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4.1.2 Summary description of project context and objectives 

Project context  

Over the last years, enormous technological achievements have been made in the field of 

organic electronics and photonics, presumably resulting in unprecedented flexible, unbreakable, 

light weight and low-cost devices and applications that will improve our quality of life, open large 

markets and enable environmentally friendly fabrication processes. This disruptive technology 

will probably play an essential role in tomorrow’s energy, environmental, ICT, security and 

health challenges. 

 

Some applications such as light-emitting diodes, photovoltaic, and flexible electronic paper are 

now in an advanced stage of commercialization. However new functional organic materials are 

still missing to enable the next generation of applications. These materials should allow new or 

enhanced properties in electron transport, conversion of photons into electrons and/or 

conversion of electrons into photons and to be printed in a continuous process. 

 

The Organic Nanomaterials for Electronics and Photonics (ONE-P) project, a three year project 

started in January 2009, is developing the missing high-performance, low-cost multifunctional 

materials and their process technology to strengthen industrialization of the electronics and 

photonics sector in Europe thanks to the synergy between academic and industrial research 

and the integration of complementary competences. 

 

General Objectives 

The goal of the ONE-P project is to develop missing materials and their process technology to 

enable a new generation of applications.  

 

In practice, ONE-P partners have invented, fabricated, characterized, formulated, processed 

and tested a great variety of new materials thanks to the complementary expertise from 

chemists, physicists and engineers from universities, research centers, SMEs and large 

industries, which is essential to carry out research of this complexity and diversity.  

 

Partners 

The ONE-P project involves 200 researchers from 28 organizations based in 11 countries.  

 

15 Universities: Université Libre de Bruxelles, Université de Mons, University of Cambridge, 

University of Copenhagen, University of Bologna, Linköpings Universitet, Chalmers University 

of Technology, Rijksuniversiteit Groningen, Westfälische Wilhelms-Universität Münster, 

Université de Strasbourg, Bergische Universität Wuppertal, University of Nova Gorica, 

University College London, Imperial College of Science, Technology, and Medecine, 

Technische Universität Dresden 

5 Research centers: Consejo Superior de Investigaciones Cientificas, Max Planck Gesellschaft 

zur Foerderung der Wissenschaften, Consiglio Nazionale delle Richerche, imec, Nederlandse 

Organisatie voor toegepast-natuurwetenschappelijk onderzoek. 

8 Industrial partners and SMEs: Philips Electronics Nederland, STMicroelectronics, Merck, 

Johnson Matthey, Basf, Scriba Nanotecnologie, VDI/VDE Innovation + Technik GmbH, Innova 

 

 



Five Technical working groups 

The project was organized in « working groups or « work-packages ». The four first working 

groups were dedicated to the development of specific materials by applications: 1. transistors; 

2. solar cells; 3. lighting; 4. sensors. The fifth working group’s target was the continuous 

processing of materials on large area.  

 

WP1 Materials for the fabrication of organic transistors  

Imagine a new class of light, thin and flexible e-reader that is unbreakable and foldable. This 

reader would be able to store thousands of documents, and receive automatically your favorite 

newspapers and magazines, avoiding a high quantity of paper waste. Each e-reader would be 

composed of millions of organic transistors that can be made by printing, a much cheaper and 

low energy process compared to the fabrication of conventional silicon transistors.  

 

Making organic transistors happens, is the objective of the first work package, which 

concentrated on transistor components: semiconductors, dielectrics and conductors as well as 

on the study of the respective interfaces. Specifically, the overall goal of WP1 is to develop 

highly performing functional materials for air-stable circuits based on complementary logic: n-

type and ambipolar organic semiconductors (OSC), dielectrics and conductors. 

 

WP2 Organic materials for solar cells  

Imagine a flexible, thin, light weight solar cell produced by a cost effective printing process… 

Organic solar cells based on carbon atoms, are easy to process and require only a minimum 

amount of material and energy for their production: 1 g of organic active materials allow the 

production of 1 square meter of solar cell. Moreover, compared to standard silicon solar cells, 

they are able to collect light of low intensity, working earlier in the day and later in the evening, 

earlier and later in the year. They could thus also be used indoors, for example to replace 

batteries in TV remote controls. They are also less sensitive to the angle and some prototypes 

are already used as wall papers. 

 

To reach low cost and be competitive to silicon panels, the performance of organic solar cells 

has to be increased. The strategy developed in the second work package was to apply an 

integrated programme: from theoretical understanding of basic mechanisms taking place in the 

solar cell, synthesis of new materials, their characterization and device testing. This WP aims to 

synthesize, process, and characterize new materials and nanostructures for low-cost 

photovoltaics and photodetectors, producing devices with performance which goes beyond the 

current state of the art. 

 

WP3 New generation of organic light emitters for lighting 

OLED’s are efficient lighting with short switching time and free of toxic components. Imagine 

this thin, large area surface lighting source in your house: it could take any shape, any color and 

emit from a glass or a mirror. This revolution began, with new production sites in Europe, but to 

make these lighting available for everyone at low cost new materials still need to be developed. 

 

WP3 focused on the synthesis and characterization of new light-emitting compounds and the 

definition of design rules to obtain the desired properties; in particular cheap and 

environmentally friendly emitters based on copper, compounds combining high emission 



efficiency and good charge transport properties, infrared emitters and emitters for lasing 

applications. The objective of this WP is the design and synthesis of a new generation of light 

emitters (in particular triplet emitters with short radiative lifetimes, infrared emitters, and 

materials combining ambipolar characteristics and high luminescence quantum 

yield), characterisation of their photophysical properties and assessment of their performance in 

standard LED architectures and in light-emitting transistors. 

 

WP4 Self-assembled monolayers for sensors  

Imagine a new portable medical device able to detect diseases from a simple human expiration 

or a drop of blood: doctors could immediately identify and monitor health problems without a 

battery of sophisticated invasive tests. Some detectors do already exist but so many more are 

possible based on organic materials that will increase our life quality. 

