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Wednesday July 13th - 18.00-20.30 pm: Cluster 3 - Third generation PV cells 
Subcluster 3.1: Nanodots- or nanowires-based PV 
Chair: Prof. Stergios LOGOTHETIDIS (HEAD,  AUTh/LTFN, Greece) 

 Dr.  Bertrand FILLON (CTO, CEA/LITEN, France) 
 

18.00-18.15 pm: All-inorganic nano-rod based thin-film solarcells on glass 
(Project: ROD-SOL, Coord: Institute of Photonic Technology, IPHT, Germany) – 
Silke H. CHRISTIANSEN. 
 
18.15-18.30 pm: Semiconductor Nanomaterial for Advanced Photovoltaic Solar 
cells Using New concept of nanocrystal and conductive host  
(Project: SNAPSUN, Coord: CEA-INES - France) – Simon PERRAUD 
 
18.30-18.45 pm: Nanomaterials and nanotechnology for advanced photovoltaics 
(Project: NanoPV, Coord: STIFTELSEN SINTEF, Norway)-Fritz FALK 
 
18.45-19.00 pm: Silicon nanodots for solar cell tandem 
(Project: NASCEnT, Coord: Fraunhofer Institut für Solare Energiesysteme ISE, 
Germany) – Barbara HERTER 
 
19.00-19.15 pm: Architectures, Materials, and One-dimensional Nanowires for 
Photovoltaics - Research and Applications 
(Project: AMON-RA , Coord: Faculty of Engineering (LTH), Lund University, 
Sweden) – Knut DEPPERT 
 
19.15.19.30 pm: Improve Photovoltaic efficiency by applying novel effects at the 
limits of light to matter interaction 
(Project: LIMA , Coord Universidad Politécnica de Valencia, Spain) – Esther PEREZ 
 
19.30-19.45 pm: Intermediate band materials and solar cells for photovoltaics 
with high efficiency and reduced cost 
(Project: IBPOWER , Coord: Instituto de Energía Solar, Universidad Politecnica de 
Madrid, Spain) – Antonio MARTI VEGA 

 
 
Subcluster 3.2: Organic PV cells or DSC 
 

19.45-20.00 pm: Efficient and Robust Dye Sensitized Solar Cells and Modules 
(Project: ROBUST DSC, Coord: ECN Solar Energy, The Netherlands) – Jan 
KROON 
 
20.00-20.15 pm: Highly Flexible Printed ITO-free OPV Modules 
(Project: HIFLEX , Coord: ECN Solar Energy, The Netherlands)) – Jan KROON 
 
20.15-20.30 pm: Sensitizer Activated Nanostructured Solar Cells 
(Project: SANS, Coord: Clarendon Laboratory, University of Oxford, UK) Dr 
Polycarpos FALARAS 
 
20.30-20.45 pm: Questions & discussion 
 
21.30pm: Dinner and social event 
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Thursday July 14th - 09.30-11.00 am: Cluster 3 - Third generation PV cells 
Subcluster 3.2: Organic PV cells or DSC (continue …) 
Chair: Prof. S.R.P. SILVA (HEAD , Univ. of Surrey /Nano-Electronics Centre, UK) 
  Dr. Spiros KASSAVETIS (Head of Nano Fabrication Group, AUTh/LTFN, Greece) 
 

09.30 am-09.45 am: Innovative Materials for Future Generation Excitonic Solar 
Cells 
(Project: INNOVASOL , Coord: Università degli Studi del Piemonte Orientale 
Amedeo Avogadro, Italy) - Prof. Leonardo Marchese 
 
09.45 am-10.00 am: Smart light collecting system for the efficiency enhancement 
of solar cells 
(Project: EPHOCELL , Coord: Leitat Technological Center, Spain)– Laurent 
AUBOUY 

 
Subcluster 3.3: Innovative nanostructures 

 
10.00-10.15 am: Plasmon Generating Nanocomposite Materials (PGNM) for 3rd 
Generation Thin Film Solar Cells 
(Project: SOLAMON , Coord: CEA-INES, France) – Etienne QUESNEL 
 
10.15-10.30 am: Plasmon Resonance for IMproving the Absorption of solar cells 
(Project: PRIMA , Coord: Interuniversitair Micro-Electronica Centrum, IMEC, 
Belgium) – Soeren STEUDEL 

 
10.30-10.45 am: Nanomaterials for harvesting sub-band-gap photons via 
upconversion to increase solar cell efficiencies 
(Project: NanoSpec, Coord: Coord: Fraunhofer Institut für Solare Energiesysteme 
ISE, Germany)– Barbara HERTER  
 
10.45-11.00 pm: Questions & discussion 

 
11.00-11.30 am: Coffee break 

 
11.30-12.30 pm: Round table session. 
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Subcluster 3.1: Nanodots- or nanowires-based PV 
Chairmen 

Prof. Stergios LOGOTHETIDIS (HEAD, AUTh/LTFN, Greece) 
Dr. Bertrand FILLON (CTO, CEA/LITEN, France) 

 
ROD-SOL: All-inorganic nano-rod based thin-film solarcells on glass 
Coord: Institute of Photonic Technology, IPHT, Germany 
Silke H. CHRISTIANSEN 

 
SNAPSUN: Semiconductor Nanomaterial for Advanced Photovoltaic 
Solar cells Using New concept of nanocrystal and conductive host  
Coord: CEA-INES - France - Simon PERRAUD 

 
NanoPV: Nanomaterials and nanotechnology for advanced photovoltaics  
Coord: STIFTELSEN SINTEF, Norway - Fritz FALK  

 
NASCEnT: Silicon nanodots for solar cell tandem 
Coord: Fraunhofer Institut für Solare Energiesysteme ISE, Germany  
Barbara HERTER  

 
AMON-RA: Architectures, Materials, and One-dimensional Nanowires 
for Photovoltaics - Research and Applications 
Coord: Faculty of Engineering (LTH), Lund University, Sweden 
Knut DEPPERT  

 
LIMA: Improve Photovoltaic efficiency by applying novel effects at the 
limits of light to matter interaction 
Coord Universidad Politécnica de Valencia, Spain – Esther PEREZ 

 
IBPOWER: Intermediate band materials and solar cells for 
photovoltaics with high efficiency and reduced cost 
Coord: Instituto de Energía Solar, Universidad Politecnica de Madrid, Spain  
Antonio MARTI VEGA  
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All-inorganic nano-rod based thin-film 
solarcells on glass 

(Project ROD-SOL, Coord.: Institute of Photonic Technology, 

IPHT, Germany) 
 
 
Grant agreement n°:  227497 
Start and end dates:  01/01/2009 to 31/12/2011 
 
Co-ordinator:  Institute of Photonic Technology, Jena, Germany / Dr. Silke Christiansen: 
silke.christiansen@mpl.mpg.de, tel: +491796894182 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 
1 Institute of Photonic Technology Germany Coordinator 

2 
Friedrich-Alexander Universität 

Erlangen-Nürnberg 
Max-Planck Research Group 

Germany 
Si-NR growth with MOCVD; metal template 
development; Simulations; pn-junction 
development;  

3 
Swiss Federal Laboratories for 
Materials Testing and Research 

Switzerland electrical and mechanical characterization of NRs 

4 
Hungarian Academy of Science 
Research Institute for Technical 
Physics and Materials Science 

Hungary 
TEM analysis of novel Si-NR based materials; 
FIB based and conventional sample preparation 

5 
AIT – Austrian Institute of 
Technology GmbH, Nano- 

System-Technologies 
Austria 

Electrical metal oxide contacts based on spray 
deposition andmagnetron sputtering 

6 VTT Micro- and Nanoelectronics Finland 
Atomic layer deposition (ALD) of metal oxide 
contacts 

7 PICOSUN oy Finland 
Atomic layer deposition (ALD) of metal oxide 
contact layers on industrial level 

8 Aixtron AG Germany 
MO Chemical vapor deposition (CVD) of NRs 
on industrial level 

9 BiSOL d.o.o. Slovenia 
Test structure development and measurement of 
solar cell parameters; realization of a 
demonstrator thin film solar cell device 

10 iSupply Deutschland GmbH Germany 
Dissemination and exploitation plan; market 
analysis of global PV sector; technology watch 

 
Title : ROD-SOL - All-inorganic nano-rod based thin-film solar cells (www.rodsol.org) 
 
Objectives:  Semiconductor Nanorods (NRs) in solar cells hold the promise to be applied as 
antireflective films and as active elements in organic dye-sensitized and inorganic solid-state devices. 
In ROD_SOL we will make use of NRs as the active absorber material in an all-inorganic thin film 
solar cell and thus create a novel, 3D device architecture that need strong research to develop all the 
components needed to fully exploit the potential of that cell. 
 
Description of the work: The ROD_SOL project aims at making available to the PV markets, a novel 
nano thin film material based on NRs as well as contacting layers. 

