.5. Data for TM0 (in black) are plotted for three different thicknesses h 
in the single-mode regime. The TE0 case (in red) is plotted only for the largest thickness. Polynomial 
fits Q2D = Arp were performed on data for d ≤ 0.2λ (encircled in the plot) and plotted as dotted lines. 
The scattering efficiencies of a Mie cylinder for TM and TE polarization, respectively shown in black 

and red dashed curves, have almost the same values in the examined diameters range. (Right) The 
ratio of Q2D and the scattering efficiency of Mie cylinder Qsca for different confinement factors. The 

dashed line proportional to Γ4.5 is an empirical guide the eye. From Ref. 41. 
 
The UL team has investigated the scattering of guided light in dielectric waveguides from sub-
wavelength holes (see Figure 3) by finite-difference time domain (FDTD) analysis. This analysis 
shows that the scattering process is dominantly 2-dimensional, with out-of-plane loss that decrease 
drastically for increased refractive index, and more directional than one would expect in the 
Rayleigh limit of objects much smaller than the optical wavelength (see Figure 2). This intriguing 
result has profound consequences for the description of 2-dimensional scattering in random 
arrangements of holes in a dielectric slab [41].  
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Figure 4 Enhanced light-trapping by a modulated surface texture (MST) front electrode.  
(Left) Low infrared absorption of i-Z1 and IOH which were used in the MST front electrode, com-
pared to other conventional TCO layers like Z2.3 and AZO. From Ref. 22.  
(Right) SEM image of the cross section of the quadruple-junction thin-film silicon-based solar cell 
with a modulated surface texture, seen at the top.  
 
The TUD team has in the last year presented a success with new quadruple-junction thin-film sili-
con-based solar cells to obtain high spectral utilization and high voltages (Si et al, APL 2014). 
Recently, they studied how to improve the efficiency of these cells by modulating the surface, so as 
to realize in effect a structurally built-in wavefront shaping, see Figure 4. Understanding the effect 
of different textured interfaces on the absorption enhancement in solar cells is a long-lasting pur-
suit. Experimentally it requires the realization of various interface and device structures. Recently 
we have been developing new scattering textures made by thermal annealing of thin Ag film. 
Various feature sizes (sub-100 nm to µm) are achieved by tuning the processing conditions, so it 
enables the design of different light-trapping schemes for different device configurations. Combin-
ing it with our high- fidelity in-house nano-imprinting processes, a broad collection of textured 
morphologies became available to be implemented into solar cells in versatile configurations. 
Based on these techniques, extensive studies on the corresponding optical performance of textures 
and devices will soon be triggered.  
Dealing with devices as complex as quadruple-junction solar cells, the characterization becomes 
extremely challenging. The TUD team extensively investigated the origin of various artifacts 
occurring in the spectral response measurement of monolithic multi-junction solar cells. The result 
of such in-depth discussion can hopefully serve as practical guidelines for the community of pho-
tovoltaic research towards more reliable measurements thus more trustworthy reports of solar cell 
performance. 

 
 

Figure. 3 
SEM image of a mask for an array of 2 × 
2 × 5 = 20 cavities in a 3D photonic 
band gap crystal. Smaller pores that 
form cavities inside the structure are 
marked with red circles.  
The horizontal line represents the 90 de-
gree edge of the Si wafer.  
From Reference 02.  
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A second main aspect of the 'Stirring of Light!' programme is the development of advanced 
nanostructures and metamaterials wherein light is strongly confined. Of particular interest are 3D 
photonic band gap crystals in which light is forbidden to propagate in all directions and for all 
polarizations. Interestingly, it remains a challenge to fabricate such 3D nanophotonic materials. 
The widely employed fabrication of 3D photonic crystals with deposition techniques suffers from 
nanocrystallinity or even amorphous backbones with concomitant impurities, which causes unde-
sired scattering and absorption. A powerful fabrication method is the use a high purity single 
crystalline silicon for the fabrication of nanophotonic materials (Figure 4). The previous procedure 
required an involved alignment step. To make fabrication much easier, we collaborate with experts 
from TUE, ASML, and TNO.  
In our 'Stirring of Light!' programme, we also pursue self-assembled colloidal nanostructures to 
realize nanostructures complementary to bottom-up methods. In the past year, the UU team has 
successfully determined a completely new kind of nanophotonically functional nanoparticle, so-
called quantum dot supraballs that reveal intricate whispering gallery resonances, see Figure 5.  
 