 

Organic sensors applications are very wide from detection of explosives or gas, to pressure and 

thermic sensors integrated into “intelligent” clothing, environmental monitoring. These 

applications require sensors that are sensitive, fast, portable, low-power and easy to use. 

Organic materials are attractive because their properties can be tailored by modification of their 

chemical structure and because the materials are easy to print. WP4 by its objective to 

synthesize, process, and characterize self-assembled monolayers (SAMs) for application in 

functional opto-electronic interface devices contributes to these developments. SAMs are 

indeed very useful to modulate the properties at the interface, typically between an electrode 

and an organic semiconductor and to produce sensors amongst the most sensitive in the world.  

 

WP5 Continuous processing and technologies  

Imagine now that all the applications presented can be fabricated on large areas in a continuous 

way: this is the challenge of WP5. A work that goes from the fundamental understanding of thin 

film formation to the elaboration of formulations and inks, application through a variety of 

printing technologies and realization of patterned structures. 

 

WP5 addresses the challenges to process functional thin films and multilayers of organic 

semiconductor materials for electronic and photonic applications in continuous mode on large 

area. 

 

In addition to the scientific work which is the core of the project, ONE-P paid also a 

particular attention to exploitation perspectives and to the training of researchers to innovation. 

Dissemination tools have been adapted to the different target communities: to academics via 

conference talks, posters and scientific articles to citizens and politics via a public website, 

public events or movies and to industries via booths at industrial fairs. An interdisciplinary 

summer school dedicated to young researches has also been organized. 

 

Finally, coordination of activities in the different work packages, efficient communication 

between the partners, the European Commission and other projects in the field was considered 

as a key point and reached thanks to the very active cooperation from all ONE-P partners. 

 

 

 



4.1.3 Description of the main S & T results / foregrounds 

During the three years of the European ONE-P project, partners developed both, new materials 

and the corresponding technology in order to realize the market of organic electronics and 

photonics based devices 

 

Not only through the development of one type of material, as for example semiconductors with 

very high mobilities or dielectrics with low k, but also through the combination of both of them 

with the understanding gained from theoretical calculations and structural as well as interface 

studies lead to reach outstanding results and real breakthroughs in the field of organic 

electronics. 

 

It is also important to mention that companies involved had optimized processes for scale-up 

selected materials and produced test devices to test diverse ONE-P materials to allow their 

industrialization. All that will contribute to the exploitation of ONE-P results. 

 

The enormous scientific and technical knowledge produced cannot be summarized in only a few 

pages and just some selected results will be commented.  

 

WP1 
Concerning semiconductors, numerous small molecules and polymers have been 

developed and the optimization, guided by theoretical calculations and experience on 

previous generations of materials, lead to various semiconductors with very good 

performance. The work has been mainly focused on semiconductors for n-type and 

ambipolar transport, since semiconductors for p-type transport were already in a higher 

state of development. 

 

Regarding small molecules, both, n-type and ambipolar semiconductors have been developed 

whereas with polymers the focus has been only in ambipolar materials.  The use of ambipolar 

organic semiconductors in so-called ambipolar logic circuits allowed the researchers to achieve 

a high gain and high noise margin without having to integrate two different organic 

semiconductors (p- and n-type) as required, for example, for more conventional complementary 

logic circuits. 

 

The best n-type semiconductors produced from the point of view of performance, stability and 

processability are perylene semiconductors with additional acceptor units placed in the ortho 

position of the PDI core. This family of compounds has been synthesized and optimized by 

MPG and BASF with the inputs received from theoretical and structural studies performed by 

UMONS and CNR. The materials have been protected with three joint patents (MPG and 

BASF). Reproducible n-type mobilities up to 0.7 cm2/Vs in FETs with ink formulations that are 

air stable have been achieved. 

 



The results from partners (both theoretical and experimental) have contributed to establish an 

understanding of the relationship between chemical structure, processing and device 

performance. Based on these results, BASF was able to select specific materials out of the 

perylene class and optimize synthesis and purification processes for industrialization. Also 

ambipolar small molecules have been developed being the ones with better performance (µe up 

to 1.6 cm2/Vs; µh up to 2.1 cm2/Vs measured by ETOF) phtalimide and Quinone substituted TTF 

derivatives synthesized by CSIC.  The very good performance is rooted in the theoretical 

studies performed in Mons on the electronic structure and the solid-state organisation. 

Concerning polymers, among the various families of materials with good ambipolar 

characteristics the DPP based copolymers developed by ICL should be highlighted. 

Copolymerization with thiophene afforded the best performing one, DPPTT-T.   

 

 
DPPTT-T  

 

Studies performed by UCAM with this polymer permitted the first demonstration of a solution-

processed ambipolar polymer semiconductor with balanced electron and hole mobilities 

exceeding 1cm2/Vs (hole mobility up to 1.2 cm2/Vs and electron mobility up to 1.9 cm2/Vs are 

achieved simultaneously).  These values are larger by an order of magnitude than the highest 

ones previously reported for ambipolar conjugated polymer OFETs. This represents an 

important breakthrough in the performance of ambipolar organic semiconductors and is 

enabling performance improvements in important applications, such as logic circuits.  

Structure-property relationships studies in these materials permit to establish that such high 

carrier mobilities can be achieved even though the polymer films do not exhibit exceptional 

levels of crystallinity. It has been observed semi-crystalline, lamellar order in these polymers 

using grazing incidence wide-angle X-ray scattering (GIWAXS) in collaboration with UCPH. The 

order improves upon annealing which correlates well with an improvement of transport 

properties with annealing. However, compared to other semi-crystalline polymers, such as 

PBTTT, which exhibit lower levels of performance, the degree of order in the DPP copolymers is 

not exceptionally high. This provides important new insights into the design requirements for 

high mobility polymer semiconductors. 

