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1. Programme Title and Abbreviation.
New generation of organic based photovoltaic devices (ORGANISOLAR)

2. Principal Proposers.
Prof. Dr. N. S. Sariciftci (Johannes Kepler University of Linz, Austria)

Prof. Dr. M. Graetzel (Ecole Polytechnique Fédérale de Lausanne EPFL, Switzerland)

Dr. Laurence Lutsen (Interuniversity Micro-Elektronica Centrum, IMEC, IMOMEC division, Diepenbeek, Belgium) – “Contact Person” –

3. Summary / Abstract.
Solar energy conversion based on organic materials is an emerging research field with substantial future prospects. A broad range of distinct device technologies are currently being developed, including dye-sensitized nanocrystalline solar cells, polymer/fullerene blends, small molecule thin films and hybrid polymer/nanocrystal devices. Several European groups have already established themselves as world leaders in this field with for example world record efficiencies for both dye-sensitized and polymer/fullerene devices currently being held by research groups in Lausanne and Linz respectively. Major nationally based research programmes are under way with extensive European industrial investment.

At present the field is developing diversely across Europe, with different national programmes tending to focus on different technologies. In particular, the two largest communities in this field, namely dye-sensitized nanocrystalline devices and polymer-based devices have to date developed and functioned largely independently with few overlaps. This division is, however, becoming an increasing critical barrier to development of the field, with scientific progress increasingly being made in device concepts which lie at the intersection of these two research communities – for example in solid state dye-sensitized solar cells employing organic hole conductors and in hybrid polymer / nanocrystal devices which combine the nanometer scale structural control achieved by the use of inorganic nanocrystals with the ease of processing inherent in the use of organic optoelectronic materials. 

It is the intention of this proposed network to bring together these diverse research programmes across Europe, leading to the development of a cohesive pan-European research community targeting the development of innovative, low cost, organic based photovoltaic cells. This program will necessarily be positioned at the intersection between solid-state physics, chemistry, and materials science.

A strong interdisciplinary approach is essential with a high degree of interaction. The synergy of the know-how present in the various research groups, all with strong international reputation in their subfields, concerning i.e. design and synthesis of novel polymer materials with as well donor as acceptor properties, nano-particules, solid electrolytes, the expertise in analytical, electrical and optical characterisation techniques, modelling and device up-scaling technology will ensure a more rapid progress and create the appropriate circumstances for breakthroughs in this fundamentally important research domain.

Through scientific meetings (workshops, international conferences) organized by the Steering Committee, the proposed network will implement more coherent national and European research activities in the field of organic based solar cells and will allow closer relations between the various already existing organizations of scientific and technological cooperation in the two largest organic solar cell communities in Western and Eastern Europe. The proposed network will also promote a greater European cohesion in this research field based on the best experiences of knowledge transfer at European levels

4. R & D Keywords.
All-organic solar cells, Dye-sensitized solar cells, hybrid polymer/nanocrystal solar cells.

5. Status, Goals, Envisaged Achievements.
Status of organic solar cells
In the context of organic based electronics the development of efficient and stable organic solar cells constitutes the next major leap in the development of said electronics. Indeed the complexity of the physics operating in these devices offers a major driving force for new developments. Mastering the physics and the device structure leading to it, will lead to major spin-offs in the development of the other device types. Originally, most of the attempts to realize organic solar cell devices were based on essentially the same concepts as thin-film pn-devices
,
. This resulted in energy conversion efficiencies of about 1% with the main limitation being the short exciton diffusion length and the insufficient exciton dissociation. The breakthrough for solar cells incorporating an organic part came with the advent of concepts, which were radically deviating, from the planar heterojunction solar cells. The generic idea behind these concepts is the existence of a bulk-distributed interface to capture the excited carrier and to increase the exciton dissociation rate. The Graetzel cell
 or dye-sensitized cell is a prominent example of this generic idea belonging to the class of hybrid cells. Within the pores of a porous TiO2-layer a monolayer of an organic sensitizer is adsorbed on the pore walls. After absorption of a photon, the excited electron within the sensitizer molecule is immediately transferred to the conduction band of TiO2, after which the electron diffuses through the porous network to the contact. The oxidized sensitizer molecule is reduced to the original state by supply of electrons through a liquid electrolyte within the pores. Cells based on this concept show confirmed energy conversion efficiencies up to 11% on small-area cells
, whereas up-scaled modules exhibit efficiencies between 5 and 7%. Standing issues within this type of solar cells are the replacement of the sensitizer by a material with increased absorption in the red and infrared part of the spectrum
, the replacement of the liquid electrolyte by a solid-state hole conductor
, 
 and the improvement of the cell stability. Due to the mentioned issues, the Graetzel-cell concept is increasingly moving towards the development of solid state dye-sensitized solar cell employing organic hole conductors and the replacement of the sensitizer dye with quantum dot light absorbers.