 

  
Figure. 5 Mie whispering gallery modes in quantum-dot supraballs. (a) SEM image of a 
supraball lying on a field of ZnO nanowires. (b) Microscope image of a supraball on ZnO 
nanowires under quasi-continuous excitation (5 ns pulses) in the UV at 349 nm, showing 
more intense emission at the circumference owing to whispering gallery modes. (c) PL emis-
sion spectra of four supraballs of different radius, showing spectral features related to the 
whispering gallery mode structure. (d) Free spectral range Δλ of the modes versus the 
supraball radius r. The red line is a fit toΔλ = λ2/2πrng with a group refractive index ng = 
1.89. The asterisks in c indicate modes belonging to mode families with incremental quantum 
number. (e) Two emission spectra of an individual supraparticle, one at low excitation flu-
ence (1.06 109 J/cm2, blue), and one at orders of magnitude higher excitation intensity (9.7 
104 J/cm2, red). (f) Integrated PL emission intensity as a function of the pump fluence. There 
is a linear dependence over 6 orders of magnitude in fluence. From Ref. 51. 
 
The non-spherical supraparticles show stable and bright broadband emission from exciton and 
multi-exciton states with a similar quantum yield as individual QDs in dispersion. The PL effi-
ciency of these scalable solid-state systems of about 55% surpasses that of the purest single crysta-
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lline bulk semiconductors. Spherical supraparticles emit from whispering gallery modes fed by the 
lowest exciton states. We have thus developed a class of bright quantum-dot supraparticles with a 
scalable size, the optical properties of which can be tuned by their shape. Individual supraparti-
cles, which can be made with diameters from 100 nm to micrometers, can have high potential in 
applications varying from bio-labeling to integration with waveguides in silicon nitride optoelec-
tronics. Moreover, we believe that finding the conditions such that the Mie modes that we found 
also show gain and finally lead to supraparticle lasing is a question of time. Finally, we remark 
that spherical supraparticles are colloids, for which microfluidic methods are available to reduce 
the size dispersion. This means that it should be possible to further assemble the supraparticles in 
a third step in hierarchy to form photonic crystals for optical wavelengths. Hence, our results also 
open new versatile three-step routes for scalable fabrication of nanophotonic structures.  
The TUE team has successfully developed a method to monitor the particle properties and the 
plasma - particle interaction of one single particle, confined in a plasma. A spherical particle, with 
a diameter of a few microns, is levitated by the electric fields in the plasma sheath. The particle is 
slowly etched by residual oxygen in the vacuum vessel. By measuring the angular intensity of light 
scattered from the confined particle, the size and refractive index are accurately determined. This 
is done in situ and time resolved while particle properties were changing.  
 
a  b 

  
Figure. 7 The measured intensity of the scattered light as function of the scatter angle. The fit is 

found for linearly decreasing particle sizes. Subsequent measurements of the scatter profile show, by 
independent fits, the particle size is monitored over a long period of time. 

 
Theoretical interpretation of experimental observations on control of light propagation and emis-
sion is also an integral part of our 'Stirring of Light!' programme. Here, the AMOLF-Twente team 
has proposed a new, original method to understand the influence of vacuum-crystal interface on 
the local density of states (LDOS) inside a finite-support 3D photonic bandgap crystals. As the 
electromagnetic response of such systems is not amenable to analytical considerations and com-
putationally expensive for numerical methods, they exploit the analytically understood spherical 
particle in vacuum as an analogue of finite-support photonic bandgap crystal. Inside the bandgap 
the infinite crystal has no electromagnetic mode. Likewise, a homogeneous bulk made up of a 
medium with negative real permittivity does not have any electromagnetic state either. Therefore, 
a spherical particle made up of such a medium mimics a finite-support photonic bandgap crystal. 
Figure 8 shows the calculated emission rate γS normalized to that in vacuum γ0 as a function of the 
distance from center of sphere for dipole orientations parallel (solid blue curve) and perpendicular 
(dashed red) to the radial axis. In the left figure, the particle's radius is R= λ/4 while on the right it 
is R= λ. As LDOS normalized to the same in vacuum is equal to the emission rates shown in Fig. 8, 
this gives a direct insight as to the effect of vacuum-crystal interface on the suppression of LDOS 
(hence spontaneous emission) inside a finite-support photonic bandgap crystal. 
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Figure 8 Emission rate of emitter γS with respect to that in vacuum γ0 as a function of distance r 

from the center of sphere whose radius is R and permittivity ε = -0.5.  The left figure plots the relative 
emission rate when R=λ/4 while the one at right plots the same for R=λ. The solid blue curve corre-
sponds to the dipole polarization parallel to radial axis whereas the dashed red curve represents the 

polarization perpendicular to radial direction. 
 