UCAM has already demonstrated ambipolar logic inverters based on the new materials which 

exhibit gain exceeding 20. Fabrication of an ambipolar logic circuit is considerably simpler than 

that of a complementary logic circuit, because it does not require the patterning of two 

semiconductor layers and integration is achieved with the same source-drain metal electrodes 

and a common gate dielectric for load and switching transistors. Ambipolar logic achieves 

almost the same level of performance, the only disadvantage being a somewhat higher power 

consumption than in complementary logic. The new polymers developed in the ONE-P project 

will be enabling significantly higher performance for such ambipolar logic circuits, as their carrier 

mobilities are about one order of magnitude higher than of the previous generation. UCAM is 

planning to further develop the ambipolar polymer transistor technology developed in the project 



for logic circuit applications. They are actively working on printed logic circuits for applications in 

brand protection, medical diagnostics and supply chain management in collaboration with 

industrial partners (Plastic Logic). The use of the ONE-P materials in such printed logic circuits 

is being evaluated and this will constitute an important avenue for exploitation of the project 

results.   

 

Related to dielectric materials, the focus has been on dielectrics compatible with air 

stable n-type and ambipolar organic semiconductors which are crucial for the 

developement of printed organic electronics. The gate dielectric exerts a critical 

influence on the ability to observe electron transport in organic semiconductors and 

interfaces at which electron trapping is a need to be avoided.  Specific dielectrics that 

permits the development of robust transistor circuits for digital and analogue signal 

processing that can operate at ultralow power and voltage are also crucial in many of the 

targeted applications for organic electronics. 

 

Several promising crosslinkable and non-crosslinkable dielectrics have been identified in year 

one and developed in year two by BASF. Scaling of these processes to kg-batch production has 

been shown in year 3.  Several of these dielectrics have shown excellent results in the 

combination with the lead n-type semiconductor material. One possible explanation for the high 

device performance has been given by partners from CNR: they have shown in grazing 

incidence diffraction studies that 2nd generation n-type material PDI8-CN2 shows higher order 

(crystallinity) when applied onto crosslinkable dielectric material DX1 from BASF compared to 

the n-type semiconductor films on bare silicon wafer. Atomistic molecular dynamics simulations 

by UNIBO also are in accordance with the different crystalline structure when PDI8-CN2 is 

grown in different dielectrics. 

The development of polycationic dielectrics by BASF and LiU have lead to the successful  

creation of fast n-OFETs operating at very low voltage by combination of specific dielectrics and 

semiconductors. 

The main achievement is the demonstration of air-stable circuits operating at voltages down to 

0.2 V, with signal delays down to 260 �s, and with a static power consumption of less than 2.5 

nW per logic gate. To get an idea of how small that last value is, an ordinary alkaline AAA 

battery has the capacity of supplying that power for 55,000 years. 

BASF has identified 3 different class of dielectric:  polycationic polymers as polyelectrolytes, 

crosslinkable materials for bottom gate applications and non-crosslinkable materials and 

upscaled to 100g batches which were all within the quality specifications. 

 

Concerning electrodes, printable metal electrodes and transparent carbon based 

electrodes have been investigated. The development of novel air-stable materials, 

suitable for large-scale production that does not require high vacuum or clean room 

conditions is crucial and metallic inks are the more appropriate for the growth of printed 

electronics. By other hand the development of transparent and impermeable electrodes 

containing no oxygen, halogens, or metal ions is the upmost importance for the 

fabrication of sustainable devices and because reactive, hydrophilic, acidic/basic and 

impure transparent electrodes (Ca, Al, ITO,PEDOT: PSS) limit performances of devices. 

JM have developed inside ONE-P silver/magnesium alloy films exhibiting work function values 

between 2.9 and 3.9eV.  The measurements of the work function by UCL and LiU has shown 



that the work function of sputtered Ag-Mg alloys can be substantially lower than that of the 

component metals, possibly due to the formation of an outgoing surface dipole by the two 

components. The material is suitable for applications requiring low work function electrodes,  

such as light emitting diodes and photovoltaic cells.  It is important to notice that both metals are 

available at reasonable costs and without shortage in supply in the foreseeable future. A record 

of invention was filed covering alloying of metal powders by ball milling resulting in low work 

function materials.  

In addition to this, polymer- and solvent- based silver nanoparticle inks have been developed. 

Air-stable, low work function silver/magnesium polymer inks (WF = 3.9 eV, σ = 260.9 S/cm) 

were obtained and screen-printed films fabricated from the ink showed an optimal 

conductivity/work function window when annealed between 100-130°C. Nanoparticle-based 

conductive patterns were fabricated by inkjet printing or spin-coating. The technology is suitable 

for applications in printed electronics and integrated circuits. However, a more systematic 

understanding of the relationship between the molecular structure and the electronic properties 

is required in order to fully develop solution-processable, low work function nanomaterials. 

An intense work on processing of graphene oxide has been done by MPG and UdS leading to 

graphene electrodes with competitive characteristics to substitute ITO as electrode in 

semiconductor devices.  A successful method to repair defects in the reduced graphene oxide 

(use acetylene as a supplementary carbon source under the chemical vapor deposition 

conditions) provides the highest electrical conductivity of 1425 S/cm for graphene on quartz 

substrate and with an optical transmittance of more than 70% at a wavelength of 500 nm. By 

means of KFM it has been possible to map the selective reduction of different areas of single 

GO set on nanoelectrodes. Another successful approach was the patterning of gold nanowires 

(with only 5% surface area coverage) on top of a graphene electrode to reduce the general 

resistance of the electrode (transmittance of 86% at 500 nm, sheet resistance 150 

Ohm/square). This method has been patented jointly with BASF.  A method has been 

developed also to synthesize large-area high quality graphene with Cu foil as substrate that 

permits the transference of the as-grown graphene could be transferred to arbitrary substrates 

such as SiO2/Si, glass, or polyethylene terephthalate (PET). The sheet resistance of this 

graphene-based flexible transparent electrode was only half of that of graphene on glass or 

SiO2.  

