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1. Introduction 
The FOM Focus group Light Management in New Photovoltaic Materials (LMPV) focuses on devel-
oping understanding of physical process that are key to the development of novel types of high-efficiency 
solar cells that can be made at low cost. The central theme in the LMPV programme is light manage-
ment: the control of the collection, guiding, concentration and conversion of light at the nanometer 
scale. By integrating specially designed nanostructures with semiconductor materials, the LMPV 
programme investigates how light can be more efficiently converted into electricity. The new 
designs aim at a much lower use of materials, reducing cell fabrication costs on the one hand, and 
the achievement of ultrahigh efficiencies on the other hand. For the new cell structures, new tech-
niques such as soft-imprinting, (electro-)chemical synthesis and molecular self-assembly are being 
developed.  

The LMPV Focus Group is part of the Nanophotonics programmes of the FOM Institute AMOLF 
in Amsterdam and is headed by Albert Polman. It started on September 1, 2012 with the hiring of 
the first group leader, Erik Garnett (PhD Berkeley University, postdoc Stanford University), who 
started a research programme on nanowire solar cells. The second group leader, Bruno Ehrler 
(PhD and post-doc Cambridge University) started on November 1, 2014, initiating a research pro-
gramme on hybrid organic/inorganic solar cells. The third group leader, Esther Alarcon Llado 
(PhD at CSIC Spain, postdoc and researcher at A-Star Singapore, EPFL and Berkeley University) 
has started on February 1st, 2016, and will build up a research programme on electrochemical 
growth of semiconductor nanowires. In addition, the LMPV programme has two satellite projects 
in the group of Daniel Vanmaekelbergh (UU) and Ruud Schropp (TUE/ECN); the first of which 
has just been completed with the (cum laude) graduation of the PhD student. 

Together, the four LMPV groups (Polman, Garnett, Ehrler, Alarcon) perform a coherent research 
programme that covers complementary aspects required to achieve the future goal of ultra-high 
efficiency photovoltaics at low costs. It covers the fundamentals of light coupling and trapping in 
thin-film and wafer-based solar cells, the results of which are directly applied in existing techno-
logy such as wafer-based Si and thin-film CIGS solar cells. It addresses new methods to synthesize 
the new perovskite materials, which can have efficiencies above 20%. The perovskites are also stu-
died with the aim to achieve Si/perovskite tandem solar cells with efficiencies above 30%. Hybrid 
organic/inorganic geometries are investigated with the aim to achieve conversion quantum 
efficiencies >100% trough singlet fission, enabling Si solar cells with efficiencies above 30%. 
Semiconductor nanowires based on Si, III-V materials or inexpensive semiconductors such as 
Cu2O are developed as flexible solar materials that can potentially be made at low-cost (and high 
efficiency) and can also find applications in e.g. building-integrated PV. Metal nanowire networks 
are developed that serve as transparent conductors that can be applied on nearly any type of solar 
cell. In parallel, the focus group investigates fundamental new mechanisms for photovoltaic 
energy conversion using spectrum splitting, the plasmo-electric effect, integrated light concentra-
tor geometries, etc. 

Through the Focus Group funding (5.4 M€ for the period 2012-2020), and additional grants that 
will be acquired from other funds, including AMOLF's own contribution to the programme (2.4 
M€), the LMPV programme aims to grow to a total size of ∼30 researchers in the coming years. 
This report will provide highlights of the personnel that was directly funded by LMPV. As the 
acquiring of additional funds is a key aspect of the LMPV programme, this report will also provide 
an overview of the results of the researchers appointed through additionally acquired funds. 
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2. Scientific highlights 
Highlight 1  Variations in the local external radiation efficiency within a single nanowire 
measured with integrating sphere microscopy: PhD student Sander Mann (LMPV, Garnett group) 
We have developed a technique to measure the quantum photoluminescence yield (QPLY) on sin-
gle nanostructures with diffraction limited resolution, opening up new avenues in nanoscale 
device characterization. For many optoelectronic devices, whether they are solar cells, LEDs, or 
lasers, the QPLY is a crucial characteristic that largely determines device efficiency. The new 
method is an extension of our integrating sphere microscopy method, where we combine an inte-
grating sphere with a microscope objective for high spatial resolution. To demonstrate the tech-
nique we have measured the QPLY on a p-i-n catalyst-free grown InP nanowire with a 150 nm 
diameter and a 50 nm SiO2 shell. Within the intrinsic region the QPLY was determined to be 4%, 
while in the doped regions of the wire the QPLY could be as high as 8%. Furthermore, the QPLY is 
strongly carrier density dependent but does not depend on excitation wavelength, as expected. 
These QPLY values are already very high compared to macroscopic samples, underlining the 
potential of nanostructures for optoelectronic devices such as solar cells. 
  