2. Added value of the programme 
Cohesion within this FOM programme was from the start ensured by mutual visits of all early-
career scientists (PD, oio) to each partner group for a whole day to get an overview of the expertise 
and infrastructure of all partners. This programme item has been completed. In October 2015, the 
project partners have held a programme meeting, to update on progress, share know-how, sam-
ples, and equipment, and to plan joint experiments and projects.  
 

 

The 'Stirring' 
participants on 
the October 2015 
network meeting 
at the UT.  

 
The teams have developed various infrastructure and know-how that is of special usage to the 
partner teams in this FOM programme, partly following original planning, and partly as new 
developments:  
a) The TUD team has developed solar cell structures, both amorphous and nanocrystalline, for the 

other teams in this programme. The UL team studies these structured silicon samples for 
enhanced absorption under illumination with spatially structured light, in collaboration with 
the UT.  

b) The UL team built a SLM-based confocal microscope setup for position-resolved lifetime mea-
surements. This setup is available for study of the LDOS by the other teams.  
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c) The UT team has successfully developed with TUE (and ASML) novel nanofabrication tech-
niques for Si nano-photonics.  

d) The mobile wavefront shaping setup built at the UT is at full disposition to all programme part-
ners, especially those without major optics infrastructure (TUE and UU) to obtain know-how on 
wavefront shaping.  

e) Insights on the spatial correlations obtained at the UT are helpful for programme-partners in 
Leiden that aim to perform high-quality wavefront shaping.  

f) Nanostructures made in Utrecht are suitable for light scattering studies with controlled optical 
inhomogeneity – so-called 'photonic cappuccino' – that is studied with the UT.  

g) Theoretical modeling of light scattering from ab-initio by the Twente-AMOLF team is under-
way to shed light on spatial correlations of the LDOS, for experiments at UL.  

h) The programme benefits from TUE research as they explore in a fundamental way light scatter-
ing by both single particles and by complex structures of multiple scatterers.  

i) Organize a joint workshop on 'Plasmonics, and light scattering (PALS)' in June 2016 in Exeter.  
 
3. Personnel 
Appointed personnel: All positions have been filled.  
Distinguished guest scientists: Conforming to our programme-planning, we have been fortunate to 
attract world-leading scientist prof. Hui Cao (Yale University) for multiple visits to the Neth-
erlands. Following her visit in 2013, she visited in the spring of 2015, as invited speaker at a 
Lorentz Center Workshop 'Transformations in Optics'. In collaboration with the group of prof. Cao, 
the UT team has published a Phys. Rev. B of absorption of light in a disorderded waveguide, 
where light transport is seen to behave quasi-ballistically in presence of a strong absorption [Phys. 
Rev. B in 2014]. And recently, a UT PhD has joined Cao's group as a postdoc.  
 
With well-known theorist dr. Martijn Wubs (DTU Denmark), we have derived theory to elucidate 
the role of the local density of states on Förster resonant energy transfer, a prime interaction 
between different light emitters in nanometer vicinity. A paper has been submitted (see: 
arXiv.org/abs/1507.06212).  
 
With the leading team of prof. Bill Barnes (University of Exeter), Jacopo Bertolotti, 
Riccardo Sapienza, and Remi Carminati, we are organizing a joint workshop on 'Plasmonics, and 
light scattering (PALS)' in June 2016 in Exeter.  
 
4. Publications 
11SOL01 (Twente) 
-  [02] D.A. Grishina, C.A.M. Hartveld, L.A. Woldering, and W.L. Vos, Method to make a single-step 

etch mask for 3D monolithic nanostructures Nanotechnology 26, 505302: 1-10 (2015). 
 
11SOL02 (Twente-AMOLF) 
-  [12] S.B. Hasan, W.L. Vos, and A. Lagendijk, Finite size effects on the local density of states (LDOS) 

in photonic crystals Physics@FOM conference, Veldhoven January 19-20, 2015 (poster). 
 