Very important has been also the work devoted to the understanding of graphene interfaces 

with π -conjugated systems showing that the magnitude of π−π interactions normalized both 

per number of total atoms and carbon atoms increases significantly with the relative number of 

hydrogen atoms in the studied systems. These findings are relevant for the tuning of electrodes-

semiconductor interfaces for organic electronics, and in particular when using graphene as 

transparent electrode. 

A new methodology has been developed by CSIC to interpenetrate DT-TTF semiconductor with 

TTF-TCNQ organic electrodes allowing an important  increase of mobility in the OFET device.  

Charge transfer salts embedded in polymers developed by CSIC have lead to transparent, 

flexible and highly conducting materials. Moreover, such flexible, transparent and light-weight 

soft composite materials benefit from the fact that they can be produced at low-cost, their 

conducting properties can be chemically tuned and can be implemented on different supports 

as fabrics. Optimization of the film formation with different TTFs and counterions permits tuning 

of the transparency and conductivity but additional work is required for the use as good 



electrodes. These BL films offer great promises as strain sensors for a wide range of 

applications due to their fast responses, high sensitivity and stability and large durability being 

very attractive as a new generation of low-cost all-organic piezoresistive materials. 

These kind of films are biocompatible, as ascertained by an histological study, and this fact 

open the possibility to use these materials for components on medical devices.  Different sensor 

devices able to monitor diverse body movements have been developed. Among them a 

prototype of contact lens sensor (CLS) for monitoring, in a non-invasive way, intraocular 

pressure (IOP) variations. The electrical response of the CLS to pressure changes reveals a 

high linearity as well as a good reproducibility having the proper sensitivity to perform 

continuous IOP monitoring. A first test in a human volunteer has already been performed. 

Further studies for the developing of humidity, or temperature sensors using the same 

technology have been performed. All the work on sensor devices has been protected by means 

of patenting. 

 

Figure 1. Left: doughnut shaped rigid CL used for fabricating the CLSs. Middle: modified CL showing the slightly 
coloured BL film glued on the CL equipped with wire connections. Right: measuring the IOP variations of a volunteer 
with the CLS. 

 

WP2 

The activity within WP2 was to develop new materials for high-performance organic 

photovoltaics and photodetectors, and to assess these materials in devices.  This work was 

supported by modeling and photophysical measurements in order to understand the 

requirements for efficient device operation and to provide detailed feedback to the synthetic 

activity. 

The synthesis and device characterization naturally divided into two materials categories: 

solution-processed polymers, and vacuum-deposited small molecules.  Substantial progress 

was made in each of these two areas through the thorough investigation and optimization of 

new classes of materials. The focus of activity was mainly on photovoltaic devices, currently an 

area of huge international interest.  There was a small amount of activity on developing solution-

processable blocking layers for photodiodes with orthogonal solubilities to the active layers.  

This work was hampered by synthetic difficulties that prevented good device performance from 

being achieved, and hence is not described in detail here.  The work on photovoltaic was 

successful, with efficiencies of 6.5% achieved in new solution-processed materials based on the 

diketopyrrolopyrrole (DPP) unit, and efficiencies of over 5.4% achieved in small-molecule-based 

devices. 



Solution-processed photovoltaic materials and devices 

A significant amount of activity was carried out to develop new donor materials for 

polymer:fullerene devices.  Most of these were characterized at IMEC.  ICL synthesized a novel 

sila-indacenodithiophene monomer and co-polymerized it with various electron deficient 

moieties giving rise to a large family of novel donor polymers for use in OPV. Efficiencies in the 

region of 5% were obtained, whilst also allowing for the elucidation of structure-property 

relationships to further advance the field. Excellent manipulation of the frontier orbitals of this 

series of polymers was possible, allowing tuning of the organic solar cells to maximize light 

absorption whilst maintaining a large open-circuit voltage. 

ULB synthesized new monomers based on DPP (diketopyrrolopyrrole), containing 

(oligo)thiophene moieties. The monomers were transferred to Imperial for polymerization. A 

variety of substituents on the nitrogen atoms of the DPP core and on the (oligo)thiophene units 

was introduced with the aim of controlling polymer solubility and electronic properties.  A 

polymer (shown below) was made which gave a record breaking short-circuit current of almost 

20 mA/cm2 with an efficiency of 6.5%. Derivatives of this polymer also gave efficiencies around 

5%.  BASF scaled up the synthesis of DPP monomers to gram scales, developing a route that 

is suitable for further scale-up.  ULB additionally synthesized various DPP dimers with linear 

and branched alkyl side chains and with different aryl groups, with the intention of improving 

crystallinity in the resulting blends.  A joint patent on DPP oligomers was filed in collaboration 

with BASF. 

 

BUW focused on the synthesis of donor-acceptor copolymers and oligomers. During the period 

of the project 18 polymers and 6 oligomers were synthesized. The variation of the donor and 

acceptor blocks resulted in band gap reduction, an essential prerequisite for donor material in 

organic solar cells, and variation of the energy levels of the polymers. Particular focus was 

placed on polymers based on benzoselenadiazole, benzodithiophene, thieno-pyrrole-dione and 

cyclopentadithiazole (CPDTz) units. 

Chalmers has synthesized a large number of new materials for device characterization at IMEC, 

leading to efficiencies up to 4%.  The particular focus was on new derivatives of quinoxaline-

thiophene polymers. 

The synthesis of CPDT-BTZ has been optimised at MPG to further improve hole mobilities, and 

monomers with unsaturated side-chains have been developed. 

Separately from the work on polymer:fullerene systems, UCAM has investigated a number of 

polymers from Chalmers as possible acceptor polymers in combination with P3HT, and as 

donors to CdSe nanoparticles.  Efficiencies in polymer:polymer systems remained low, despite 

optimization of energy levels and morphology.  Transient absorption measurements at UCAM 

demonstrated that the reason for the low performance was the presence of a rapid 



recombination process at the polymer:polymer interface.  For combination with CdSe 

nanoparticles, Chalmers introduced groups designed to bind to the nanoparticle surface, 

avoiding nanoaparticle aggregation and phase separation.  Beneficial effects were observed in 

the film morphologies, although the ultimate device efficiencies obtained were modest. 