Highlight 2  Internal quantum efficiency measurements of record single InP nanowire Photo-
voltaics: PhD student Sebastian Oener (LMPV, Garnett group) 
Nanowire array solar cells provide the potential for high efficiency at very low material utilization. 
To investigate their electronic and optical properties accurately, single nanowire measurements are 
urgently needed, but difficult due to the small size of the devices. To date it has not been possible 
to determine the internal quantum efficiency (IQE) – that is the number of extracted charge carriers 
per absorbed photon – which is one of the most important parameters for solar cells. We have 
recently succeeded in measuring spatially resolved quantitative absorption and IQE of single InP 
p-i-n nanowire solar cells, using a newly developed integrating sphere microscopy technique. Our 
devices show a record open circuit voltage of up to 830 mV and a short circuit current of up to 1.4 
nA. We obtain a high IQE of close to 100% in the n-doped region, but a low performance of the p-
doped region. With the aim to improve the overall performance, we study the influence of differ-
ent nanowire diameters and doping profiles (axial and radial), showing that we can even achieve a 
uniform IQE along the whole length of the InP nanowire. 
 
Highlight 3  Hybrid lead-halide perovskites under pressure: PhD student Tianyi Wang (LMPV, 
Ehrler group) 
Lead-halide perovskite semiconductors have shaken the solar cell field as they have reached 
efficiencies well beyond 20% after only a few years of development. Here we place methylammo-
nium lead iodide perovskite thin films under hydrostatic pressure up to 4 kbar. Under pressure 
the bandgap gradually decreases up to 30 meV, until a the material undergoes a (reversible) phase 
transition just above 3 kbar. This phase transition coincides with a sudden blue-shift of the 
bandgap of 50 meV followed by a continuous blue-shift. We find that before the phase transition 
the emission is composed of two parts, the band-to-band transition and the phonon-assisted radia-
tion, about 60 meV below the band-to-band transition. The phonon-assisted radiation becomes 
more significant with pressure, from around 10% at zero pressure to around 25% at 3 kbar. At the 
same time the overall radiative efficiency increases. At 3 kbar we find that 40% of the charge carri-
ers decay radiatively. After the phase transition, the perovskite shows only a single emissive spe-
cies at high radiative efficiency. These findings will stimulate further optimization of perovskite 
based materials for solar cells. 
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Highlight 4  Silicon-singlet fission parallel tandem solar cell exceeding 100% external quan-
tum efficiency: Post-doc Jumin Lee (LMPV, Ehrler group) 
Conventional tandem solar cells are connected in series, which requires current matching. This 
requirement renders the efficiency highly unstable once the spectrum varies significantly from the 
standard spectrum. Down-conversion via singlet fission in organic molecules can double the cur-
rent of a solar cell while halving its voltage. We show that this can lead to a voltage-matched two-
bandgap tandem cell that allows for an electrical connection in parallel. These parallel-tandem 
solar cells are far more robust against spectral changes. We calculate that the theoretical efficiency 
limit of a series-connected and a parallel-connected singlet fission tandem solar cell under realistic 
solar irradiance spectra for the Netherlands, and find that the annual power output of a parallel 
connected tandem cell can be 33% higher than from a single-junction cell, while the conventional 
series-connected tandem cell only provides a 18% advantage. We realize a parallel tandem solar 
cell from the singlet fission sensitizer pentacene in the high-bandgap sub-cell, and from a silicon 
cell as the low-bandgap sub-cell. In that configuration we see that the current of the two solar cells 
adds and we measure an external quantum efficiency of 106% at 670 nm incident light, which 
means that every incident photon at that wavelength produces 1.06 electrons. Extracting more than 
one electron per photon is critical for this parallel-tandem solar cell to be viable, and our results 
suggest that this tandem solar cell design might form an alternative to conventional tandem solar 
cells. 
 
Highlight 5  New group: 3D photovoltaics, start 1-2-2016 (LMPV, group leader: Esther Alarcon 
Llado) 
This new group aims at exploiting the extended degrees of freedom offered in nanostructures to 
fabricate new unconventional solar cell designs with high conversion efficiency at low cost. Not 
only is the group interested in high conversion efficiencies, but also in widening the range of func-
tionalities of photovoltaics, such as the integration of PV with small consumer electronics or large 
building components. For this, the group will focus on extending the boundaries of 3D additive 
nano-manufacturing for the bottom-up fabrication of functional semiconductor nanostructures in 
solution. We expect that the flexibility and low-cost of the fabrication method will open up a new 
range of possibilities for the generation of novel devices, in particular in the domain of photonics 
and energy conversion. 