Materials developments and optimization based on NRs are one of the major tasks in ROD_SOL next 
to the integration of these NRs in working thin-film solar cell devices, their testing and benchmarking 
of solar cell parameters. The leading European materials oriented groups contribute to this task. 
Innovation will take place in areas of materials processing of NRs such as adequate preferably radial 
doping, NR contacting based on conformally wrapped around transparent conducting oxide (TCO) 
layers. These materials developments will be guided by device simulations. 
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Expected results: implementation of materials in device concepts and assessment of the novel NR 
based thin film solar cell device in terms of cost structure and assessment of potential 
commercialization probability as well as road blockers if there are any. 
Assessment of novel TCO based on Al-doped ZnO by atomic layer deposition (ALD) for applicability 
in future thin film PV concepts; determination of missing input data for a telling 3D device simulation; 
 
Further research needs: the NR based thin film materials are still not achieving device efficiency 
that is theoretically possible; the reasons for that reside in bad contacting schemes, sub-optimum 
doping profiles and geometrical arrangements as well as large surface-/interfacial carrier 
recombinations; here the project should provide for progress to passivate the large NR surfaces and 
enhance experimental device efficiencies, to optimize doping profiles and contacting procedures 
experimentally, guided by a strongly advanced 3D electrical as well as optical device simulation;  
next to materials developments, device integration should be optimized as much as simulations and 
last but not least various electrical and optical as well as structural characterization procedures. 
A thin film, all-inorgnic, NR based solar cell should be realized experimentally with >12% efficiency. 
Right now, 10% have been achieved in a lab-scale cell with a layer of <3µm tickness.  
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Semiconductor Nanomaterial for Advanced 
Photovoltaic Solar cells Using New 

concept of nanocrystal and conductive host 
(Project SNAPSUN, Coord.: : CEA-INES - France) 

 
 
Grant agreement n°: 246310 
Start and end dates: June 2010 to May 2013  
 
Co-ordinator: CEA, France /Simon Perraud: simon.perraud@cea.fr, tel.: +33 (0)4 38 78 26 08 
 
Consortium: 
 
 
Partner Beneficiary Name Country Role 

1 CEA France 
- Vacuum deposition of silicon nanoparticles and 
nanocomposites 
- Nanocomposite modelling (semi-empirical) 

2 Technische Universiteit Delft Netherlands 
- Fabrication of reference nanocomposites 
- Optimization of novel nanocomposites 
- PV device modelling 

3 .SAFC Hitech Limited 
United 

Kingdom 
- Solution synthesis of host matrix precursors 

4 Tyndall National Institute Ireland 
- Solution synthesis of silicon nanoparticles 
- Atmospheric pressure deposition of 
nanocomposites 

5 Uppsala Universitet Sweden 
- Physical characterization 
- Nanocomposite modelling (ab-initio) 

6 STMicroelectronics SRL Italy - PV device fabrication 
 
Title : SNAPSUN - Semiconductor Nanomaterial for Advanced Photovoltaic Solar cells Using New 
concept of nanocrystal and conductive host (www.snapsun-project.eu)  
 
Objectives: Nanotechnologies and nanomaterials show broad opportunities to reduce the cost and 
increase the efficiency of PV solar cells. Indeed, at the nanoscale level, energy band gaps depend on 
nanomaterial architectures (nanoparticle size, bulk dispersion, interfaces with embedding matrix). 
Silicon nanoparticles allow the design of highly efficient PV architectures, like multijunction solar 
cells or low-cost, optimised, thin-film solar cells. The usual elaboration technique is based on the 
deposition of multilayers in which excess silicon is aggregated into nanoparticles through high 
temperature annealing. Control of nanoparticle size and bulk dispersion is difficult. Moreover, only 
limited host matrix materials can be considered (silicon containing). This prevents any knowledge-
based tuning of the nanomaterial properties. The main objective of the SNAPSUN project is to 
develop a novel PV nanomaterial with reliable and tailored characteristics, by achieving accurate 
control over silicon nanoparticle and host matrix properties. 
 
Description of the work: To overcome limitations described above, fully tailored silicon 
nanoparticles will be optimised, in terms of size and size dispersion. These silicon nanoparticles will 
be incorporated into a wide band gap host matrix, such as silicon carbide or transparent conductive 
oxides. This architecture will allow band gap engineering through accurate structure control, together 
with exceptional electrical characteristics (resistivity, carrier lifetime, etc.) in order to produce high PV 
efficiencies above 25%. Control of material structure will arise from the development of very 
promising processes allowing the separation of silicon nanoparticle generation and host matrix 
codeposition.  
 
Expected results: Vacuum and wet technologies will be used to target low-cost solar cells with a 
target production cost below 0.5€/Wp. 
 
Further research needs: Pilot line to produce nanoparticles with high reliability in size and shapes. 
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Nanomaterials and nanotechnology for 
advanced photovoltaics 

(Project NanoPV, Coord.: STIFTELSEN SINTEF, Norway) 
 
 

Grant agreement n°: 246331 
Start and end dates: 01/03/2011 to 28/02/2014 
 
Co-ordinator:  Stiftelsen SINTEF, Norway / Dr. A. Ulyashin: alexander.g.ulyashin@sintef.no,  
tel: +47 93002224  
 
 
Consortium: 
 

Partner Beneficiary Name Country Role 
1 Stiftelsen SINTEF Norway Research organisation 

2 
Energy Research Centre of the 
Netherlands  

Netherlands Research organisation 

3 
Helmholtz-Zentrum Berlin für 
Materialien und Energie GmbH  

Germany Research organization 

4 University of Valencia  Spain University 

5 
Water Schottky Institute, 
Technical University Munich  

Germany Research organization 

6 Institute of Photonic Technology Germany Research organization 

7 

Consiglio Nazionale Delle 
Ricerche, Laboratorio Nazionale 
MDM (Materials and Devices for 
Microelectronics)  

Italy Research organization 

8 Rudjer Boskovic Institute  Croatia Research organization 
9 Stiftelsen SINTEF Bulgaria Research organization 

10 
Energy Research Centre of the 
Netherlands  

UK Industrial company, equipment developer 

 

Title :  NanoPV - Nanomaterials and nanotechnology for advanced photovoltaics 
(www.nanotexnology.com)  
 
Objectives: The main objectives of NanoPV are: 
1. To develop technologies that increase the efficiency and reduce the processing cost of existing 
 silicon solar cell technologies using nano-scale effects  
2. To design and to fabricate low cost solar cells entirely from nanomaterials 
3. To develop up-scalable cost effective processes and equipment in order to implement both 
 enhanced standard solar cells and solar cell based on nanomaterials 
 
 
Description of the work: Nanotechnology will be applied for both already existing conventional Si 
solar cells (wafer and thin-film based) and for advanced solar cells entirely based on nanostructures. 
The main scientific efforts will be on understanding and exploitation of such nanomaterials as:  

i) 0D quantum dots, nanocrystals and nanoparticles,  
ii) 1D nanowires and nanorods 
iii) 2D nanomaterials such as ultrathin layers. 
 

Expected results: 1. Efficiency above 20%  for wafer based and above 15 % for thin film silicon 
based solar cells at a processing cost for modules well below 1 €/watt due to improvement of existing 
cells.  
2. An efficiency of above 10 % at processing costs well below 1 €/watt is targeted with potential of 
further significant improvements in the future for cells entirely made of nanomaterials. 
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3. To create new market opportunities for the industrial partners developing equipment for 
 producing nanomaterial based solar cells. 
 
Further research needs: Contrary to macro-PV the properties of nano-PV devices, particularly 
concerning defects, are not well understood. The same applies to the control of most preparation steps. 
Further research is needed for defect diagnostics and optimization of preparation steps together with 
simulation of the properties in nano-systems. This combination of work will lead to further strong 
progress in nano-PV. 
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Silicon nanodots for solar cell tandem  
(Project NASCEnT, Coord.: Fraunhofer Institut für Solare Energiesysteme 

ISE, Germany) 
 
 
Grant agreement n°: 245977 
Start and end dates: 01/09/2010 to 31/08/2013 
 
Co-ordinator: Fraunhofer Gesellschaft zur Förderung der angewandten Forschung e V, Germany /  
Dr. Stefan Janz: stefan.janz@ise.fraunhofer.de, tel: +49 761 4588 5261 
 
 
Consortium: 
 

Partner Beneficiary Name Country Role 
1 
(Coordinator) 

Fraunhofer-Gesellschaft zur 
Förderung der angewandten 
Forschung e.V.  
(Fraunhofer ISE) 

Germany Development and characterisation of tunnel 
diodes and solar cells 

2  Universität Freiburg 
(IMTEK) 

Germany Material development and material 
characterisation 

3 Consiglio Nazionale delle 
Ricerche Bologna  
(CNR-IMM) 

Italy Material development and material 
characterisation 

4 Università di Modena e 
Reggio Emilia 
(UNIMORE) 

Italy Simulation of Si-quantum dot structures 

5 Universitat de Barcelona    
(MIND-UB) 

Spain Development of simplified devices for the 
characterisation of recombination and 
transport effects 

6 Univerzita Karlova v Praze 
(CUNI) 

Czech Republic Characterisation of electro-optical effects in 
newly developed materials 

7 AZUR Space (AZUR) Germany Development and characterisation of tunnel 
diodes and solar cells 

8 STMicroelectronics (STM) Italy Development and characterisation of tunnel 
diodes and solar cells 

 
Title : NASCEnT – Silicon nanodots for solar cell tandem 
 
Objectives: The overall objective of the project is to develop new nano-materials with new production 
technologies and to fabricate silicon quantum dot materials for all-silicon tandem solar cells to achieve 
increased efficiencies. The understanding of electrical transport and recombination mechanisms in 
these newly developed nano-materials enables us to design novel solar cell structures that help to 
overcome the efficiency limits of conventional solar cell concepts. Another objective is to ensure the 
compatibility of the newly developed technologies with high-throughput processing leading to further 
cost-reduction. Within the scope of this project the novel concept of band gap-tuneable quantum dot 
superlattices is exploited in two approaches. In the first approach, a quantum dot cell will be 
developed for the combination with a wafer-based high efficiency silicon solar cell. This approach 
aims at an ultra-high efficiency silicon tandem. In the second approach, the quantum dot solar cell will 
be realised on thin-film solar cell structures in order to achieve a low-cost tandem cell. This 
revolutionary progress in the solar cell evolution will lead to higher efficiencies for solar cells and to 
ongoing cost-reductions from both a short-term and a long-term perspective. 
 