The full-organic counterpart of the Graetzel-cell is the bulk donor-acceptor heterojunction concept
 that is based on blends of two organic compounds one with donor-character, the other with acceptor properties. The excitons dissociate very efficiently at the interfaces between donor and acceptor phases and flow through the percolated donor and acceptor sub-networks to the contacts, which are carrier selective. A soluble C60 derivative, PCBM, is often used as acceptor component because exciton dissociation turns out to be extremely efficient with transfer times in the range of 100 fs 
. However, at the moment there is a clear call for alternatives that allow the replacement of PCBM by a polymer with acceptor characteristics. Some preliminary results in this direction start to appear (e.g. CN-PPV/MEH-PPV
). For sure the progress made over the last years in organic photovoltaics is impressive, from an efficiency of only 0.04% around 1995, going to 1%, next to 2.5% in 2000
, 2.9% in 2001
 using MDMO-PPV and recently efficiencies of over 3%
 have been demonstrated in 2003 using poly(3-hexyl thiophene). Very promising is that these results are merely a consequence of optimisation of the morphology of the bulk heterojunction. Furthermore such promising results were obtained mostly for materials that only absorb light in the blue light and UV-range of the solar spectrum. Work has been undertaken by many groups meanwhile to use so-called low band gap conjugated polymers with a stronger absorption in the main emission spectrum of the sun. Besides this issue of extension of the active layer absorbance towards the red and infrared range, other standing issues are the use of materials with higher mobilities and again the critical issue of stability of the morphology so obtained. In the frame of improving the red- and infrared sensitivity of the donors, the majority of the activities are directed towards thiophene derivatives
, which could also improve stability. Improved ordering and enhanced mobilities within the acceptor part are also expected from the inclusion of nanotubes
. However, it is to be expected that for large surface applications an absolute need for an alternative, acceptor material available on large-scale can be identified. Also controlling morphology in a rational manner by using principles of self-assembly and supra-molecular organization shows important potential.

Recent work shows that new developments are sought in the consideration of a broader scope of materials used as components in the composite layer, ranging from organic molecules to inorganic nano-structured compounds. This evolution is driven for example by the possibility of combining the low-cost thin-film fabrication of the polymers with the good electrical and optical properties of the inorganic semiconductors. The high surface tension at such inorganic nano-particles, compared to the nonpolar nature of the conjugated polymers used, brings new challenges to real control on morphology. It can be envisaged that use of amphiphilic or polar conjugated polymers is needed to reconcile the polarity differences between these two classes of materials. This would possibly lead to the use of environmentally more friendly solvents.
The general goals of the programme will be to gain a better comprehensive understanding of the electro-optical mechanisms occurring in the photoactive films, a significant improvement of the photovoltaic efficiency through the synthesis of new materials and the assembly of new materials systems.

The goals of the programme can be summarised as follows:

· The organic photovoltaic community expresses its ambitions to boost the efficiency of an all solid state solar cell further from the present 3%
 (5% 
) to > 8 % as a result of increasing interactions and joint collaborations via scientific meetings, and knowledge, know-how and person transfer.
· Integrate the European research and development activities within the chemistry, materials science, photophysics and device physics in the field of organic semiconductors. Through this interdisciplinary integration, European leadership in this field will be further established for future.

· Integrate the European research and development activities within the two largest communities in this field, namely dye-sensitized nanocrystalline devices and polymer-based devices that have to date developed and functioned largely independently. A better knowledge of the advances made in the whole community of organic based solar cells will help to establish quicker and more important progress in that field.
· [image: image1.png]


Through dissemination of these excellences in research and development to the European Industry, the leadership of the European based technology in the field of organic solar cells will have a better impact the worldwide scene.

To achieve this, various tasks have to be carried out : synthesis of new materials, chemical and structural characterization, photophysical study of material systems, study of electrical transport, device modelling. To do so, we will divide the programme into focus topics of manageable sizes.











Each topic will have an active coordinator present in the steering committee, but it is not the intention to divide all participants into such subgroups. Rather, we want to use the focus topics to break down walls between different areas of expertise. Almost all groups in the programme are able to produce thin film samples by various techniques, and many have complementary techniques for characterization and measurement.

A Stake Holders Forum will include interested industries. Whilst not directly receiving funding from the ESF, these industries could have input into the network programme and its priorities but also will have a role of advisor on the market evaluation and its evolution in time. Major industrials involved or having interests in the field of organic based solar cells are represented within the collaboration program.

The envisaged achievements of the network will be both general and specific. 

Many aspects to further development and improvement of “all solid state organic solar cells” as a whole in terms of efficiency, stability and technology, must be investigated and results have to be largely disseminated to make major progress.