 
Highlight 6  Photoluminescence experiments reveal the nanosecond to millisecond dynamics 
of trap states in colloidal quantum dots: PhD student Freddy Rabouw (LMPV, Vanmaekelbergh 
group) 
We have investigated the release of charge carrier from traps in colloidal quantum dots, on time-
scales from nanoseconds to milliseconds, on single quantum dots and in ensembles. Depending on 
the quantum dot geometry (i.e. size, shape, composition), the probability of reversible trapping 
following excitation is surprisingly high: between 10% and over 50%. The release rates show 
power-law statistics. We had to revise existing models for quantum dot blinking to account for 
these new observations. Although charge carrier traps in quantum dots are commonly linked to 
non-radiative recombination, we have found no connection between the reversible trapping pro-
bability and photoluminescence quantum yield. Future studies are necessary to investigate how 
reversible trapping affects transport properties of quantum dot films, for example in solar cells or 
LEDs. 
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Highlight 7  High efficiency hybrid tandem solar cells: PhD student Dibyashree Koushik 
(LMPV, Schropp group) 
In order to enable perovskite thin film solar cells with highly selective photo-absorption for hybrid 
perovskite/c-Si four-terminal tandem cells, we have studied the chemical stability of these layers 
during Atomic Layer Deposition (ALD) of the highly transparent In2O3:H electrode layers for solar 
cells that were newly developed at TUE. We compared pure lead iodide and lead bromide perov-
skites. We used XRD to identify the presence of products of chemical decomposition and found 
that the bromide perovskites are significantly more stable under ALD processing conditions. The 
iodide perovskite decomposes during In2O3:H deposition due to the water vapor used as an oxi-
dant in this process. A protection layer of 10 nm thermally evaporated MoOx was found to signifi-
cantly improve the stability of iodide perovskite. Such a layer might double as a hole selective 
layer. The bromide perovskite (made at AMOLF) were found to be very stable during the ALD 
In2O3:H process, even without a protection layer. This shows great potential for the bromide 
perovskite solar cell as a reliable wide band gap cell in hybrid tandem cells. 
 
Highlight 8  Soft imprinted Ag nanowire hybrid electrodes on silicon heterojunction solar 
cells: Postdoc Mark Knight (GCEP, Polman group) 
We demonstrated a strong efficiency enhancement in front-contacted silicon heterojunction (SHJ) 
solar cells using silver nanowire-based hybrid electrodes. SHJ cells typically suffer from shading 
losses due to reflection from macroscopic sun-facing metal fingers, which must be closely spaced 
to avoid resistive losses in the transparent conductive electrode (TCE). Using substrate conformal 
imprint lithography (SCIL) we fabricate silver nanowire electrodes on practical scale (4 cm2) planar 
SHJ cells. These electrodes exhibit anomalous transmission and a 10-fold improvement in sheet 
conductance relative to a standard ITO layer, enabling larger finger spacings without compromis-
ing the cell fill factor. By replacing >70% of ITO with transparent SiNx the parasitic absorption is 
reduced while improving the anti-reflective performance. As a result, the short circuit current den-
sity increases by 1.4 mA cm-2, yielding an absolute increase in cell efficiency of 2.2%. These engi-
neered hybrid electrodes provide a practical pathway towards front-contacted SHJ cells exceeding 
25% efficiency and with a reduced dependence on rare metals. 
 
3. Programme activities 
The LMPV programme held Progress Meetings on February 20 and May 29, 2015. A workshop Light 
Management for solar cells (60 attendees) with 4 international speakers was organized on June 26. A 
Nanophotonics/ photovoltaics summer school (55 attendees) was held on September 14-17, 2015. A 
symposium Our solar energy future, celebrating the 60th anniversary of Wim Sinke, was held on 
November 13 (150 attendees). Since most LMPV activities are carried out in one location (AMOLF), 
strong interaction between different research lines is guaranteed, as well as the sharing of lab 
facilities. 

Attendees at LMPV Symposium, June 26, 2015 
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Within the Amsterdam Science Park, the Solardam consortium that is composed of all researchers 
active in solar energy at UvA, VU and AMOLF (>100 PhDs and postdocs, supervised by 20 PIs) 
had its official kick-off with the hiring of 8 postdocs that will work on selected topics in 
photovoltaics, photocatalysis and photosynthesis in Amsterdam. 

The LMPV programme is working with ECN and several other national partners to coordinate 
research activities related to the development of high-efficiency solar cells in the Netherlands. ECN 
has announced it is planning to move its entire Petten-based solar energy division (60 researchers 
and technicians) to Science Park Amsterdam. The choice for Amsterdam is largely motivated by 
the strong activities and technical facilities in solar energy at AMOLF, UvA and VU, including the 
cleanroom facilities at AMOLF. At the same time, ECN will provide complementary advanced 
silicon cell and module processing and characterization in its pilot facility with and for industry 
partners. AMOLFs LMPV activities and ECNs pilot facility are embedded in the Silicon Compe-
tence Center, a TKI Solar Energy programme within the Dutch Top Sector Energy that brings 
together academic and industrial research and technology development. 