Description of the work: In order to exploit the potential of band gap engineered silicon nano-
crystals for photovoltaics, the following key issues that are relevant for a silicon NC solar cell are 
addressed in this project: 
Doping and enhanced material quality of silicon superlattices:  
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The combination of experiments (material fabrication and characterisation) with theoretical 
simulation, comparing Si NC superlattices in SiC, SiNx and SiNxOy (Si/SiC, Si/SiNx and Si/SiNxOy) 
provide a deeper understanding of segregation, crystallisation and defect engineering. 
Novel and high-throughput feasible technologies: 
The technologies used to realise Si NCs in dielectric matrices are adapted to enable enhanced process 
throughput. Furthermore, processing is advanced in order to enable solid phase crystallisation on mid-
temperature substrates (for c-Si thin-film applications). 
Recombination in and charge carrier transport through doped and undoped superlattices:  
Charge carrier lifetimes and mobilities are key parameters for an efficient carrier extraction from solar 
cells. Based on detailed investigations of recombination and transport processes material and device 
optimisation can be carried out.  
Realisation of novel all-Si wafer- and c-Si thin-film-based tandem solar cells and cost calculation: 
The monolithic integrated connection of the single cells, tandem solar cell modelling and novel solar 
cell process sequences for all-Si tandem cells have not yet or only in parts been investigated around 
the world. Device parts such as emitters, passivation layers, insulating layers and tunnel diodes for 
tandem cell integration are developed within this project. The consortium created for this project 
merges the scientific and technological competences that are necessary to find answers to this 
numerous questions and to perform representative cost calculations for the different process routes. 
 
Expected results: The project examines in detail open questions regarding nano-crystal doping, 
dielectric host matrices and their interfaces properties, mechanisms of charge carrier recombination 
and transport in Si nano-crystals and the host matrices.  
These topics are of high scientific interest not only for photovoltaics but also for novel photonic and 
charge storage (flash memory) devices incorporating Si nano-crystals. Moreover the computational 
routines developed and the obtained theoretical results will provide a genuine understanding of the 
dependence of the structural, opto-electronic and transport properties of semiconductor systems on 
their low- and nano-dimensionality. The development of device parts such as emitters, passivation 
layers, insulating layers, diffusion barriers and tunnel diodes for the material systems under 
investigation and the optimisation of process technologies implies a considerable profit for related 
technologies such as SiC power devices, charge storage and optoelectronics.  
 
Future research needs: 

• Advanced material understanding including modelling of crystallisation process 
• High-end optoelectronic measurement set ups 
• Device processing and characterisation 
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Architectures, Materials, and One-dimensional 
Nanowires for Photovoltaics - Research and 

Applications  
(Project AMON-RA , Coord.: Faculty of Engineering (LTH), Lund University, 

Sweden) 
 
 

Grant agreement n°: 214814 
Start and end dates: 01/10/2008 – 30/09/2012 
Co-ordinator:  Lund University, Lund, Sweden / Knut Deppert: knut.deppert@ftf.lth.se, Tel: +46 46 
222 9520 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

1 ULUND, Lunds universitet Sweden Coordinator, Fabrication and 
characterization of structures 

2 ISE, Fraunhofer Institute for Solar 
Energy Systems 

Germany Characterization and modeling 

3 ETHZ, Eidgenössische Technische 
Hochschule Zürich 

Switzerland left the project in month 2, the group 
moved to Kassel 

4 SOL, Sol Voltaics AB Sweden Fabrication of structures and processing 
5 JKU, Johannes Kepler University Linz Austria Characterization 
6 DTU, Technical University of Denmark Denmark Characterization 
7 UKAS, University of Kassel Germany Modeling 
 
Title:  AMON-RA - Architectures, Materials, and One-dimensional Nanowires for Photovoltaics - 
Research and Applications (www.amonra.eu) 
 
Objectives: The project AMON-RA (Architectures, Materials, and One-dimensional Nanowires for 
Photovoltaics - Research and Applications) is intended to result in a new type of solar cell, combining 
advanced nano- and hetero-structures with silicon photovoltaic technology. For the first time, by 
applying state-of-the-art photovoltaics design to semiconductor nanowires, assisted with tailor-made 
theoretical modeling and advanced processing, we aim to demonstrate high-efficiency multi-junction 
photovoltaic cells made from previously inaccessible materials combinations, capable of harvesting an 
unprecedented amount of energy from the solar spectrum. The main advantage of this approach is the 
freedom of materials selections, combining multiple compound semiconductor materials with different 
lattice constants without strain relaxation, which will make it possible to produce such cells relatively 
cheaply and on inexpensive silicon substrates. In AMON-RA, we will also prepare a roadmap for 
future industrialization and upscaling of nanowire solar cells. If successfully realized, this technology 
may lead the way to solar energy systems that are much more cost competitive with non-renewable 
electrical generation, thus leading the way to broader adoption of this renewable energy source. 
 
Description of the work: The main idea behind AMON-RA is to make arrays of light-harvesting 
nanowires on silicon substrates. The nanowires will be tandem photovoltaic cells, based on 
heteroepitaxy of III–V semiconductors. Two main architectures will be investigated: The first, called 
“Light Guiding”, will be made from core-shell nanowires with a diameter equal to or greater than λ/n, 
in which the sunlight will be guided through materials with decreasing band gap. The second 
architecture, called “Effective Medium”, will consist of denser arrays of much thinner wires, where 
the light waves will experience an effectively averaged medium as they propagate downwards. Based 
on the relative effectiveness of the two architectures, the project will choose to proceed with 
researching the most promising one of them to determine its potential and limitations. 
 
Expected results: In AMON-RA, we combine the excellence in materials science at Lund University 
(ULUND) and the world-leading experience in photovoltaics at the Fraunhofer Institute for Solar 
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Energy Systems (ISE) with the capacities in processing of nanowire materials and the ambitions in 
fabricating nanowire-based photovoltaic components at the company Sol Voltaics AB (SOL). All this 
is supported by state of the art materials and device characterization and structure modeling. Novel 
ground-breaking photovoltaic materials will be developed by ULUND by the use of nanowires that 
will be supplied to the Technical University of Denmark and the Johannes Kepler University Linz for 
detailed structural characterization, SOL will process the PV structures, to be measured by ISE, 
supported by modeling from ISE and University of Kassel. The ultimate ambition of the partners is to 
create a dramatically different solar cell architecture that exceeds the current price/performance limita-
tions of commercially available cells and to obtain a thorough understanding of fundamental and 
device-relevant physical properties of nanowires applied to photovoltaic applications. 
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Improve Photovoltaic efficiency by applying novel 
effects at the limits of light to matter interaction 

(Project LIMA , Coord.: Universidad Politécnica de Valencia, Spain) 

 
Grant agreement n°: 248909 
Start and end dates: 01/01/2010 to 01/01/2013 
Co-ordinator: Nano-Technology Center, Universidad Politécnica de Valencia, Spain / Guillermo 
Sánchez Plaza: gsanchez@ntc.upv.es, tel:  + 34 963879729 (Ext. 79729) 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

1 UPVLC Uni. Politecnica Valencia Spain Coordinator, Plasmonic fabrication, IBC 
cells. 

2 UNITN Uni. Trento Italy Si-QDot fabrication, characterisation 
3 FBK .Fundazione Bruno Kessler Italy Si-QDot fabrication, characterisation 
4 CSIC Consejo Superior de 

Investigaciones 
Spain Plasmonic modelling 

5 ISC ISC, Konstanz Germany Back contact cells 
6 ISO Isofotón S.A. Spain Industrial feasibility and cost model 
7 UNSW ARC Photovoltaics Centre of 

Excellence 
Australia Si-QDot modelling, integrated 

modelling 
 
Title:  LIMA  - Enhancing solar cell efficiency via plasmon and quantum dot coupling 

 
Objectives: The LIMA project exploits new and emerging concepts of light-matter interaction to 
enhance Interdigitated Back Contact solar cell (IBC) efficiencies. These new concepts focus on the 
modification of optical and electronic properties of materials. 
The project optimises light management and increases light-matter interaction by the use of plasmonic 
nanoparticles at the surface of the solar cell coupled to an underlying silicon quantum dot (SiQD) 
layer. These plasmonic nanoparticles have been found to be an efficient anti-reflection layers. They 
couple light into the underlying semiconductor layers by near field plasmonic effects and by 
scattering. The latter is expected to be the primary mechanism in the LIMA design. The underlying 
SiQD/SiO2 acts, as a downshifting layer to optimize the performance of the IBC cell in the lower 
energy region. Finally, the SiO2/SiQD matrix acts as a passivating layer with regards to the front 
surface of the IBC. Preliminary modelling sets an objective of enhancing a baseline IBC efficiency by 
10% relative. 
 
Description of the work: The integration of Plasmonic and SiQD/SiO2 layer has been investigated, 
based on prior optimisation 
of individually developed Plasmonic and SiQD/SiO2 layers. Photoluminescence, transmission and 
reflectivity measurements have been performed. Their influence in the final solar cell has been 
analyzed by modelling opto-electronic properties. In parallel, a baseline IBC solar cell has been 
developed using screen printing techniques with a view to future integration of plasmonic and 
quantum dot elements. 
 
Expected results: The LIMA project design predicts a 10% relative improvement in efficiency over 
the baseline IBC reference silicon solar cell. 
 
Further research needs: The next stage following the work reported here is improvement in the 
transmission properties of the 
plasmonic and SiQD layers together with theoretical and experimental integration of both layers in the 
IBC solar cell. 
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Intermediate band materials and solar cells for 
photovoltaics with high efficiency and reduced cost 

(Project IBPOWER , Coord.: Instituto de Energía Solar, Universidad 
Politecnica de Madrid, Spain) 

 
 

Grant agreement n°: 211640 
Start and end dates:  01/02/2008 to 15/02/2010 
 
Co-ordinator:  Universidad Politécnica de Madrid, Spain / Antonio Martí: antonio.marti@upm.es  
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

1 
Instituto de Energía Solar, 
Universidad Politécnica de 

Madrid 
Spain Coordinator 

2 The  University of Glasgow United kingdom 
Leader  of development of quantum dot based 
intermediate band solar cells 

3 Helmholtz Zentrum Berlin. Germany 
Leader  of development of thin film based 
intermediate band solar cells 

4 University of Nottingham United Kingdom 
Leader  of development of InGaN  based 
intermediate band solar cells 

5 Riber SA France 
Leader  of development of GaAs based 
intermediate band solar cells 

 
Title : IBPOWER  - Intermediate Band Materials and Solar Cells for  Photovoltaics with high 
Efficiency and Reduced Cost (http://www.ies.upm.es/index.php?id=459)  
 
Objectives: An intermediate band solar cell (IBSC) consists of an “intermediate band material” 
sandwiched between two conventional semiconductors of p and n type. The “intermediate band 
material”, that gives the name to the solar cell, is characterised by the existence of a collection of 
energy levels (the intermediate band, IB) located between the conduction and valence bands (CB and 
VB). This IB divides the semiconductor bandgap into two bandgaps and allows the absorption of 
below bandgap energy photons. IBPOWER aims to the development of intermediate band solar cells 
in four areas: 
 

I. Quantum dots.  
II.  Thin Films 

III.  Indium Gallium Nitrades 
IV.  III-Vs with selected impurities inserted. 

 
Description of the work: including if applicable benefits and barriers of nanotechnologies based 
approach. 