11SOL03 (Delft)  
-  [22] H. Tan, E Moulin, F.T. Si, J.W. Schüttauf, M. Stuckelberger, O. Isabella, F.J. Haug, C. Ballif, 

M. Zeman, and A.H.M. Smets, Highly transparent modulated surface textured front electrodes for 
high‐efficiency multi-junction thin‐film silicon solar cells Progress in Photovoltaics: Research and 
Applications 23, 949-963 (2015).  
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11SOL04 (Eindhoven)  
- [31] L.P.T. Schepers, J. Beckers, T.W. Tukker, W.L. IJzerman, Light scattering on dusty plasmas: 

how to improve the quality of white LEDs, IEEE International Conference on Plasma Sciences, 
Antalya, May 24-28, 2015.  

- [32] L.P.T. Schepers, J. Beckers, W.L. IJzerman, Light scattering on a dusty plasma: in-situ monitor-
ing of a single particle, 18th Euregional Workshop on the Exploration of Low Temperature 
Plasma Physics, Kerkrade, December 3-4, 2015 (poster).  

 
11SOL05 (Leiden)  
- [41] F. Mariani and M.P. van Exter, Scattering of guided light by a single hole in a dielectric slab, 

Optics Express 23, 17539-17548 (2015).  
- [42] F. Mariani and M.P. van Exter, Physics@FOM conference, Veldhoven, January 19-20, 2015 

(poster).  
 
11SOL06 (Utrecht)  
- [51] D. Vanmaekelbergh, L.K. Van Vugt, H.E. Bakker, F.T. Rabouw, B. Nijs, R.J.A. van Dijk-

Moes, M.A. van Huis, P.J. Baesjou, and A. van Blaaderen, Shape-dependent multiexciton emission 
and whispering gallery modes in supraparticles of CdSe/Multishell quantum dots ACS Nano 9, 3942-
3950 (2015).  

- [52] Y. Qiu, P. Hinkle, C. Yang, H.E. Bakker, M. Schiel, H. Wang, D. Melnikov, M. Gracheva, 
M.E. Toimil-Molares, A. Imhof, Z.S. Siwy, Pores with Longitudinal Irregularities Distinguish 
Objects by Shape ACS Nano 9, 4390-4397 (2015).  

 
5. Valorisation and outreach 
Twente (11SOL01)  
The UT team maintains active collaborations with ASML, TUE, and TNO on Si 3D nanofabrication. 
The team collaborates with Philips Lighting on light scattering, absorption, and re-emission in 
random structures typical of white LEDs.  
 
Organized Meetings:  
A.P. Mosk, C. Beenakker, and J.B. Pendry (Organizers), 'Transformations in Optics', Lorentz Center 
Workshop, University of Leiden, 18 May 2015 through 22 May 2015. 
 
Twente-AMOLF (11SOL02)  
Talks for broad audience:  
A. Lagendijk, Het onzichtbare zichtbaar en omgekeerd, Twente Science Night: Celebrate the Light, 
Enschede, 4 October 2015. 
 
News item about published work:  
Jochem Vreeman, Important step in understanding of light scattering, http://phys.org/news/2016-02-
important.html (26 February 2016). 
 
Eindhoven (11SOL04)  
Outreach to broad audience:  
L.P.T. Schepers, J. Beckers, W.L. IJzerman, Light scattering on a dusty plasma, ILIAD-15 (Intelligent 
Lighting Institute Outreach Event), Eindhoven, 8 December 2015. 
 
Leiden (11SOL05)  
Dr. Martin van Exter is chairperson of the scientific advisory committee of the FOM-Philips IPP 
'Nanophotonics for solid-state lighting', headed by prof.dr. J. Gomez Rivas. The optimum use of scat-

http://phys.org/news/2016-02-important.html
http://phys.org/news/2016-02-important.html
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tering and nano-scale structuring for solid-state lighting is the central theme in this IPP, as it is in 
our FOM programme.  
 
Utrecht (11SOL06)  
Colloidal nanostructured samples were shown to the general public as part of the 'Open Day' of 
the Physics Department at Utrecht University in 2015.  
 
6. Vacancies 
None. 
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Fact sheet as of 1 January 2016 

 FOM - 12.0171/4 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME  
 
 
Number 138. 
  