The LMPV programme maintains collaborations with several other institutes and universities 
inside and outside the Netherlands: 
FOM Institute Differ: plasmonic nanomaterials for photocatalysis 
TUD: high-resolution TEM of complex nanostructures 
WUR: Silicon surface coating for organic-silicon hybrid structures 
Helmholtz Center, Berlin: light trapping in ultra-thin CIGS cells 
University of Cambridge: singlet fission, quantum dot solar cells 
UC San Diego, USA: x-ray fluorescence mapping of halide perovskite single crystals under bias 
TUE: InP nanowire array solar cells 
TUE: InP single nanowire solar cell internal quantum efficiency and external radiative efficiency 
TUE/ECN: Metal-insulator-semiconductor solar cells with metal nanowire networks 
Northwestern University, USA: novel singlet fission materials 
Caltech, USA: light management in PV, plasmoelectric effect 
Stanford University, USA: light management in PV 

The LMPV Focus Group provides funding for the start-up packages for two tenure-track group 
leaders (Garnett and Ehrler), that consist of a material budget, equipment investments and 2 PhD 
students/postdocs for each group. The third tenure-track group leader (Alarcon Llado) and her 
start-up package is funded by AMOLF. To further expand the LMPV programme all group leaders 
must raise external funds. These external projects are an essential element of the LMPV pro-
gramme, as they are key to the growth of the programme to the desired size of ∼30 researchers. 
The following external grants, amounting to a total of 4.3 M€, were awarded since the start of the 
LMPV programme. 

 
Year Funding Agency PI Title Budget (k€) 
2013 ERC Starting Grant Garnett Photovoltaics enabled through nanoscience 1.500 
2013 ASML Polman Roadmap nanofabrication for photovoltaics 100 
2013 FEI Garnett 3D imaging of nanomaterials with SEM in-kind 
2013 GCEP Polman Dielectric metasurfaces for light trapping in high-efficiency low-

cost silicon solar cells 
376 

2013 NWO/TKI Adv. 
Instrumentation 

Garnett Three-dimensional spectroscopic SEM 180 

2013 TKI Solar Energy Polman Silicon competence center investments 123 
2013 FOM-Philips IPP Garnett, 

Polman 
Nanophotonics for solid-state lighting 670 
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2013 NWO Garnett Photosynthesis of nanomaterials 719 
2013 KNAW Polman KNAW visiting professorship Harry Atwater 6 
2014 KNAW Polman KNAW visiting professorship Andrea Alu 20 
2015 TKI Solar energy Polman Competitive passivating contact technology for PV 

 
96 

2015 TKI HTSM? Garnett Electron backscatter diffraction with ultralow background and 
low material damage 

164 

2015 FOM Projectruimte Ehrler Highly efficient solar cells enabled by understanding triplet 
exciton dynamics 

395 

 TOTAL   4.3 M€ 
 
Honors and awards 

In 2015, two PhD students received their degree cum laude:  
- Freddy Rabouw (LMPV), Before there was light: excited state dynamics in luminescent (nano)materials, 
Utrecht University, 28-9-2015, advisor prof. dr. D.A.M. Vanmaekelbergh 
- Jorik van de Groep (ERC), Resonant nanophotonic structures for photovoltaics, University of Amsterdam, 15-
12-2015, advisor: Prof. dr. A. Polman 
Jorik van de Groep (ERC) was awarded an MRS Gold Student Award at the MRS Spring Meeting, 
San Francisco, April 10-15 2015 
At the symposium in honor of his 60th birthday, Wim Sinke (LMPV) was decorated Knight in the 
Order of the Dutch Lion. 

 
4. Personnel 
In 2015 the following personnel was working on the LMPV programme, directly funded by LMPV. 
 
Name Position Group Start date End date Grant 
Erik Garnett Group leader Garnett 1-9-2012  LMPV 
Sander Mann PhD student Garnett 1-9-2012 31-8-2016 LMPV 
Sebastian Oener PhD student Garnett 1-9-2012 31-8-2016 LMPV 
Wim Sinke Guest (0.2 fte) Polman 1-4-2013  LMPV 
Freddy Rabouw PhD student Vanmaekel

bergh 
1-9-2011 31-8-2015 LMPV 

Bruno Ehrler Group Leader Ehrler 1-11-2014  LMPV 
Tianyi Wang PhD student Ehrler 1-12-2014 30-11-2018 LMPV* 
Ju Min Lee Postdoc Ehrler 1-3-2015 28-2-2018 LMPV* 
Marc Duursma technician Garnett 1-1-2015  LMPV 
Luis Pazos Guest Ehrler 1-3-2015 10-06-2015 AMOLF 
Dibyashree Koushik PhD student Schropp 1-6-2015 31-5-2019 LMPV 

 * Wang and Lee's salaries are funded by NanoNextNL until 31-12-2016; they will be paid by LMPV afterwards. Their 
materials and lab investment budgets are paid by LMPV.  

 
In 2015 the following personnel was working on the LMPV programme on AMOLF's mission 
budget and external grants of the LMPV group leaders. 
 