We have also pursued a number of approaches to achieve self-assembled donor-acceptor 

nanostructures, including the synthesis of phthalocyanine-fullerene diads (ULB), and of diblock 

copolymers.  The diblocks produced exciting results, in particular using the fully conjugated 

diblock copolymer, P3HT-b-PFTBTT, synthesised at BUW, containing donor and acceptor 

blocks with suitably positioned energy levels for use in a solar cell. This is the first block 

copolymer to be based on an existing high-performance polymer:polymer blend. Phase 

separation of the blocks and self-assembly behavior were observed. In ternary blends with the 

respective homopolymers the diblock copolymer introduces lateral nanostructure without 

restricting P3HT crystallization in the charge transport direction, resulting in standing lamellae, 

as demonstrated by X-ray diffraction. By adding the diblock to the homopolymer blend as a 

compatibilizer, phase separation at elevated temperatures was prevented, allowing the films to 

benefit from a dramatic increase in P3HT ordering.  This allowed polymer blend photovoltaics to 

be demonstrated where the nanostructure was thermodynamically, rather than kinetically, 

controlled. 

UdS, in collaboration with MPG node, have employed the solvent vapour annealing technique 

(SVA) on a blend of an amphiphillic electron acceptor and an apolar donor. This choice permits 

achieving a selective annealing of one component of the blend by changing the polarity of the 

two species, to obtain a phase separation at the nanoscale.  UdS has also developed a novel 

dip-coating procedure to form highly crystalline and macroscopic conjugated architectures of 

donor-acceptor systems on solid surfaces. 

Small-molecule devices 

IMEC has investigated PbPc and ClAlPc as donor layers in multilayer photovoltaics.  For both 

materials, the application of a buffer layer improves the solar cell performance, mainly through 

an increase in fill factor. In the case of PbPc, using CuI as a buffer layer, the short circuit current 

density increases significantly. Action spectra indicate that all PbPc layers consist of a 

significant amount of triclinic domains. With this approach, it was possible to increase the 

efficiency of a planar heterojunction PbPc/C60 solar cell from 2.1 to 2.9%. Similarly, in the case 

of ClAlPc, a thin layer of FDTS increased the performance notably by increasing the order in the 

ClAlPc layer. 

IMEC also optimized bulk heterojunctions (BHJs) based on coevaporated donor-acceptor 

systems.  Cells based on CuPc:C60 were studied, both for standard and inverted structures. 

Comparing the action spectra of normal and inverted CuPc:C60 BHJ cells showed that charges 

are best collected near the anode. These findings have led to the development of a model 

which is capable of explaining many features of the thickness dependence, and can be used to 

identify critical bottlenecks in the optimization of BHJs.  Optimized BHJs have been developed 

for ClAlPc:C60 (4.6%) and SubPc:C60 (4.2%). Finally, IMEC has investigated tandem devices 

containing recombination zones (RZ) based on very thin metal layers. The tested tandem 

structures based on complementary absorbing materials (SubPc – SubNc) and based on planar 

heterojunctions have Voc values equal to the sum of the Voc values of the optimized single cells, 



which is the best possible situation for two series connected cells. The introduction of the RZ 

does not alter fill-factor a lot, with peak values above 60%. The optimization of the optical 

pattern inside the stack, leads to Jsc values in the range of 60-75% of the values of the subcells. 

Any value above 50% will lead to an increased efficiency, and the efficiency peaks at values 

around 40% more than the efficiencies of the single cells.  The combination of the best ClAlPc 

and SubPc BHJs in a tandem configuration led to a maximum efficiency of 5.4%. 

TUD aimed to develop single and tandem photovoltaic devices based on novel materials 

synthesized within the project. For example, MPG synthesized HATCN molecules, HATNA 

derivatives with fluorinated benzene rings, pyrenetetraone, and 2,7-dibrompyrentetraone, and 

also investigated charge-transfer complexes formed by pairs of strong donor and acceptor 

polycyclic aromatic hydrocarbons. The photovoltaic devices studied at TUD are based on the p-

i-n configuration. The advantage of sandwiching the absorber layer between doped transport 

layers is that it leads to higher built-in voltages, better ohmic contacts, and provides the option 

to vary the transparent doped spacer layers so as to maximize the optical field in the active 

region of the solar cell. In this work 3 electron transporting materials and 5 absorbers have been 

studied. Of these, two electron transporting materials have shown promise and three absorbers 

have been used in tandem organic solar cells.  

The molecule MBTBT, synthesized at BUW, is an absorber with an absorption maximum at 

492nm that can be used to fill the window between the peaks in the response of the standard 

ZnPc/C60 solar cell. The responses of single layer cells and tandem cells were studied by dark 

and illuminated current-voltage measurements. Modulated photocurrent measurements were 

used to characterize the electronic quality (defined by the mobility-lifetime product of the charge 

carriers) of the material in a bulk heterojunction with C60. It was also demonstrated that the 

electronic quality of pristine ZnPc can be quantified using this technique. Trapped charge 

density measurements have also been performed using photocapacitance techniques. The 

single layer cells of MBTBT/C60 have been optimized to 1.52% power conversion efficiency, 

using knowledge of the transport properties from the photocurrent measurements and the 

optical constants from reflectance and transmission measurements. The material was then used 

in a tandem device in combination with a ZnPc/C60 cell. The tandem cell was also optimized 

using the same procedure. The tandem cell uses a highly doped p/n recombination junction 

instead of a metallic recombination layer. The former has the advantage that the amount of light 

lost in this layer is negligible since its around 10nm thick and composed of material transparent 

in the visible region. The tandem cell has been optimized to 2.23%. Similar methods were 

followed for 4,7-bis(5-phenylthiophen-2-yl)benzo[c][1,2,5]thiadiazole (source: Chalmers) and 

2,5-dimethyl-3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (DPP-Me, source: 

ULB).  