More specifically the following aspects will be investigated within the interdisciplinary network:

· Optimisation of device efficiencies through:

· Development of organic hole conductors with improved hole mobilities

· Development of organic hole conductors with increased absorption range, i.e. low band gap.

· Development of organic hole conductors with increased solubility in acceptable solvents for industry.

· Development of novel organic n-type materials.

· Minimization of interfacial recombination losses

· Optimisation of charge collection and light scattering

· Optimisation of the nano-morphology of photoactive layer (i) through control of metal oxide film structure and improved interpenetration of organic hole conductor, in the case of hybrid cells, or (ii) nano-morphology of interpenetrated polymer networks and phase.separation in blends of electron-donating and accepting polymers, in the case of all plastic sollar cells.

· High-throughput preparation and characterization of organic solar cells.

· Development of all low temperature processing routes allowing device fabrication on flexible substrates.

· Development of novel organic based solar cell devices structures.

· Multi-junction devices

· Development and evaluation of numerical models of device function, and projection of potential optimised device efficiencies.

· Identification of key issues controlling device stability.

· Development on flexible encapsulation of devices.

· Comparative evaluation of all-organic and hybrid nanocrystal / organic device concepts in terms of device efficiency, stability, processability and production costs.

6. European added value.
71 Research Institutes from 18 European and candidate countries and 7 industrial companies have indicated their strong interest to participate, because of the need to collaborate in this interdisciplinary research area. The field of organic based solar cells is developing very fast outside Europe. A European effort, bringing together various research groups and techniques, is needed to strengthen the European position, and may result in providing new technological concepts for green energy conversion, which is of great interest for science as well as for the European society. Finally but equally important, by stimulating these cross-correlations, students and young researchers will be made aware of the interrelated problems in materials science research, which will lead to a substantial strengthening, in the long run, of the European capacity for sustaining a high level in this research area.

7. European context.
Some of the partners were and/or are still involved in European funded projects directly related to the proposal.

EU funded research in the field of organic solar cells.

· FP5 – 1996 – RTD Joule III – JOR3-CT96-0106 – European Organic Solar Cells Initiative.

· FP5 – 1997 – RTD Joule III – JOR3-CT97-0147 – Indoor Dye: Dye Photovoltaic Cells for Indoor Applications

· FP5 – 1998 – RTD Joule III – LOT-DSC-JOR3-CT98-0261 – Long Term Stability of Dye-Sensitized Solar Cells.

· FP5 – 1998 – RTD Joule III – JOR3-CT98-0206 - MOLPLASOL Development of Molecular Plastic Solar Cells

· FP5 – 2000 – RTN EUROMAP – HPRN-CT-2000-00127 – Photoinduced Charge Transfer in the Novel Low Band Gap Polymer Semiconductors and their use in the Photovoltaic Devices.

· FP5 – 2000  – ENK6-2000-00082

· FP5 – 2001 – ENERGY: NANOMAX – ENK6-CT2001-00575 – Nanocrystalline Dye-sensitized Solar Cells having Maximum Performance

· FP5 – 2003 – ENK5-CT-2002-00687 - EURO PSB - A Self Rechargeable and Flexible Polymer Solar Cell Battery

· FP6 – 2004 – STREP 502783 – MOLYCELL – Molecular Orientation, Low Band Gap and New Hybrid Device Concepts for the Improvement of Flexible Organic Solar Cells.

This programme is designed to have a very strong impact upon the integration of the European organic photovoltaic community by the integration of the dye sensitized-, the nano-crystalline- and organic bulk heterojunction- research communities.
8. Programme work plan.
During the 5-years programme, the following types of activity are planned:

- 2 international conferences: one in 2007 and a second in 2009. International conferences will bring together 70 to 150 participants maximum for three to four days. The programme may apply for co-sponsoring.

- 3 smaller-scale European workshops on this topic in 2006, 2008, 2010. Smaller-scale workshops will bring together around 50 participants for two to three days.

- Meetings on focus topics of a small number of participants bringing together 20-30 participants from across the programme, partly tutorial in nature and more dedicated to students and post-doc students.

- Grants for students, postdocs and senior researchers for research visits in order to exchange knowledge and know-how.

- Annual meetings of the Steering Committee. Committee meetings will be scheduled, if possible, in conjunction with a scientific meeting (workshop or conference) and will be held at a convenient European location.

- A general programme brochure to be produced within the first starting six months.

- Joint publications.

- Programme homepage including a regular newsletter.

- Proceeding of workshops and conferences organized by the Steering Committee.

9. Envisaged programme duration and budget.

Duration: 5 years

Total budget: 600 kEu

Year
2006

100

2007

150
(includes international conference)

2008

100

2009

150
(includes international conference)

2010

100
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