Name Position Group Start date End date Grant 
Albert Polman Programme leader Polman 1-9-2012  AMOLF 
Forrest Bradbury Guest (0.2 fte) Garnett 1-10-2012 31-12-2016 AUC 
Lourens van Dijk PhD student/guest Polman/ 

Schropp 
1-1-2013 1-5-2016 UU 
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Beniamino Sciacca Postdoc Garnett 1-7-2013 31-12-2016 ERC 
Jorik van de Groep PhD Polman 1-7-2011 31-12-2015 ERC 
Jia Wang Postdoc Garnett 15-11-2013 1-9-2015 ERC 
Parisa Khoram PhD student Garnett 1-1-2014 31-12-2017 ERC 
Gede Adhyaksa PhD student Garnett 15-2-2014 14-2-2018 ERC 
Sarah Brittman Postdoc Garnett 15-3-2014 14-3-2017 IPP Philips 
Mark Knight Postdoc Polman 1-6-2014 31-5-2017 ERC/GCEP 
Maria Minone Msc student Ehrler 1-1-2015 31-01-2016 AMOLF 
Andrea Alù guest Polman 1-1-2015 31-12-2015 KNAW 
Eric Johlin Postdoc Garnett 12-1-2015 11-1-2017 NWO/TKI 
Linda van de Waart Msc student Ehrler/Gar

nett 
1-3-2015 31-12-2015 AMOLF 

Annemarie Berkhout Msc student Garnett 1-11-2014 31-8-2015 AMOLF 
Luis Pazos Guest Ehrler 1-3-2015 10-06-2015 AMOLF 
Jenny Kontoleta PhD student Garnett 7-09-2015 6-09-2019 PHNM 
Haralds Abolins Bachelors student Garnett 9-01-2015 9-07-2016 AMOLF 
Benjamin Daiber Msc student Ehrler 1-09-2015 31-06-2016 AMOLF 
Verena Neder Msc student Polman 1-9-2015 30-6-2016 AMOLF 
Philipp Tockhorn Msc student Polman 1-9-2015 30-6-2016 AMOLF 
Teresa Ortmann Msc student Polman 1-9-2015 30-6-2016 AMOLF 
Philip Heringlake Msc student Polman 1-9-2015 30-6-2016 AMOLF 
Maarten Mennes Msc student Ehrler 1-10-2015 30-05-2016 AMOLF 
Moritz Futscher PhD student Ehrler 1-12-2015 30-11-2019 FOM 

Projectruimte 
 
   

  
LMPV team meeting 26-2-2016 

 
5. Publications (2015) 
Publications by personnel directly funded by LMPV (underlined). 
• S.Z. Oener, S. Mann, B. Sciacca, C. Sfiligoj, J. Hoang and E.C. Garnett, Au-Cu2O core-shell nanowire 

photovoltaics, Appl. Phys. Lett. 106, 023501 1-6 (2015). 
• S. Mann and E.C. Garnett, Resonant nanophotonic spectrum splitting for ultrathin multijunction solar cells, 

ACS Photonics 2, 816–821 (2015). 
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• B. Sciacca, J. van de Groep, A. Polman and E.C. Garnett, Solution-grown silver nanowire ordered arrays 
as transparent electrodes, Adv. Mater. 28, 905 (2015). 

• S. Brittman, G.W.P. Adhyaksa and E.C. Garnett, The expanding world of hybrid perovskites : materials 
properties and emerging applications, MRS Commun. 5, 7-26 (2015). 

• B. Sciacca, A. Yalcin and E.C. Garnett, Transformation of Ag nanowires into semiconducting AgFeS2 
nanowires, J. Am. Chem. Soc. 137, 4340-4343 (2015).  

• Le Yang, M. Tabachnyk, S.L. Bayliss, M.L. Böhm, K. Broch, N.C. Greenham, R.H. Friend and B. 
Ehrler, Solution-processable singlet fission photovoltaic devices, Nano Lett. 15, 354–358 (2015).  

• M.L. Böhm, T.C. Jellicoe, M. Tabachnyk, N.J.L.K. Davis, F. Wisnivesky, R. Rivarola, B. Ehrler, A.A. 
Bakulin and N.C. Greenham, Lead telluride quantum dot solar cells displaying external quantum 
efficiencies exceeding 120%, Nano Lett. 15, 7987–7993 (2015).  

• N.J.L.K. Davis, M.L. Böhm, M. Tabachnyk, F. Wisnivesky, T.C. Jellicoe, Caterina Ducati, B. Ehrler 
and N.C. Greenham, Multiple-exciton generation in lead selenide nanorod solar cells with external quantum 
efficiencies exceeding 120%, Nature Commun. 6, 8259 (2015).  

• M.L. Böhm, T.C. Jellicoe, J.P.H. Rivett, A. Sadhanala, N.J.L.K. Davis, F.S.F. Morgenstern, K.C. Gödel, 
J. Govindesamy, C.G.M. Benson, N.C. Greenham and B. Ehrler, Size and energy level tuning of quantum 
dot solids via a hybrid ligand complex, J. Phys. Chem. Lett. 6, 3510-3514 (2015). 

• F.T. Rabouw, M. Kamp., R.J.A. van Dijk-Moes, D.R. Gamelin, A.F. Koenderink, A. Meijerink and D. 
Vanmaekelbergh, Delayed exciton emission and its relation to blinking in CdSe quantum dots, Nano Lett. 
15, 7718–7725 (2015). 