In order to assess suitability for roll-to-roll deposition, film properties were investigated as a 

function of growth rate, including at high growth rates up to 1 Å/s.  Homogenous films of the 

materials mentioned above could be achieved at all growth rates.  DPP-Me films were 

amorphous, and had a high deposition yield, but interfacial exciton quenching was identified as 

a problem.  The electron transporting material 2,7 dibromo 4,5,9,10 pyrenetetraon (from MPG) 

was found to form aggregates at all growth rates, leading to photon scattering. The material 

4,5,9,10 pyrenetetraon (from MPG) cannot be purified and hence was found not to be suitable 

for device preparation. 



Photophysical characterization and modeling 

Several new polymers of interest for photovoltaics have been characterized at UNG using time-

of-flight techniques to determine charge-carrier mobilities.  The effects of blending and 

annealing on electron and hole mobilities have been investigated.  LIU has provided detailed 

measurements of energy levels for many of the newly-synthesized polymers in WP2.  In 

addition, core-hole clock measurements have been attempted on phthalocyanine-fullerne diads 

from ULB.  Photoelectron spectroscopy data have been compared with electroabsorption 

measurements of built-in potentials and in-situ FET mobility measurements in order to 

investigate the role of energetic disorder in these measurements and to correlate this with 

device performance. 

UdS has developed an easy and cheap as well as up-scalable approach to form single crystals 

of PCBM, being the most widely employed n-type for photovoltaics. Such single crystals can be 

employed as ideal interface for photophysical studies of acceptor-donor interfaces. By means of 

Kelvin Probe Force Microscopy (KPFM), UdS has been able to quantitatively determine the 

local surface potential of conjugated nanostructures. A 3D model has been developed to 

provide a quantitative explanation of KPFM results, which takes into account the vertical 

structure of the sample. The model has been tested on nanostructured films obtained from two 

relevant semiconducting systems for OFET and solar cell applications, i.e. poly(3-

hexylthiophene) (P3HT) and perylene-bisdicarboximide (PDI).  

UCAM has used transient absorption (TA) spectroscopy to characterise the carrier dynamics 

and loss mechanisms in devices based on DPP-TT-T and DPP-TT (from Imperial). The findings 

show that geminate recombination is still a significant loss mechanism. TA and transient 

photocurrent measurements further showed that the faster charge sweep-out and therefore 

lower non-geminate recombination is the main reason for the better performance of the DPP-

TT-T devices as compared to DPP-TT.  TA measurements have also been applied to study the 

unusual “ping-pong” exciton dynamics that occur in co-evaporated blend films of DCV2-3T(Bu2) 

and C60 provided by TUD. 

Modelling (UMons and UNIBO) has used quantum chemical and molecular dynamics 

techniques to study the inter-molecular processes relevant to photovoltaic device operation.  

UMons has simulated aggregates of P3HT chains.  It was found that the very central P3HT 

chains generally adopt a full anti-conformation, while the outer chains get more and more 

distorted, showing that a P3HT aggregate contains an ordered part and a disordered part.  

Optical spectra have then been simulated, and it was found that the ordered chains almost 

reproduce the emission spectrum, but the absorption spectrum has important contributions from 

both the ordered and disordered parts.  Singlet exciton diffusion was also simulated by solving 

the time-dependent Liouville equation, giving an exciton diffusion length of 28 nm, in agreement 

with experiment.  Singlet exciton diffusion has also be studied jointly by UNIBO and UMons in 

indenofluorene trimers, particularly focusing on the role of disorder and phase behavior. 

Separately, triplet exciton diffusion in oligoacene crystals was studied, first computing electronic 

couplings and internal relaxation energies and then using a kinetic Monte Carlo algorithm.  

UMons and UNIBO have studied the physical and energetic structure of pentacene/C60 

interfaces, allowing the formation of interfacial dipoles that affect energy alignments to be 

studied.  The details of charge separation at donor/acceptor interfaces have been studied using 



a phenomenological model including exciton decay, charge recombination and collection, 

intermolecular coupling, site energy difference, and nuclear vibrations with both high and low 

frequencies. It is found that a maximum yield is obtained when the energy difference between 

the first excited state of the donor and the charge transfer state is larger than the Coulomb 

energy barrier. 

UNIBO studied the phase behaviour and molecular organization of LC fullerene-based 

donor/acceptor compounds formed by a central fullerene with two mesogenic groups attached 

at its side., The predicted phase organisations, showing partial or total 2D segregation of C60, 

seem very promising in terms of optimization of charge and energy transport properties. 

Quantum-chemical calculations have been performed to study NDI-TT, a polymer with high 

electron mobility.  It is found that two different conformers exist depending on the NDI-T torsion 

angle, and that the electron mobility is larger due to larger transfer integrals and a smaller 

reorganization energy compared to holes. 

WP3 

The main goal of task 3.1 was to design, synthesize, and characterize new triplet emitters 

that are cheaper and more environmentally friendly than the widely used iridium 

complexes. In this respect, many phosphorescent neutral or charged copper(I) complexes 

have been investigated by WWUM, showing emission across the visible range. In close 

collaboration with WWUM, UMons has characterized at the theoretical level the geometric, 

electronic, and optical properties of Cu(I) complexes in order to provide guidelines for the 

design of the best materials for light-emitting diodes and to shed light on the nature of the 

emitting state and on the role played by the different ligands in the absorption and emission 

spectra. Among the complexes involving the POP ligand which is known to hinder planarization 

of the complex in the excited state (a detrimental phenomenon for high photoluminescence 

quantum yield), one complex exhibits two polymorphs with two different colors (blue and green) 

that can be switched by mechanical grinding, paving the way towards triboluminescence 

applications. Interestingly, the photoluminescence quantum yields of the two polymorphs were 

high: 60% in the blue and 25% in the green. Orange copper emitters have also been 

synthesized by WWUM when substituting the POP ligand by another bulky ligand in order once 

again to prevent planarization of the complex in the lowest triplet excited state. The most 

promising compounds have been incorporated in electroluminescent devices by UCL. When 

blue-emitting copper complexes are encapsulated in a PVK matrix, the devices emit white light, 

most probably due to the formation of exciplexes between the host and guest compounds. 