In the case of the quantum dot approach, the intermediate band arises from the confined energy states 
of the electrons in the quantum dots. In the case of the other three approaches the intermediate band 
arises from the insertion of selected impurities in a host semiconductor. The host semiconductors that 
are being studied are: InGaN, CuGaS2 and GaAs and the impurities Mn, Ti, C and Sn. The benefits 
expected from the IBSC approach are that the potential photovoltaic conversion efficiency of  one of 
this single cells, thanks to the below bandgap absorption provided by the quantum dots or the 
impurities, becomes the same than the one of a triple junction solar cell (63 % at maximum light 
concentration). In contrast to the triple junction solar cell, the IBSC instead does not require of tunnel 
junctions. On the other hand, stacks of IBSC are conceivable and in this case, for example, a 2 IBSC 
stack becomes equivalent to an stack of 6 multijunction solar cells. This is the main benefit. However, 
there are barriers for achieving it. In the case of the quantum dot approach, the main barrier comes 
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from the fact that, still, not optimum material system has been identified. The prototypes 
manufactured, mostly based on InAs/GaAs have been more than sufficient to demonstrate 
experimentally the principles of operation of the IBSC concept but InAs/GaAs is not the optimum 
material choice. In the case of the impurity approach the main barrier comes from the fact that the 
“selected” impurities –the ones that can produce optimum electronic properties because, for example, 
they are placed at the optimum position inside the bandgap- have, however a low solubility inside the 
host semiconductor. Non-equilibrium techniques have then to be used in order to incorporate these 
impurities into the semiconductor beyond their solubility limit.  
 
Expected results: industrial applications and potential commercialisation 
We are aiming to a high efficiency solar cell. The cells based on quantum dots, InGaN and GaAs 
would have eventually to be used under concentrated light in order to make them cost effective.  The 
cells investigated under the thin film can be used in flat modules. The techniques used for 
manufacturing the cells are MBE in the quantum dot, InGaN and GaAs case and evaporation in the 
thin film case. This means that they could be implemented and commercialised with currently existing 
technologies. For those requiring the use of concentration, they do not require modifications in the 
concentration system. This means that the concentration technology nowadays been developed mostly 
for the use of triple junction solar cells is compatible with the IBSC technology. In other words, 
eventually, the implementation of an IBSC in concentration systems would only imply replacing one 
type of cell for another. 
 
Further research needs: Molecular beam epitaxy (MBE) equipment, the basic tool for researching on 
these solar cells, is expensive. Groups having one of these machines are devoting them also to other 
non-photovoltaic devices such as lasers or even MOS. It must be remembered in this respect, that from 
the point of view of the physics, a “laser” is the opposite device to a “solar cell”. Aiming to good 
lasers is, in some respects, aiming to a bad solar cell. Therefore, when trying to implement an IBSC (a 
photovoltaic device) in these systems it has to be done in a way that is compatible with these other 
interests. For example, elements that cross-contaminate the other approaches cannot be studied in 
these systems.  This has been sufficient until now as a proof of concept of the IBSC but is insufficient 
to progress further. New materials have to be tested and these require dedicated MBE systems. 
 
Also the light treatment in these devices goes beyond the ray tracing optics. Development of 
electromagnetic and quantum optics integrated with semiconductor physics is necessary to solve some 
problems related to light absorption in these devices (for example poor quantum dot absorption). This 
problem is not exclusive of IBSC but general to many solar cell concepts, even conventional ones. 
 
Improved modelling tools (both at device as at growth level) are necessary that can realistically 
anticipate the results of a given device structure. These would reduce the number of tests that actually 
have to be grown, anticipating the ones that are not to be successful and therefore, reducing the 
development time. 
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Subcluster 3.2: Organic PV cells or DSC 
Chairmen 

Prof. S.R.P. SILVA (Head, Univ. of Surrey /Nano-Electronics Centre, UK) 
Dr. Spiros KASSAVETIS (Head Nano Fabrication Group, AUTh/LTFN, Greece) 

 
ROBUST DSC: Efficient and Robust Dye Sensitized Solar Cells and 
Modules 
Coord: ECN Solar Energy, The Netherlands – Jan KROON 

 
HIFLEX: Highly Flexible Printed ITO-free OPV Module s 
Coord: ECN Solar Energy, The Netherlands – Jan KROON 

 
SANS: Sensitizer Activated Nanostructured Solar Cells 
Coord: Clarendon Laboratory, University of Oxford, UK 
Dr. Polycarpos FALARAS 

 
INNOVASOL: Innovative Materials for Future Generati on Excitonic Solar 
Cells 
Coord: Università degli Studi del Piemonte Orientale Amedeo Avogadro, Italy 
Prof. Leonardo Marchese 

 
EPHOCELL: Smart light collecting system for the efficiency enhancement 
of solar cells 
Coord: Leitat Technological Center, Spain - Laurent AUBOUY  



18 

Efficient and Robust Dye Sensitized Solar Cells 
and Modules 

(Project ROBUST DSC, Coord: ECN Solar Energy, The Netherlands) 
 
 

Grant agreement n°: 212792 
Start and end dates: 01/02/2008 to 01/02/2011 
 
Co-ordinator: ECN Solar Energy / Dr. Jan M. Kroon: j.kroon@ecn.nl, tel: +31 224 564734 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 
ECN Energy research Centre of 

the Netherlands 
The Netherlands Reproducible manufacturing of glass based 

DSC cells and modules , indoor and outdoor 
lifetime testing, Life cycle analysis 

Swerea/IVF Swerea/IVF AB Industrial 
Research and Development 
Corporation 

Sweden 
Manufacturing of monolithic DSC cells and 
modules 

ISE Fraunhofer Institut für 
Solare Energiesysteme  

Germany Reproducible manufacturing of glass based 
DSC cells and modules , design of modules, 
indoor and outdoor lifetime testing, advanced 
characterization 

EPFL Ecole Polytechnique 
Federale de Lausanne 

Switzerland Materials development, fabrication of small 
champion and robust cells, advanced 
characterization 

Imperial Imperial College of Science 
Technology and Medicine  

United Kingdom Photochemical and photophysical 
characterisation of materials and devices, 
employing both steady state and transient 
optical and optoelectronic measurements. 
Interface engineering of organic / inorganic 
interfaces. Modelling. 

ICIQ Institute of Chemical 
Research of Catalonia 

Spain Materials development, photophysical 
characterisation and cell device manufacturing  

3GSolar 3GSolar Israel Reproducible manufacturing of glass based 
DSC cells and modules , indoor and outdoor 
lifetime testing, Life cycle analysis, cost 
assessment 

Corning Corning  France Laser assisted glass frit sealing 
G24i G24i United Kingdom Materials upscaling, lifetime testing, 

standardization issues 
UAM Universidad Autonoma de 

Madrid 
Spain 

Synthesis of photoactive materials 

 
Title : Robust DSC - Efficient and Robust Dye sensitized Solar cells  
 
Objectives: The main aim of the ROBUST DSC project was to develop materials and manufacturing 
procedures for Dye Sensitized Solar Cells (DSC) with long lifetime and increased cell efficiencies (14 
% target) and module efficiencies (7% target) with the intention to accelerate the exploitation of the 
DSC technology in the energy supply market. 
The approach focused on the development of large area, robust, efficient DSC modules using scalable, 
reproducible and commercially viable fabrication procedures. In parallel with this objective, more 
fundamental research, employing new materials and device configurations, was carried out to boost 
the efficiency of lab-scale devices 
 
Description of the work: including if applicable benefits and barriers of nanotechnologies based 
approach. 
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The R&D in this project Robust DSC spanned over a wide range of activities varying from exploration 
of new materials (dyes, electrolytes, metal-oxides), device concepts, advanced characterization and 
modeling towards processing of large area modules, lifetime testing, standardization and analysis of 
commercialization aspects.  
The partnership consisted of: two SMEs (3G Solar and G24i) that are committed to large-scale 
production of DSC, one industry (Corning) that has proven experience on inorganic frits for sealing 
 for a variety of applications, three research institutes (ECN, Swerea IVF, ISE) with expertise in the 
field of long-term testing, up-scaling and module fabrication, and four academic partners, world 
leaders in both new DSC materials and concepts, and in fundamental research on cell function and 
modelling (EPFL, IMPERIAL, ICIQ, UAM).  
 
Final results: industrial applications and potential commercialisation 
The combined efforts of the consortium have led to a number of important achievements in Robust 
DSC that form an essential basis for creating an economically accessible and widely applicable solar 
energy technology.  
• The portfolio of available sensitizing dyes and electrolyte compositions able to achieve > 10 % 

efficiencies for small cells have been extended tremendously, since the start of the project. Over 
13 % efficiencies are obtained for single junction DSC at 0.6 sun illumination conditions for 
selected materials combinations. The Robust DSC project has therefore achieved unprecedented 
efficiency records and set new performance benchmarks, which will be of great benefit to the 
practical implementation and commercial development of this promising new PV technology. 

• Development of a characterisation tool set and a whole cell model for predictive evaluation of 
device performance. The model and tool set have been completed to conditions where it can be 
disseminated to a wider public.   

• It has been proven that hole-closure can be done by glass-frits using laser assisted sealing methods 
with the aim to demonstrate hermetic packaging of the DSC under all possible operating 
conditions 

• Large Area DSC demonstrators of 900 up to 6000 cm2  have been manufactured showing the 
potential of large scale manufacturability of DSC 

• The research institutes responsible for the manufacturing of large area modules have made 
significant progress in the development of the processing technology, device stability and 
performance, resulting in two different device technologies (monolithic serial-connected modules 
and glass-frit sealed sandwich modules) that will be further developed towards commercialisation 
after ROBUST DSC. 