• D.C. Yu, R. Martín-Rodríguez , Q.Y. Zhang, A. Meijerink and F.T. Rabouw, Multi-photon quantum 
cutting in Gd2O2S:Tm3+ to enhance the photo-response of solar cells, Light Sci. Appl. 4, e344 (2015). 

• W. van der Stam. E. Bladt, F.T. Rabouw, S. Bals and C. de Mello Donegá, Near-infrared emitting 
CuInSe2/CuInS2 dot core/rod shell heteronanorods by sequential cation exchange, ACS Nano 9, 11430–11438 
(2015). 

• F.T. Rabouw, R. Vaxenburg, A.A. Bakulin, R.J.A. van Dijk-Moes, H.J. Bakker, A. Rodina, E. Lifshitz, 
Al.L. Efros, A.F. Koenderink and D. Vanmaekelbergh, Dynamics of intraband and interband Auger 
processes in colloidal core–shell quantum dots, ACS Nano 9, 10366–10376 (2015). 

• J. Tilchin, F.T. Rabouw, M. Isarov, R. Vaxenburg, R.J.A. van Dijk-Moes, E. Lifshitz and D. 
Vanmaekelbergh, Quantum confinement regimes in CdTe nanocrystals probed by single dot spectroscopy: 
from strong confinement to the bulk limit, ACS Nano 9, 7840–7845 (2015). 

• M. de Jong, L. Seijo, A. Meijerink and F.T. Rabouw, Resolving the ambiguity in the relation between 
Stokes shift and Huang-Rhys parameter, Phys. Chem. Chem. Phys. 17, 16959–16969 (2015). 

• D. Vanmaekelbergh, L.K. van Vugt, H.E. Bakker, F.T. Rabouw, B. de Nijs, R.J.A. van DIjk-Moes, M.A. 
van Huis, P. Baesjou and A. van Blaaderen, Shape-dependent multi-exciton emission and whispering 
gallery modes in supraparticles of CdSe/multi-shell quantum dots, ACS Nano 9, 3942–3950 (2015). 

• R. Martín-Rodríguez, F.T. Rabouw, M. Trevisani, M. Bettinelli and A. Meijerink, Upconversion 
dynamics in Er3+-doped Gd2O2S: influence of excitation power, Er3+ concentration, and defects, Adv. 
Optical Mater. 3, 558–567 (2015). 

• F.T. Rabouw and A. Meijerink, Modeling the cooperative energy transfer dynamics of quantum cutting for 
solar cells, J. Phys. Chem. C 119, 2364−2370 (2015). 

• T. Senden, F.T. Rabouw and A. Meijerink, Photonic effects on the radiative decay rate and luminescence 
quantum yield of doped nanocrystals, ACS Nano 9, 1801–1808 (2015). 

• W. van der Stam, A.C. Berends, F.T. Rabouw, T. Willhammar, X. Ke, J.D. Meeldijk, S. Bals and C. de 
Mello Donegá, Luminescent CuInS2 quantum dots by partial cation exchange in Cu2−xS nanocrystals, 
Chem. Mater. 27, 621−628 (2015). 

Publications by personnel from projects acquired through LMPV 
• M.A. Verschuuren, M. J.A. de Dood, D. Stolwijk, G.W. 't Hooft and A. Polman, Optical properties of high-

quality nanohole arrays in gold made using soft-nanoimprint lithography, MRS Commun. 5, 547-553 (2015).  
• J. van de Groep, D. Gupta, M.A. Verschuuren, M.M. Wienk, Rene A.J. Janssen and A. Polman, Sci. Rep. 

5, 11414: 1-12 (2015).  
• J. van de Groep, P. Spinelli and A. Polman, Single-step soft-imprinted large-area nanopatterned anti-reflec-

tion coating, Nano Lett. 15, 4223-4228 (2015).  
• E.D. Kosten, B.K. Newman, J.V. Lloyd, A. Polman and H.A. Atwater, Limiting light escape angle in silicon 
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photovoltaics : ideal and realistic cells, IEEE J. Photovoltaics 5, 61-69 (2015).  
• A.F. Koenderink, A. Alù and A. Polman, Nanophotonics : shrinking light-based technology, Science 348, 

516-521 (2015). 
• L. van Dijk, U.W. Paetzold, G.A. Blab, E.A.P. Marcus, A.J. Oostra, J. van de Groep, A. Polman, M. Di 

Vece, and R.E.I. Schropp, 3D-printed external light traps for solar cells, Proc. 42nd IEEE-PVSEC, IEEE (2015) 
• L. van Dijk, J. van de Groep, M. Di Vece, A. Polman, and R.E.I. Schropp, Light trapping in µc-Si solar cells 

by flat plasmonic scattering back reflector, Proc. 29th EUPVSEC, WIP, Germany (2015), p. 4298 
 