Title (code) Stirring of light! (SOL) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. W.L. Vos 
  
Duration 2012-2017  
  
Cost estimate M€ 2.1 
  
Concise programme description 
a. Objectives 
We aim to literally 'stir' light inside nanophotonic media. As a result, we can address the challenge: 
How can input light be absorbed as efficiently as possible in order to be converted to targeted 
forms of energy? These forms include electric power from a solar cell, or many colors in white-
light illumination.  
 
b. Background, relevance and implementation 
In this FOM programme, we propose a radical departure from two traditional viewpoints in 
optics. First, scattering of light is traditionally considered to be a nuisance since it prevents us from 
looking straight through a window covered with dust. Recently, however, it has been realized that 
scattering of light is rather a great advantage. For example, our team has demonstrated that light 
can be focused much tighter with an intricate lens made of scattering material than with a usual 
transparent lens. Secondly, optical absorption is traditionally considered such a nuisance that any 
scientist in the field tries to avoid it. This aversion of absorption is understandable since 
nanophotonic media are designed to have photons scatter many times – as if they were pinballs - 
and thus absorption amounts to destroying of photons: 'game over!' Recently, however, it has been 
realized that optical absorption can be strongly manipulated – either enhanced or reduced – by 
controlling the incident light fields.  
In order to radically depart from these two limiting traditions, we aim to literally 'stir' light inside 
nanophotonic media. As a result, we can address the challenge: How can input light be absorbed 
as efficiently as possible in order to be converted to targeted forms of energy? These forms include 
electric power from a solar cell, or many colors in white-light illumination.  
We propose to fundamentally study and manipulate the optical phase space density for light – as it 
were 'stirring of light' through phase space – by combining in-sights gained from optical wavefront 
shaping with advanced structures made by colloidal self-assembly. As a result, we will be able to 
convert photons as efficiently as possible to other targeted forms of energy such as electric power, 
or transfer the energy of light to a different color. We wish to apply these concepts to realize a 
technology push for real devices such as solar cells, LEDs and broadband sources. Therefore we 
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have assembled a team of fundamental and applied researchers from AMOLF, Delft, Eindhoven, 
Twente, Utrecht, including experimentalists and theorists, as well as researchers with a part-time 
industry affiliation.  
 
Funding  
salarispeil cao per 01-01-2016 
 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 1.672 385 72 - - - - 2.129 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.672 385 72 - - - - 2.129 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-11.1202 
b) Ex ante evaluation: FOM-11.1401 
c) Decision Executive Board: FOM-12.0170 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 JM par. HOZB 
 
 
Subgebied: 100% NANO  
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Historical overview of input and output 

 

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

2012 - - 1.7 - 69 

2013 - - 5.0 - 227 

2014 - - 6.0 - 379 

2015 - 0.4 6.0 - 483 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2012 - - 1 - 

2013 - 1 29 - 

2014 - 2 26 1 

2015 - 5 34 - 

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

2013 
None. 

2014 
None. 

2015 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-58 

Leader Prof.dr. M. Zeman 
Organisation Delft University of Technology 
Project leader Dr. O. Isabella 
Project (title + number) Stirring of light in photovoltaic systems 11SOL03 
 
FOM employees on this project 
Name  Position Start date End date 
F.T. Si PhD 5 December 2012 4 December 2016 
 
 
Workgroup FOM-E-22 

Leader Prof.dr.ir. G.M.W. Kroesen 
Organisation Eindhoven University of Technology 
Project leader Prof.dr.ir. W.L. IJzerman 
Project (title + number) Stirring of light in broadband light sources (11SOL04) 
 
FOM employees on this project 
Name  Position Start date End date 
L.P.T. Schepers PhD 1 December 2013 30 November 2017 
 
 
Workgroup FOM-L-31 

Leader Dr. M.P. van Exter 
Organisation Leiden University 
Project (title + number) Stirring of the local density of states of light 11SOL05 
 
FOM employees on this project 
Name  Position Start date End date 
F. Mariani PhD 1 June 2012 31 May 2016 
 
 
Workgroup FOM-T-24 

Leader Prof.dr. W.L. Vos 
Organisation Twente University 
Project leader Prof.dr. A.P.Mosk 
Project (title + number) Stirring of the energy density of light 11SOL01 
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FOM employees on this project 
Name  Position Start date End date 
D. Grishina PhD 1 February 2013 31 January 2017 
O.S. Ojambati PhD 1 October 2012 30 September 2016 
 
Leader Prof.dr. W.L. Vos 
Organisation Twente University 
Project (title + number) Theory of stirring of light (11SOL02-1) 
 
FOM employees on this project 
Name  Position Start date End date 
S.B. Hasan WP/T 1 August 2015 31 July 2017 
 
 
Workgroup FOM-U-09 

Leader Prof.dr. A. van Blaaderen 
Organisation Utrecht University 
Project leader Dr. A. Imhof 
Project (title + number) Stirring of light in colloidal systems 11SOL06 
 
FOM employees on this project 
Name  Position Start date End date 
H.E. Bakker PhD 1 April 2012 31 March 2016 
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