Another target in task 3.1 was the development of new metal complexes with short excited-state 

lifetimes. WWUM has synthesized new complexes based on iridium exhibiting intense blue 

emission with short lifetimes. Another complex based on osmium and platinum metal centers 

with a photoluminescence quantum yield of 3.5% yielded an extremely low radiative lifetime of 

350ns, well below the initial objective of WP3. 

The goal of task 3.2 was to develop new morphology or matrices for devices 

incorporating triplet emitters and to characterize their photophysical properties. To do so, 

WWUM provided to CNR and UCAM new blue iridium triplet emitters with efficiencies varying 

from 20 to 72%. CNR has fabricated active layers from polystyrene beads decorated with triplet 

emitters in order to create nanoscale charge percolation pathways in the organic thin film. The 

mechanical and electrical properties of these beads have been investigated by atomic force 



microscopy and phase-electrostatic force microscopy. CNR showed that it is possible to 

measure the amplitude of the interactions between the beads through the measurement of the 

hexagonal unit cell extracted from the Fourier transform of the AFM images. Unfortunately, poor 

electrical characteristics were obtained when depositing the beads by the Doctor Blade 

technique in the channel of a light-emitting transistor. The work of UCAM has focused on the 

development of new strategies to improve the efficiency of light-emitting diodes based on blue-

emitting triplet phosphors provided by WWUM. The challenges of using blue emitters in LEDs 

rely on the proper choice of the host materials and electrodes since blue emitters have a very 

high bandgap and hence a shallow LUMO and/or a deep HOMO level. A new approach 

consisting in the use of injection layers based on metal oxides  (molybdenum trioxide as hole 

injector and zinc oxide as electron injector) proved successful to improve the efficiency of the 

LEDs even though more efforts should be concentrated on the optimization of the zinc oxide 

layers. Direct incorporation of blue triplet emitters into a metal oxide host has also been 

investigated. UCAM has indeed developed a new process at a temperature lower than 150°C to 

co-deposit triplet emitters and ZnO precursors while preserving the integrity of the iridium 

complex, as demonstrated by recording the emission spectrum of the triplet emitters. This 

original deposition technique is very promising since it allows for incorporating ionic complexes 

of iridium using polar transport media.  

 

The goal of task 3.3 was to design new fluorescent materials combining high charge 

mobilities and high solid-state luminescence quantum yield. This was motivated by the fact 

that crystalline materials typically exhibit high charge mobilities but low luminescence quantum 

yields while amorphous materials are characterized by high luminescence quantum yields but 

low charge mobilities. Since high charge mobilities require a high degree of order in the solid 

phase while high luminescence quantum yields require different orientations of the transition 

dipole moment of the molecules, the key concept of task 3.3 was to design highly ordered and 

dense materials with a packing structure exhibiting different orientations of the transition dipole 

moment of adjacent molecules. In order to reach this objective, UMons has screened many 

conjugated compounds based on pyrenes and/or fluorenes, as suggested by ULB. Theoretical 

calculations have indicated that only a few derivatives are expected to be luminescent in 

solution, a prerequisite for being luminescent in the solid state. Moreover, the synthesis of such 

elaborate compounds was much more challenging than expected. The Board has therefore 

decided to stop task 3.3 after 18 months in order to spend more time on more promising 

compounds in the other tasks. 

 

The goal of task 3.4 was to design new infrared emitters for use for instance in the field 

of telecommunications or photodynamic therapies. BUW has synthesized new low bandgap 

copolymers based on a donor-acceptor approach. The latter consists in building a polymer 

chain made of an alternation of donor and acceptor units to reduce the HOMO/LUMO band gap 

by exploiting the low ionization potential of the donor unit and a high electron affinity of the 

acceptor unit. BUW also synthesized a donor-acceptor oligomer (HBTP), with a 

photoluminescence efficiency of 13% when blending 5% of HBTP in a matrix of F8BT (i.e. a 

higher bandgap polymer) and an external quantum efficiency (EQE) of 0.9% in an OLED. 

Chalmers has developed another approach which consists in incorporating one infrared emitter 

fragment into the polymer backbone. Such copolymers should reduce the risk of phase 

segregation between the host polymer and the infrared emitter. The low bandgap segments will 



confine the excited states and hinder their migration to quenching sites. For example, Chalmers 

has shown that mixing a high bandgap fluorene-dialkoxybenzene polymer backbone with 10% 

of a thiophene-thiadiazoloquinaxoline-thiophene low bandgap segment leads to a compound for 

which almost all the emission signal occurs in the near infrared. It has also been demonstrated 

that reducing the doping ratio of the low bandgap fragment (from 10% to 1%) increases the 

EQE by more than a factor of 4, from 0.02% to 0.09%. Chalmers achieved the best EQE on the 

order of 1% with an emission very close to the near infrared when mixing 3% of a thiophene-

diketopyrrolopyrrole-thiophene low bandgap segment to the well-known F8BT backbone. MPG 

developed stable quaterrylene diimide derivatives that are emitting close to the near-infrared 

(~800nm) as well as several donor-acceptor copolymers. UCL made devices with all 

synthesized polymers to measure their emission wavelengths and maximum external quantum 

efficiencies through variations of the nature of the transport layers and/or doping ratio of the low 

bandgap material. The typical architectures for the devices made by UCL are 

ITO/PEDOT:PSS/active layer/Ca/Al. The global trends provided by these measurements is that 

the EQE drops progressively when lowering the bandgap most likely due to the increase in the 

efficiency of the internal conversion processes. Mons and LiU performed theoretical calculations 

and UPS measurements to further rationalize the photophysics of these polymers. 