• It has been shown that it is not straightforward to compare the results between different module 
manufacturers since the processing significantly affects the results.  

• It has been shown that there are specific issues involved in defining the degradation of DSC 
devices due to the dynamic (and module-specific) behaviour of the performance. This has lead to 
the formulation of a  pre-normative standard test protocol for DSC taking into account the specific 
properties of the DSC concepts  

• An extensive report has been written including cost of materials, evaluation of large scale 
manufacturability, and life cycle analysis. Additionally, calculations on the Return on Investment 
(ROI) are provided. Detailed life cycle analysis and energy payback calculations were completed 
on the module designs of all Robust DSC partners. As a result, a web tool accessible by all 
partners was created to assist in the analysis. The web-tool will be disseminated for continued use 
for all people working in the DSC field. 

• Outdoor tests have been made and one year operation under Israeli outdoor conditions without any 
degradation of the device performance was achieved 

• Modules from different partners have passed the temperature cycling and damp-heat tests with 
< 10 % degradation of the performance, as defined by IEC 61215, the International Standard for 
crystalline PV devices. 

 
Further research needs: Transparent film with high barrier properties and long stabilities in ageing, 
optical properties and mechanical resistance. Development of high barrier properties based on 
advanced nanotechnologies. 
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Highly Flexible Printed ITO-free OPV Modules  
(Project HIFLEX , Coord: ECN Solar Energy, The Netherlands) 

 
 
Grant agreement n°: 248678 
Start and end dates:  01/01/2010 to 31/12/2012 
 
Co-ordinator: ECN Solar Energy / Dr. Jan M. Kroon: j.kroon@ecn.nl, tel:  +31 224 564734 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

ECN 
Energy research Centre of 
the Netherlands NL 

Coordinator, OPV device (cell and module) 
engineering, electrical modelling, long term 
testing and validation of prototype solar cells 
and modules, LCA studies, standardization 
activities  

ISE 
Fraunhofer Institut fur 
Solare Energiesysteme DE 

development of ITO free Wrap Through OPV 
cells and modules via S2S coating processes, 
characterization  

Holst 
TNO Industrie en 
Techniek/Holst Centre  

NL 

development of low cost, printable, composite 
anodes consisting of printed metal and hole 
conducting layers 

Risø 
DTU 

Risø National Laboratory for 
Sustainable 

DK 

responsible for upscaling and large area R2R 
coating and printing activities for the various 
concepts, OPV integration 

MatRI 
The UK Materials 
Technology Research 
Institute 

UK 

Exploration of routes towards solution 
processable barrier layer technology, LCA, 
standardization, coordinator of dissemination 
and exploitation plans 

Dr. 
Schenk 

Dr. Schenk DE 

Development of in-line and off-line quality and 
process control equipment for OPV (surface 
inspection, optical characterization to determine 
layer thickness and (in)homogeneities).  

AGFA Agfa Gevaert BE 

Dedicated development of functional PET 
substrates and transparent organic electrodes 
based on PEDOT/PSS inks for OPV. 
Development of metal grids by photographic 
methods. Large area coating experiments 

 
Title : HIFLEX  - Highly Flexible Printed ITO-free OPV Modules (www.hiflexopv.eu) 
 
Objectives: HIFLEX aims to develop a cost-effective Highly Flexible Printed ITO-free Organic 
Photovoltaics (OPV) module technology that matches the particular requirements of mobile and 
remote ICT applications, delivering the required efficiency under different light conditions, sufficient 
lifetime, acceptable cost structure, appropriate power-to-weight ratio and fit-to-purpose mechanical 
flexibility.  The project intends to accelerate the exploitation of this OPV technology for a wide 
variety of ICT products in the mobile electronics market. 
 
Description of the work: An application-driven research approach will be followed by developing 
large area, solution processable ITO-free OPV using scalable, reproducible and commercially viable 
printing and coating techniques enabling the low-cost production of highly flexible and lightweight 
OPV products. At the same time it guarantees the technological compatibility with other printed 
electronic ICT components and systems. The high flexibility and low costs will be addressed by the 
solar cell module design we intend to bring into production. 
We anticipate that this project will result in the demonstration of a new scalable, low cost, solution 
processable photovoltaic technology. Materials, device architectures and manufacturing procedures for 
large scale fabrication of OPV modules will be developed. 
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These will result in increased power conversion efficiencies and lifetimes that are sufficiently long for 
the first commercial mobile applications in the low-power market segment (mobile telephones, PDAs, 
laptop computers).  
 
Key technical challenges to be addressed are 

• Use of ITO free OPV concepts  
• Roll to Roll production of OPV  

 
Project achievement after 1 year 
• A novel ITO-free polymer solar cell structure is manufactured in which all layers, including 

electrodes, are solution processed. This new roll-to-roll compatible device yields an efficiency of 
2.5 % (active area <1 cm2) compared to 3 % for an ITO reference device 

• Theoretical calculations were performed to calculate optimal designs for composite anodes  and 
wrap through devices. The calculations show that the freedom of design for ITO free modules is 
much larger than for ITO based systems  in terms of efficiency potential for large area modules  

• Evaluation of  LBIC and optical inspection systems reveal large potential for detection of spatial 
inhomogeneities and defects in organic layers produced by S2S and R2R processing 

• Flexible ITO-free solar cells were encapsulated with Holst Centre’s barrier technology developed 
for flexible OLEDs and lifetime testing was performed during 1000h @ 45°C and 1 sun. The 
limited efficiency loss (less than 10%) was comparable to the hermetic sealed OPV cells made on 
glass and sealed with a glued metal lid. 

• Large-area modules with PET/ITO/ZnO/P3HT: PCBM/PEDOT: PSS/Ag (ITO-based) were 
successfully produced in a full R2R process. Modules with area as high as 360cm2 gave a 
maximum efficiency of 1.69%. 

• Large area ITO-free modules were produced under two concepts;1) striped module that comprised 
of 16-serially interconnected cells 2) large Area monolithic single cells. For monolithic cells, four 
different designs of the silver-electrode pattern--honey comb, grid, comb, large honey comb--were 
studied. A maximum of 0.5% efficiency on a total area of 235cm2 was achieved on the striped 
module while the best monolithic device gave a maximum performance of 0.36% with a ‘grid’ 
patterned silver electrode. 

• Production of first draft of LCA report establishing  a strong base position to enable the 
development of a comprehensive and timely OPV study.   

• Dissemination activities: A number of events were attended and scientific publications produced 
(>5) in the first period, while strong networks with industry and scientific community have been 
established. 

 
Expected results: industrial applications and potential commercialisation 
We anticipate that this project will result in the demonstration of a new scalable, low cost, solution 
processable photovoltaic technology. Materials, device architectures and manufacturing procedures for 
large scale fabrication of OPV modules will be developed. 
These will result in increased power conversion efficiencies and lifetimes that are sufficiently long for 
the first commercial mobile applications in the low-power market segment (mobile telephones, PDAs, 
laptop computers).  
It will therefore form the basis of a potentially substantial business opportunity aiming at developing a 
new solar cell product with cost and payback characteristics which are more advantageous than 
existing technologies. 
 
Further research needs:  

• Materials development 

• Low cost barrier technology development 
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Sensitizer Activated Nanostructured Solar Cells 
(Project SANS, Coord: Clarendon Laboratory, University of Oxford, UK) 

 
 
Grant agreement n°: 246124 
Start and end dates: 01/10 2010 to 31/09/ 2013 
 
Co-ordinator: The Chancellor Masters and Scholars of the University of Oxford,UK / Henry J. Snaith: 
h.snaith1@physics.ox.ac.uk, tel: +44(0)1865272380) 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 
1 (Co.) OXFORD (The Chancellor 

Masters and Scholars of the  
University of Oxford) 

UK Metal oxide architectures (WP2), solid-state 
DSC optimisation (WP3), Device physics, 
photophysics, (WP4) solid-state DSC stability 
(WP5). 

2 EPFL (Ecole Polytechnique 
Fédérale de Lausanne) 

Switzerland Quantum dots, Er doped nanoparticles, 
Amphiphilic sensitizers (WP1) Device 
optimisation (WP3) Femtosecond kinetics; 
Ionic transport; (WP4) DSC stability (WP5) 

3 NCSRD (National Center 
for Scientific Research 
"Demokritos") 

Greece  Solidified electrolytes (WP3); micro-Raman 
analysis(WP4), cell ageing (WP5) 

4 UCAM  (The Chancellor 
Masters and Scholars of the 
University of Cambridge) 

UK Mesostructured Metal Oxide synthesis using 
diblock copolymer templates,TiO2, SnO and 
WO3 (WP2) 

5 HIPC  (J Heyrovsky Institute 
of Physical Chemistry)  

Czech Republic Mesoscopic TiO2 structures; nanorods; 
Supramolecular templating (WP2) 

6 ISTM-CNR (Institute of 
Molecular Sciences and 
Technology of the Italian 
National Research Council)  

Italy Ru complex and Zn-Porphyrin synthesis (WP1); 
ultrafast spectroscopy and kinetics; quantum 
mechanical calculations (WP4) 

7 UU (Uppsala University) Sweeden Electronic and optical spectroscopy, 
characterisation of charge transport. (WP4) 

8 IIT (Technion-Israel 
Institute of Technology) 

Israel NIR nanoparticle synthesis and modification 
(WP1) 

9 Dyesol UK Limited UK Electrode electronic doping; materials 
optimisation; (WP2) electrolytes; device design 
and manufacture (WP3): device investigation 
(WP4): stability (WP5). 

10 GSA (Greatcell Solar S.A.) 
(Switzerland) 

Switzerland Sensitizer production (WP1);  cell manufacture 
and test (WP3), Cell evaluation (WP4) up-
scaling, semiconductor optimization, cell 
stability (WP5). 