PhD theses 
LMPV: 
• Before there was light: excited state dynamics in luminescent (nano)materials, . F.T. Rabouw, PhD thesis, 

Utrecht University, 28-9-2015, advisor prof. dr. D.A.M. Vanmaekelbergh – cum laude 
External funding (ERC): 
• Resonant nanophotonic structures for photovoltaics, J. van de Groep, Ph.D. Thesis, University of Amsterdam, 

15-12-2015, advisor: Prof. dr. A. Polman – cum laude 
 
6. Valorisation 
The LMPV programme has the following collaborations with industrial companies and technologi-
cal institutes: 
Philips Research: Development of soft imprint lithography for photovoltaics 
ASML: Development of a roadmap for nanolithography for photovoltaics 
ECN: Joint research on high-efficiency solar cells, development of common research agenda  
Philips Research: Joint research within Industrial Partnership Programme Nanophotonics for solid 
state lighting  
Global Climate and Energy Programme (GCEP), funded by ExxonMobil, GE, Schlumberger, and 
Toyota: Project on ultrathin Si solar cells 
TKI Solar Energy: AMOLF is member of the consortium within the TKI Solar Energy with Tem-
press, Levitech, Eurotron, Roth & Rau and ECN. Goal is to develop new technologies for the Dutch 
solar cell and solar panel industry.  
 
The LMPV programme has held meetings in 2015 to exploring collaborative activities with: 
DSM: AR coatings, transparent conductors, singlet fission materials 
ASI: New low-background electron detectors for diffraction measurements of hybrid perovskites 
DSM: Nanopatterning for anti-reflection, light trapping and transparent conductor coatings 
ECN: Nanocube assembly and welding for ultra-low resistance solar cell contacts 
 
7. Outreach 
To train a new generation of students in the field of photovoltaics, LMPV group leaders contribute 
to the master course Advanced Materials and Energy Physics (AMEP) at the University of 
Amsterdam. Several students carry out internships at AMOLF.  

A large number of outreach activities were held, most notably presentations at the AMOLF Open 
Day, and through lab tours for numerous visitors to AMOLF: politicians, science policy makers, 
high school students, etc.. 

A solar panel test field was installed near the AMOLF building. It is composed of 24 panels of 6 
different types, including high efficiency Si, CIGS and CdTe. A data logging system is continu-
ously recording IV characteristics of each panel type and the solar influx (spectrum, intensity) is 
continuously monitored. The data will be made online available and will form the source of many 
different projects for bachelor and master students from UvA and Amsterdam University College.  

Several interviews were made in newspapers and in theatre: 



 
 
 

 
 
 - 12 - 
 

1. Nieuw wondermateriaal voor zonnecellen, De Volkskrant, February 14, 2015 
2. Zon zal energiewedloop winnen, Financieel Dagblad, February 17, 2015 
3. Professoren op het podium, Odeon theatre, Zwolle, March 22, 2015 
4. Licht uit, professor aan, De Volkskrant, April 15, 2015 
5. Een ongekende kracht, Folia, June 10, 2015  
 
A lecture-theatre performance was developed by Albert Polman, together with producer Jan van 
den Berg, entitled: 'Voor niets gaat de zon op'. It is meant to stimulate interest in solar energy for the 
general audience. It played at theatres in Amsterdam, Utrecht, Eindhoven and Veldhoven and will 
continue its tour through the Netherlands in 2016. 

 
8. Vacancies 
Presently, all vacancies in the LMPV programme are filled. 
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Fact sheet as of 1 January 2016 

 FOM - 11.0412/6 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 131. 
  
Title (code) Light management in new photovoltaic materials (LMPV) 
  
Executive organisational unit AMOLF & BUW 
  
Programme management Prof.dr. A. Polman 
  
Duration 2011-2019 
  
Cost estimate M€ 5.4 
  
Concise programme description 
a. Objectives 
The Focus Group Light management in new photovoltaic materials will carry out a comprehensive 
research program on nanoscale photovoltaic materials exploiting novel ways to control light-mat-
ter interaction. The Focus Group will develop new ways to enhance the interaction of light with 
electronic states in photovoltaic nanomaterials/structures based ultra-thin (compound) 
semiconductors, hybrid organic/ inorganic dye-sensitized solar cells and quantum dot nanostruc-
tures made using self-assembly. The new designs will reduce the amount and cost of photovoltaic 
materials and lead to more efficient light-to-current conversion.  
 
b. Background, relevance and implementation 
Photovoltaics, the conversion of (sun)light to electricity, is a promising technology that enables the 
generation of electrical power at a very large scale. The worldwide photovoltaic production was 
>10 GW in 2009, and is expected to rise above 20 GW in 2015. Thus photovoltaics has the potential 
to make a significant contribution to solving the energy problem that our society faces in the next 
generation. However, to make photovoltaics competitive with fossil fuel technologies, the costs 
need to be reduced by a factor of 2-5, depending on the geographical location. To achieve this goal, 
radically new solar cell designs are required with lower costs, while maintaining high efficiency. 
This is the primary objective of this proposal.  
 