11 ELMARCO (Elmarco Ltd)  Czech Republic Synthesis and optimisation of electro-spun 
nano-fibrous TiO2 and SnO2 (WP2). 

 
Title : SANS- Sensitizer Activated Nanostructured Solar Cells 
 
Objectives: 

• Realise a new generation of light harvesting antenna for sensitized solar cells, 
including supramolecular assemblies and quantum dot absorbers. 

• Create advanced nano to meso stuctured metal oxide electrodes for superior charge collection 
and generation in the sensitized solar cells. 

• Develop more conductive quasi-solid-state electrolytes and better performance from 
molecular hole-transpoters in dye-sensitized solar cells 

• Greatly advance our understanding of the fundamental processes occurring in the developed 
solar cells. 
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• Realise outdoor stability targets for 20 years operation, with materials and systems that are 
industrially scaleable. 

• Create a demonstrator module form the new technology. 
• Generate significant scientific out put and intellectual property. 
• Attain a commercially viable technology. 
• Train researchers in the exciting field of nanotechnology based solar cells. 

 
Description of the work: The SANS project addresses all the major components in the dye (or 
quantum dot) sensitized solar cell, with the intention of enabling a multiplier effect in enhancement of 
overall efficiency and lifetime. The project focuses on materials design, development, processing and 
photovoltaic characterisation in a holistic format utilising specific expertise of particular partners 
integrated into a whole by the device lead laboratories, in conjunction with the industrial partners. The 
work is split into 6 work packages, drawing on nanoscale organization, adaptive molecular chemistry 
and multifunctional surfaces integrated to construct functional, low-cost nanostructures for solar 
energy conversion. The first three work packages (WPs) focus on materials development and device 
integration, with the 4th WP focusing on understanding the basic operation of the systems, the 5th on 
materials processing scale-up and device stability, and the 6th to create a demonstrator module. The 
underpinning device is based on nano to meso scale organisation of a three component solar cell (n-
type- absorber and p-type) and hence advances in bottom-up approaches to nanotechnology are central 
to the developments within this project.  
 
Expected results: The main goal of the SANS project is to reach a commercially viable solar 
technology based on nanostructured metal oxides (n-type), dye or quantum dot light harvesting 
components (absorbers) and quasi-solid-state electrolytes or molecular hole-transporters (p-type). We 
expect to make significant advances with all three technological area of development and all 
significant steps will be patented by the individual partners. The commercialisation of the technology 
developed within the project is lead by Dyesol, a company with extensive track record with dye-
sensitized solar cell technology. Beyond strengthening the commercial developments of our industrial 
partners, we envisage new spin-out opportunities from developments beyond the core dye-sensitized 
solar cell technology. Furthermore, the interdisciplinary approach, which includes aspects of 
chemistry, physics, material science and engineering, is likely to have impact into broader 
technological areas of molecular electronics, oxide electronics and catalysis.  
 
Further research needs: The principle of operation for mesostructured solar cells has long been 
demonstrated. Indeed, there are now some commercial products using dye-sensitized solar cells, 
targeting nice markets such as battery chargers for consumer electronics. However, to compete with 
domestic power generation, improvements of both solar power conversion efficiency and stability are 
required. The technological advances to be undertaken in SANS are that required to bring sensitized 
mesostructured solar technology into the main stream. Beyond the first stages of commercialisation 
there is however still massive potential for further improvements in efficiency, durability and the 
incorporation of “further generation” concepts, such as up-conversion, down-conversion and multiple 
junction approaches to lead to potential efficiencies above 45%. This sets the scene for future research 
rich with exciting and diverse avenues of endeavour.  
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Innovative Materials for Future Generation 
Excitonic Solar Cells 

(Project INNOVASOL , Coord: Institute of Photonic Technology IPHT, 
Germany) 

 
 

Grant agreement n°: 227057 
Start and end dates: 01/04/2009 to 31/03/2012 
 
Co-ordinator: Università degli Studi del Piemonte Orientale, “A. Avogadro”, Italy / Prof. Leonardo 
Marchese: leonardo.marchese@mfn.unipmn.it, tel: +39 0131 360262 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

1 
Centro Interdisciplinare Nano-
SiSTeMI   
Università del Piemonte Orientale 

Italy 
Coordinator,  
Modeling, Preparation of nanostructured solid 
electrolytes 

2 

Laboratory for Photonics and 
Interfaces  
Ecole Polytechnique Federale de 
Lausanne 

Switzerland Integration of XSC devices 

3 Technische Universität Dresden Germany Production of semiconductor quantum dots  

4 
Nanoscience Centre University of 
Cambridge 

United 
Kingdom 

Production of nanostructured n-type conductors 

5 

Centre of Excellence 
 Nanostructured Interfaces and 
Surfaces 
Università di Torino 

Italy Preparation of molecular relays 

6 
Instituto de Química,  
Universidade Estadual de 
Campinas 

Brazil Development of nanostructured solid electrolytes 

7 Centro di Ricerche Fiat Italy Deposition techniques, devices for automotive 
8 Solaronix SA Switzerland XSC devices for portable electronics 
 
Title: INNOVASOL  - Innovative Materials for Future Generation Excitonic Solar Cells  
 
Objectives: INNOVASOL objective is to develop radically new nanostructured core materials [i) 
Quantum dot (QD) light absorbers; ii) Molecular relays (MRs); iii) Composites QD/MRs ; iii) Hole 
transport materials; iv) Mesoscopic electron transport materials] for photovoltaic (PV) excitonic solar 
cells (XSCs) really competitive with traditional energy sources. The target is to leapfrog current 
limitations of third-generation PV devices through a drastic improvement of the materials used for 
assembling XSCs. A striking improvement is expected from multi exciton generation (MEG) effects, 
overcoming the Shockley-Queisser efficiency limit of 31% for the PV conversion. Novel TCO 
architectures will be developed for efficient interface energy transfer and electron diffusion. Six 
academic institutions, coordinated by the University of Eastern Piedmont (Italy), guarantee an 
interdisciplinary research, based on top level theoretical and experimental approaches.  
 
Description of the work: The first 18 months of the project has been devoted to the following main 
activities:  

a) benchmarking analysis to evaluate the effect of commercially available organic dyes, titanium 
dioxide, conductive SnO2:F (FTO) coated glasses and electrolytes on the efficiency of 
laboratory "spot-cells" (being typically between 0.16 and 0.64 cm2 in size); 

b) analysis of literature data and their comparison with preliminary results of INNOVASOL 
project, in order to select the most promising candidates for the core materials of the new XSC 
devices; The screening has involved four classes of XSC materials:  
i) Quantum dot light absorbers; 
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ii)  Molecular relays;  
iii)  Hole transport materials; 
iv) Mesoscopic electron transport materials.  

c) development of innovative preparation routes allowing the optimization of new core materials 
needed to increase the actual performances of XSC devices. The physico-chemical properties 
of these solids were studied by using a multidisciplinary experimental approach, augmented 
by computational studies. In this frame, novel computation procedures to define the properties 
of solids for XSC devices have been developed; 

d) integration of novel nanostructured materials in XSC devices to assess the impact of core 
materials developed in the frame of Innovasol project; 

e) prototypes specifications: design and validation protocol for product development 
applications; 

f) website development. 
 
The results of the activities performed permitted the delivery of eleven reports, according to the 
deliverable list for the period, as well as the release of the project website (www.innovasol.eu), an 
important tool for the communication to the public of the project achievements, as well as the 
communication among the partners on an intranet platform. 
 

Expected results: Fiat Research Center and Solaronix, a SME leader in the XSCs production, will 
provide proof-of-concept prototypes to validate the innovative materials developed by the academic 
partners. A record of 14% efficiency if compared with actual DSC devices, which reach around 11%, 
is expected. Materials and technological solutions of INNOVASOL are original and will pave the way 
for future generation XSCs alternative to devices so far developed both inside and outside Europe. 
The first short-term XSC applications are realistic in the field of electronic consumer goods, for 
example as a photovoltaic power supply to charge the battery of mobile phone. The solar cell might be 
directly integrated into the device, or it may come as a standalone external power source to be 
plugged-in. Currently available products are mostly too bulky, too thick and probably aesthetically 
unpleasant. XSC's are perfectly suited for these first applications, as there is a choice of colors, 
designs, substrate types, combined with excellent performances in indoor and low-light ambients. 
The integration of XSCs in the automotive can target two different applications: 
· Interiors (medium term applications): solar cells are placed inside the vehicle on the surfaces that are 
more exposed to solar radiation. The cells will supply some low consumption devices and can 
positively impact on the aesthetic of interiors; 
· Exteriors (long term applications): solar cells are placed on vehicle roof. They are exposed directly to 
sun radiation and to atmospheric events and factors; the available surface is large and potentially cells 
can supply medium/high consumption devices. 
 
Further research needs: The technical activities conducted during the first 18 months will be the 
basis of the achievement of the main projects objectives: the substitution of the liquid electrolytes, 
currently used in dyes sensitized solar cells, with solid-state (or quasi-solid) hole conductors; the 
replacement of the organic dyes with semiconductor quantum dots (QDs) with tuned band gap, 
designed to enhance the photon capture efficiency, as light absorbers. QDs should have 
specific/efficient molecular relays on their surface to be linked to the TCO electrode. A deep 
fundamental research (i.e. development of innovative preparation routes) is needed for a drastic 
improvement of the PV efficiency. The physico-chemical properties of these solids need to be studied 
by using a multidisciplinary experimental approach, augmented by computational studies. In this 
frame, novel computation procedures need to be defined for designing new materials with improved 
properties and for assisting in understanding physical interfacial phenomena of composite 
QD/MR/TCO systems. The development of integration procedures of novel nanostructured materials 
in XSC devices is also needed to assess the impact of core materials developed. 
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Smart light collecting system for the efficiency 
enhancement of solar cells 

(Project EPHOCELL , Coord: Leitat Technological Center, Spain) 
 
 

Grant agreement n°: 227127 
Start and end dates:  20/02/2009 to   20/01/2013 
 
Coordinator:  LEITAT Technological Center, Acondicionamiento Tarrasense, Spain / Dr. Laurent 
Aubouy: laubouy@leitat.org , tel : +34 93 788 23 00. 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

1 Leitat Technological Center Spain 

Project coordination, Down-shifting molecular 
design, Optical analysis polymer formulation, 
Compounding by extrusion, Ageing of polymer 
formulation, Stability characterization polymer 
lenses, Fabrication of functional devices under 
controlled atmosphere 

2 Cidete Ingenieros Spain 

Thermal management in the final prototypes  
Reliability tests of final prototypes 
Solar simulation radiation analysis 
Optical concentration 

3 
Institute of Chemistry and 
Technology of Polymers 

Italy 

Examination barrier properties of films 
Thermal, morphological, structural and mechanical 
analyses of the polymer-based system with 
dispersed emitter molecules 
Development up-conversion gels 

4 Dublin Institute of Technology  Ireland 

Quantum yield evaluation of down-shifting 
materials, Ray trace modelling 
Spectroscopic and electrical characterization 
Exploitation activities manager 

5 
Max Planck Institute for 
Polymer Research 

Germany 

Chemical tuning of Emitter / Sensitizer molecules 
Design and synthesis supramolecular systems 
Optical / chemical characterization UC systems 
Synthesis of materials ready for polymerization 
Design and optimization of device parameters 

6 MP Bata  Spain 
Outdoor electrical characterization 
Monitoring of energy production 
Prototypes design and optimization 

7 
Micro and nanotechnology 
group of Polytechnic University 
of Catalonia 

Spain 

Design, fabrication and characterization of organic 
/ inorganic PV devices 
Proof of concept of Ephocell technology in 
functional devices 

8 Daren Laboratories Israel 

Design and synthesis of monomer derivatives 
Formulation of polymers 
Copolymerization of photoactive molecules 
Blending / grafting active molecules with polymers 

9 
Optics and Spectroscopy 
Department of the Physics 
Faculty at the Sofia University 

Bulgaria 

Models for description of the UC and DC 
Experimental determination of the rate constants 
Spectroscopy for determination of triplet-triplet 
absorption bands in hydrocarbons 
QY evaluation of up-conversion systems 

 
Title:  EPHOCELL  - “Efficient Photovoltaic Cells” (Smart light collecting system for the efficiency 
enhancement of solar cells) (http://www.leitat.org/ephocell)  
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Objectives:  The EPHOCELL project aims to enhance the PV conversion efficiency through a process 
of external modulation,by means of energy transfers supported by adaptable molecular systems. Two 
simultaneous mechanisms are envisaged for both wavelength modulations of high and low energy 
non-used photons: down-shifting and up-conversion. Some suitable technologies for coupling are a-
silicon, GaInP, organics and DSSCs. 
 
Description of the work: The project is initially devoted to the independent study of the up-
conversion (UC) and down-shifting  (DS) processes based on organic and organometallics molecules. 
An experimental work on molecular design, organic synthesis and of chemical and optical 
characterizations is carried out, in order to develop the compounds necessary for obtaining both DS 
and UC phenomena with respective quantum yields of 85% and 12%. The separation of the studies 
allows to optimize consequently the two phenomena, describe models that widen the scientific 
knowledge about mechanisms of both UC and large DS processes. Both the UC and DS quantum 
yields are measured in solution and in solid state by means of the introduction of the molecular 
systems in a polymeric matrix in glove box. The two conversion processes are joined in a same system 
that uses an unique emitter able to both receive the energy from high and low wavelength photons of 
the solar spectra. The work consists of the development of the EPHOCELL molecular system by 
means of molecular engineering and formulation works. The characterization of both phenomena in a 
same mixture will be achieved in solution and in the solid state and the optimization of the molecular 
systems will be effectuated avoiding the overlapping between the absorption of the several sensitizers 
and antennas and the photoluminescence of the emitter. A polymer-engineering step is carried out, in 
order to develop a transparent polymer matrix adequate to the development by means of the addition 
of dioxygen scavengers and UV stabilizers. These new generation of polymeric matrix will be fully 
characterised in order to verify its ability for including the molecular system. 
The inclusion of the active molecules in the polymer matrix previously developed is effectuated. An 
experimental work for optimizing the mixture in terms of dispersion, concentration and efficiency is 
carried out for obtaining a new generation of luminescent solar concentrators. The stabilization of the 
active molecules in the matrix will be investigated and improved by means of three main strategies: 
functionalization of organic molecules, use of coupling agents, copolymerization of the active 
compounds within the matrix. The new active polymer is fully characterized by means of the classical 
polymer analysis, and the quantum yield of the energy conversion is evaluated. The polymeric matrix 
and dispersion techniques are optimized.  
Later, the luminescent solar concentrator is developed and optimized. The first step consists in the 
optical design of the lenses working essentially on the thickness of the active layer, the waveguide 
properties for orienting the emitted photons. Both the optical and stability (aging) properties are 
evaluated and analysed for improving the luminescent solar concentrators in terms of efficiency and 
life-time. The efficiency of the new lenses developed is characterized in artificial and real conditions 
directly onto organic, GaInP, amorphous silicon and Dye Sensitized photovoltaic devices. The 
enhancement of power generation is fully characterized and the positioning of the lenses and the 
architecture of the EPHOCELL technology is optimized (waveguide, distances). The stability of the 
whole system solar concentrator and solar cells is measured thanks to the adequate norms. Finally, 
four demonstrators of the EPHOCELL with the four kinds of solar cells will be developed.  
 
Expected results: As scientific and technological results, the EPHOCELL project mainly aims a 
notably efficiency enhancement of “state-of-the-art” PV technologies. The new methods and materials 
developed for the up-conversion and down-shifting (an emissive system capable of transforming solar 
UV and IR photons into visible photons) is expected to substantially increase the efficiency of the PV 
cells. The proposed solution goes well beyond the state-of-the-art with notable innovations in 
materials and sustainable energy as well as an industrial solution of a medium/long term nature. Future 
industrial application will be certainly envisaged for the PV industry but also in other fields related 
such as optoelectronic devices, photoelectrochemical hydrogen production or photochemical cancer 
treatment.  
 
Further research needs: The EPHOCELL project does not contemplate the optimization of PV 
devices and aims a technology to be potentially coupled to “state-of-the-art” PV technologies. Further 
research will be needed to optimize novel and emerging PV technologies such as o-PV or DSSC, 
which are currently under development in already on-going RTD projects. After reaching proof of 
principles coupling DS-UC-PV devices, UC systems with higher transparency window and using 
molecules with non-precious metals should be sought. In addition, further development in other 
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transversal fields will be needed. For instance, efficient and low-cost beam splitting or optical systems 
with moderate sunlight concentration, nanoencapsulation of oxygen-sensitive molecules as well as 
nanoengineering of photoactive materials directly grown onto UC nanodevices.  



29 

 

 

 

Subcluster 3.3: Innovative nanostructures 
 

 
SOLAMON: Plasmon Generating Nanocomposite Materials (PGNM) for 
3rd Generation Thin Film Solar Cells 
Coord: CEA-INES, France – Etienne QUESNEL 

 
PRIMA: Plasmon Resonance for IMproving the Absorption of solar cells 
Coord: Interuniversitair Micro-Electronica Centrum, IMEC, Belgium  
Soeren STEUDEL 
 
NanoSpec: Nanomaterials for harvesting sub-band-gap photons via 
upconversion to increase solar cell efficiencies 
Coord: Fraunhofer Institut für Solare Energiesysteme ISE, Germany 
Barbara HERTER  
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Plasmon Generating Nanocomposite Materials 
(PGNM) for 3rd Generation Thin Film Solar Cells 

(Project SOLAMON , Coord : CEA-INES, France) 
 
 

Grant agreement n°: 226820 
Start and end dates:  02/01/2009 to   01/31/2011 
 
Co-ordinator:  CEA, France /  Etienne QUESNEL:  etienne.quesnel@cea.fr, tel : 33(0)4 38 78 33 22. 
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

CEA 
Commissariat à l’Energie 
Atomique et aux Energies 
Alternatives 

France 

Project coordination. 
Optical modelling. 
Nanotechnology study and characterization. 
Organic solar cell development. 

TUD 
Technische Universiteit  
Delft 

The Netherlands 
a-Si:H solar cell development. 
Optical and electrical characterization of cells 

Mantis Mantis Deposition Ltd. United Kingdom Nanotechnology provider 

UL University of Ljubljana Slovenia 
Numerical modelling and simulation of cells 
(optical and electrical). 
DSSC cell development. 

SOLAR SOLARONIX SA Switzerland DSSC cell provider. 

UNSW 
University of New South 
Wales, Sydney 

Australia Expert on plasmonic systems. 

 
Title : SOLAMON  – mission and vision (http://www.solamon.eu)  
 
Objectives: The objective of SOLAMON is to develop high potential nano-composite materials 
(matrix + metal nano-particles) that will generate a plasmon resonance effect which will pave the way 
to the generation III solar cells (high efficiency & low cost). The aim is to enhance the External 
Quantum Efficiency resulting in an increase in the short circuit current density of three types of thin 
film solar cells: a-Si:H, organic and dye-sensitized solar cells. 
 
Description of the work: To achieve such an ambitious goal, SOLAMON tackles a range of 
challenges remaining to be completed for the optimization of the Plasmon resonance effect in thin film 
solar cells. It includes the development of dedicated numerical models able to determine the 
characteristics of optimized nano-particles, identify their best localization in the solar cell and predict 
the optical and electrical responses of solar cells. It also deals with the development of advanced 
nanotechnologies to fully tailor the nano-particles (nature, size, shape and surface density) embedded 
in a matrix chosen to generate a plasmon resonance effect that can enhance solar absorption in a 
specific wavelength range. 
The approach developed in the SOLAMON project, by strongly coupling theory (optical and electrical 
modelling) and experiments (finely controlled nano-particles deposition and characterization) will 
improve the basic understanding of localized surface plasmon resonance effect versus the 
characteristics of the nano-particles that can be experimentally investigated (nature, size distribution, 
shape, surface density and surrounding medium). The SOLAMON project’s approach will allow the 
development of reliable advanced models through a systematic confrontation between theoretical and 
experimental properties of the plasmonic structures investigated. 
 