The Focus Group is composed of three research groups and will present a highly visible energy 
research activity within the Netherlands and worldwide. The total costs for the Focus Group for a 
nine-year period (2011-2019) amount to M€ 7.7. An amount of M€ 5.4 is funded by this pro-
gramme; AMOLF will contribute M€ 2.3. The budget enables the hiring of three tenure-track group 
leaders, PhD students and postdocs to a maximum of 14 fte. The new group leaders will acquire 
additional funding through (inter)national funding competitions so that the effective Focus Group 
size will double to some 25-30 fte. 
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To ensure the transfer of the knowledge to be obtained within this programme to industrial users, 
this program will be carried out in close collaboration with Utrecht University and the Energy 
Research Center of the Netherlands (ECN). 
 
Funding 
salarispeil cao per 01-01-2016 
 
a) via AMOLF *) 

bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 2.700 437 437 437 463 - - 4.474 

FOM-basisinvesteringen 400 - - - - - - 400 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 3.100 437 437 437 463 - - 4.874 
*) AMOLF will contribute the amount of k€ 2.270 (specified in the original proposal) from its mission budget. 
 
b) via BUW 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 330 66 66 66 - - - 528 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 330 66 66 66 - - - 528 
 
Source documents and progress control 
a) Original programme proposal: FOM-10.1700 
b) Ex ante evaluation: FOM-10.1844 
c) Decision Executive Board: FOM-11.0410 and FOM-11.1140 
 
 
Remarks 
The programme was launched following a national call for proposals for FOM Focus Groups for 
fundamental energy research and forms part of and is scientifically connected to the Dutch 
Institute for Fundamental Energy Research (DIFFER). 
 
During the second half of 2015 the scientific programme of this focus group will be subject to a 
mid-term evaluation. The final evaluation will consist of a self-evaluation initiated by the 
programme leader and is foreseen for 2019. 
 
 
 
 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 

2011 - - 0.3 - 27 

2012 - 0.3 1.7 - 374 

2013 - 0.8 3.0 1.8 537 

2014 - 1.0 3.0 1.0 540 

2015 - 1.5 3.3 2.0 989 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - - - - 

2012 - 2 - - 

2013 - 3 13 - 

2014 - 4 37 2 

2015 1 12 19 - 

* After closing the financial year. 
 
 
PhD defences 
2011 
None. 

2012 
None. 

2013 
None. 

2014 
None. 

2015 
Freddy Rabouw, 29 September 2015, FOM-U-28. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
Metal-semiconductor core-shell nanowire devices, E.C. 
Garnett, B. Sciacca, S.A. Mann, S. Oener, Inter-
national patent application number EP14165469.9, 
filed 22 April 2014. 
Nanophotonic spectrum splitting devices, E.C. Garnett 
and S.A. Mann, International patent application 
number EP14165467.3, filed 22 April 2014. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-E-35 

Leader Prof.dr. R.E.I. Schropp 
Organisation Eindhoven University of Technology 
Project (title + number) Light management in new photovoltaic materials (14LMPV03) 
FOM employees on this project 
Name Position Start date End date 
D. Koushik PhD 1 June 2015 31 May 2019 
 
 
Workgroup FOM-U-28 

Leader Prof.dr. D. Vanmaekelbergh 
Organisation Utrecht University 
Project (title + number) Light management in new photovoltaic materials (11LMPV02) 
FOM employees on this project 
Name Position Start date End date 
F.T. Rabouw PhD 1 September 2011 31 August 2015 
 
 
Group Polman 

Leader Prof.dr. A. Polman 
Organisation FOM Institute AMOLF 
Project (title + number) Light management in new photovoltaic materials (nr. 131) WB 
FOM employees on this project 
Name Position Start date End date 
W.C. Sinke guest 1 April 2013 28 February 2018 
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Group Garnett 

Leader Dr. E.C. Garnett 
Organisation FOM Institute AMOLF 
Project (title + number) Light management in new photovoltaic materials (nr. 131) WB 
 
FOM employees on this project 
Name Position Start date End date 
E.C. Garnett WP/T 1 September 2012 31 August 2017 
S.A. Mann PhD 1 September 2012 31 August 2016 
S.Z. Oner PhD 1 September 2012 31 August 2016 
H. Zeijlemaker TP/V 1 January 2014 31 December 2016 
M.C. Duursma TP/V 1 January 2015 31 December 2017 
 
 
Group Ehrler 

Leader Dr. B. Ehrler 
Organisation FOM Institute AMOLF 
Project (title + number) Light management in new photovoltaic materials (nr. 131) WB 
 
FOM employees on this project 
Name Position Start date End date 
B. Ehrler WP/T 1 November 2014 31 October 2019 
T. Wang* PhD 1 November 2014  31 October 2018 
* Wang's salary is funded by NanoNext until 31-12-2016, his materials and lab investment 
budgets are paid by LMPV. 
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