Expected results: As scientific results, the SOLAMON project aims at theoretical and experimental 
assessment of various solar cells configurations utilizing Plasmon Generating Nanocomposite 
Materials in 3 real solar cell technologies. Beyond Photovoltaics, the results of the SOLAMON project 
should be also exploitable for other applications such as biological or chemical sensing, highly 
efficient organic and inorganic LEDs,… 
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Further research needs: For schedule and budgetary reasons, the present project is not investigating 
core-shell nano-particles, although such systems could be very useful to solve charge carriers 
recombination issues that can limit the interest of plasmon resonance effect in solar cells. Future 
technological and theoretical investigations in that field could be very interesting to open the field of 
plasmonic applications to new device concepts such as plasmon resonance assisted up-conversion or 
plasmon resonance enhanced radial p-n junction (nano-wire solar cells). 
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Plasmon Resonance for IMproving the 
Absorption of solar cells 

(Project PRIMA , Coord : Interuniversitair Micro-Electronica Centrum, 
IMEC, Belgium) 

 
 

Grant agreement n°: 248154 
Start and end dates: 01/01/2010 to 31/12/2012 
Co-ordinator: I mec, Belgium / Barry Rand: barry.rand@imec.be  
 
 
Consortium: 
 

Partner Beneficiary Name Country Role 

1 imec Belgium 
Coordinator, fabrication and characterization of 
plasmonic nanostructures and their integration in 
silicon and organic solar cells. 

2 Imperial College 
United 

Kingdom 

Modeling and characterization of plasmonic 
nanostructures and their application for III-V quantum 
well solar cells. 

3 
Chalmers 

University of Technology 
Sweden 

Design, fabrication and characterisation of novel 
plasmonic nanostructures and their integration in 
DSSC solar cells. 

4 
Australian National 

University 
Australia Integration of metal nanoparticles in silicon solar cells. 

5 Photovoltech Belgium 
Integration of metal nanostructures in an industrial 
process flow and assessment of the resultant plasmonic 
enhancement. 

6 Quantasol 
United 

Kingdom 
Provision of cells for the III-V cell work and 
assessment of the performance enhancement. 

 
Title: PRIMA - Plasmon Resonance for IMproving the Absorption of solar cells 
 
Objectives: Discriminating the mechanisms responsible for plasmonic absorption enhancement and 
applying the appropriate mechanism to thin film solar cell technologies and conventional Si solar 
cells. 
-  Cell-scale fabrication of plasmonic nanostructures, compatible with solar cell processing 
-  Integration of plasmonic nanostructures into different types of solar cells and benchmarking the 

measured efficiency enhancement 
-  An overall cost reduction in €/W 
 
Description of Work: The demand for affordable renewable energy is increasing steadily. Electricity 
generation by photovoltaic cells is one of the main players in this field, but is hampered by its 
relatively high cost compared with other sources of energy. Within this project we investigate 
promising nanotechnology - based strategies to enhance the performance and/or reduce the cost of 
different solar cell technologies. Specifically we examine the use of metal nanostructures to enhance 
the optical absorption of light into different types of solar cells, including crystalline Si, high 
performance III-V, organic and dye-sensitisedsensitised solar cells. The enhanced absorption can 
ultimately lead to thinner and therefore less expensive solar cells due to the use of less semiconducting 
material. One of the remaining issues in this field, that of better physical insight in the possible 
plasmonic enhancement mechanisms, will be studied in detail using calculations and experiments on 
structures with different degrees of complexity. In parallel, we investigate the manufacturability of 
these nanostructures and the ease of integrating them into existing process flows for solar cells. This 
will allow us to examine industrially relevant structures, integrate them into solar cells and test their 
performance. The performance will be benchmarked and assessed by solar cell companies that are 
participating in the project.  
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Expected Results: European science traditionally is a leader in both the fields of photovoltaics and 
nanoplasmonics and this project helps to maintain Europe's strong position. Moreover it provides the 
participating industrial partners with a competitive advantage, which should create employment and 
sustainable economic growth in Europe, while simultaneously contributing to a reduction of the 
emission of greenhouse gases. It is expected that the industrial partners in Prima can incorporate 
plasmonic features within their technologies and reduce the cost of their solar cells, and that research 
and academic partners can leverage the knowledge gained to license Prima’s IP to additional solar 
firms for their products as well. 
 
Future Research Needs: Obviously, Prima applies plasmonic strategies for enhancing absorption 
within solar cells. But, there are many other optical absorption enhancement strategies, and many 
other solar cell technologies that are not considered within Prima. We of course stay abreast of these 
general trends in order to benchmark our results, but if there are parties interested in applying other 
photonic strategies to our solar cells, or other parties interested in having plasmonic strategies applied 
to their solar cells, these opportunities are of course open. 
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Nanomaterials for harvesting sub-band-gap 
photons via upconversion to increase 

solar cell efficiencies 
(Project NanoSpec, Coord : Fraunhofer Institut für Solare Energiesysteme 

ISE, Germany) 
 

 
Grant agreement n°: 246200 
Start and end dates: 01/06/2010 to 31/05/2013 
Co-ordinator : Fraunhofer ISE, Germany, Jan Christoph Goldschmidt, Heidenhofstr: 
jan.christoph.goldschmidt@ise.frauhofer.de  
 
 
Consortium: 
 
Partner Beneficiary Name Country Role 

1 Fraunhofer ISE Germany 
Coordination, solar cells, photonic structures, 
simulation, assembly of systems, characterization 

2 Universität Bern Switzerland 
Production of upconverting material, 
characterization 

3 
Technion - Israel 
Institute of Technology 

Israel 
Production of luminescent nanocrystalline 
quantum dots, characterization 

4 Herito-Watt Univeristy 
United 
Kindgdom 

Embedding luminescent materials, 
characterization, simulation 

5 Forschungszentrum Juelich Germany 
Simulation, theoretical analysis, thin-film solar 
cells 

6 Universiteit Utrecht Netherlands 
Production of upconverting material and of 
luminescent nanocrystalline quantum dots, 
characterization 

7 
Philips Electronics Nederland 
B.V. 

Netherlands 
Embedding luminescent materials, photonic 
structures 

 
Title: NANOPSEC - Nanomaterials for harvesting sub-band-gap photons via upconversion to 
increase solar cell efficiencies 
 
Objectives: The overall objective is to realize an advanced upconverter system. This system 
comprises 
silicon solar cells, an upconverting material, luminescent nanocrystalline quantum dots (NQD) 
embedded in a fluorescent concentrator and photonic structures. The NQD extend the spectral range 
that is upconverted, the photonic structures help to direct the light onto the components, where it can 
be best utilized. The fluorescent concentrator configuration helps to concentrate the light onto the 
upconverter, and thereby to increase upconversion efficiency by exploiting the non-linear 
characteristic of upconversion. 
 
Description of the work: 
The work will comprise 
• The theoretical modeling and simulation of the important dynamics and processes. 
• Development of highly efficient, near-infrared emitting (NQD). 
• Development of highly efficient upconversion phosphors. 
• Development of energy selective, high reflection, high transmission photonic structures. 
• Implementation of upconverters and nanocrystals in new matrix materials. 
• Development of adapted crystalline and thin-film silicon solar cells. 
• Integration of all components into one system and testing this system outdoors: 
 
Expected results: The final system should shows significantly higher efficiency than a silicon solar 
cell alone in the three years of the project, which results into the potential for cost reduction. 
 
Further research needs: As the project has started just recently, we cannot foresee any further 
research need extending the scope of the project. 
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Round table session summary 
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Cluster 3 Workshop  
 
 
Round table session: 
 
Nanotechnology for PV: research needs and recommendations 
 
“Nanotechnology” is a wide area. The first step in order to identify the research need goes through a 
more clear identification of the topics in which nanomaterials can contribute to improve photovoltaics. 
Along this Cluster 3 Workshop we have identified some of these topics, together with their research 
needs and challenges: 
 

i) Light management. This field includes nanoparticles and up and down converters. 
Nanoparticles can be used to increase the light absorption in less material volume. This not 
only contributes to reduce the cost of the photovoltaic active material but to reduce the bulk 
recombination of the cell and therefore increase the efficiency. In this area we need to develop 
new deposition techniques with improved control of size, shape and uniformity as well as to 
expand the range of materials used. Nanoparticles can be applied, in principle, together with 
almost any other photovoltaic material.  How the nanoparticles impact the electrical properties 
of the material, such as surface recombination, needs also to be studied. 

ii)  Quantum dots. Quantum dots can be applied in a huge area of photovoltaics: intermediate 
band solar cells, multiple exciton generation solar cells, all tandem silicon cells and dye 
sensitised solar cells. Our research  in this area needs to expand the quantum dot systems that 
have been experimentally studied to those that are less known or that have been only 
theoretically proposed. Groups willing to risk the growth of these new materials are required 
and probably should be supported for the investment in the new equipment that is needed. 

iii)  Nanowires.  Nanowires pursue simultaneously light trapping improvement and a different 
electrical cell architecture in which the distance carriers have to travel to reach the contacts is 
reduced. The achievement of better control of the growth of these nanowires is required in this 
field. 

 
In addition, all the areas above have the common need of the development of modelling tools whose 
results can be compared against the experiments so they reach in the near future a confidence level 
that allow faster designs and reduce the number of experiments required. It is also necessary that the 
scalability of these topics is studied in parallel with its development so that, if successful, the can go 
beyond a scientific curiosity and become industrialised. If we take into account up-scaling and 
processability, the reliability and stability of the process must be well control as well as the synthesis 
of the nanomaterials in order to produce with a well control approach their structure and chemical 
properties. Defect diagnostics, better understanding of interfaces phenomena need to be studied. The 
need to have metrology and instrumentation has been highlighted during the discussion. The 
breakthrough will be also achieved in the future if we open some new doors to study completely new 
materials for the PV applications. 
 
 