 

The goal of task 3.5 was to design new materials for light-emitting transistors for 

photonic applications. The principle of a light-emitting transistor consists in injecting holes at 

the source and electrons at the drain and controlling the location of the emitting zone via the 

gate bias in order to limit quenching effects by the electrodes. Conjugated polymers and iridium-

based triplet emitters to be used in the active layer of such devices have been synthesized by 

BUW and WWUM, respectively. In particular, WWUM has synthesized new zwitterionic 

iridium(III) complexes featuring a fluorinated alkane side-chain; these complexes self-assemble 

into one-dimensional nanostructures, as revealed by scanning electron microscopy and atomic 

force microscopy. The photoluminescence quantum yields of these zwitterionic complexes 

reach 20 to 30%. The optical patterning of the channel of the light-emitting transistors is also a 

critical issue to reach high performance. In this context, UCL has developed two useful 

nanolithography techniques: (i) a scanning near-field optical lithography technique that allows 

drawing structures with more than 65000 pixels whilst maintaining the integrity of the aperture 

and a resolution of 60nm; and (ii) a scanning thermochemical lithography technique yielding a 

resolution down to ~35nm. UCAM has devised new architectures for the light-emitting 

transistors by using bottom contacts, ZnO layers on the source and drain for improved electron 

injection, and a dielectric PMMA layer of variable thickness. Using the F8BT polymer, this 

architecture gives a high external quantum efficiency of 8.2% (28Cd/A). Moreover, the external 

quantum efficiency can be increased up to 12.5% with an index-match half sphere, thus 

showing the huge potential of light-emitting transistors for devices with high brightness. Many 

conjugated polymers developed in WP1 for high mobility values turn out to be poor candidates 

for these devices due to their low fluorescence quantum yields. 

 

The goal of task 3.6 was to design new materials for use in lasing applications. The 

development of electrically-pumped lasers based on fluorescent molecules is still a challenging 

task since the stimulated emission band generally overlaps with the absorption band of the free 

charge carriers. A new approach developed in task 3.6 was to design new highly luminescent 

triplet emitters to shift down the emission wavelength and avoid self-absorption by designing 



triplet emitters for which the triplet-triplet absorptions lie in a different spectral region than 

emission. In this context, UMons has screened the potential of iridium complexes suggested by 

WWUM. The calculations have spotted several materials suitable for use in lasing applications 

and have suggested guidelines to reach the objective, (for instance, to select preferentially 

homoleptic complexes with ligands having a large energy difference between the HOMO and 

HOMO-1 levels and between the LUMO and LUMO+1 levels). In particular, the theoretical 

calculations have shown that iridium complexes covalently linked to a bodipy moiety have 

promising potentialities for lasing applications. Accordingly, WWUM has developed the 

synthesis of one of these iridium/bodipy complexes. The photophysical study of this complex 

has clearly shown that: (i) the initial singlet exciton resulting of the excitation of the iridium 

complex is quickly converted into a triplet exciton by intercrossing system; (ii) the triplet exciton 

is then transferred from the iridium complex to the bodipy moiety and finally; (iii) the bodipy- 

centered exciton decays mainly non-radiatively, thus ruling out its use for the lasing 

applications. IMEC has therefore not tested this complex in devices, as initially planned. 

 

WP4 
 

The main results of WP4 can be summarized by application. 

 

Field-effect transistors and integrated circuits 

Organic electronic circuits can applied as pixel engine in an active matrix display and for smart 

labels. The building block is the field-effect transistor. The charge carriers are injected by the 

source electrode and collected by the drain electrode. For efficient electron- and hole injection 

the work function of the electrodes has to match the energy level of the lowest unoccupied 

molecular orbital (LUMO) and that of the highest occupied molecular orbital (HOMO) of the 

organic semiconductor, respectively. SAMs have been applied to tune the workfunction. The 

changes in workfunction have been theoretically modeled at the DFT level. The vacuum level 

shift is due to the interface dipole of the SAM. The origin is the electrostatic potential of the 

charged sheet; spin polarization has a minor influence and can be disregarded. The two 

contributions namely that of the molecular backbone and that of the interface could be 

disentangled. The workfunction has been experimentally determined on homologue series of 

alkanethiols on gold by Kelvin probe. A good agreement has been obtained. The validated 

theoretical methodology has been used to explain the workfunction of photochromic bistable 

SAMs.        

 

The SAM modified electrodes have been used to study the injection in field-effect transistors. 

For instance electrodes have been functionalized with photochromic bistable SAMs. The 

workfunction and hence the charge transport in a transistor depends on the molecular 

conformation. Secondly, Au electrodes have been functionalized by thiophene oligomers. The 

extracted device mobility exponentially decreases with increasing number of thiophene units. 

The changes in mobility could be related to the tunneling resistance through the conjugated 

SAM. The decay parameters derived are in good agreement with literature data. Hence SAM 

functionalized transistors can be used as a gauge for the study of charge transport across 

homologue series of conjugated molecules.  

 



A new method has been demonstrated that produces asymmetric nano- and micro-electrodes 

with different workfunction. The procedure consists on (i) a first symmetrical functionalization of 

the source-drain electrode by dipping the sample in an alkanethiol solution, (ii) the following 

electro-reduction of one electrode with the total desorption of the SAM and (iii) finally the 

deposition of the second SAM. The asymmetric electrodes can be applied in a variety of new 

devices like planar solar cells and light emitting transistors. The method is simple and potentially 

up-scalable.  

 

Optically switchable field-effect transistors have been fabricated by using Au nanoparticles, 

coated with optically bistable azobenzene SAMs, blended with organic semiconductors. The 

transistors exhibit a photoresponse that is reversible without fatigue over twenty cycles. The 

tunnelling current through the SAM depends on the length of the molecule which gives a handle 

to tune the current transport of the phototransistor. 

 

SAMs have not only been applied to modify the workfunction but as active semiconductor. The 

mobility of the self-assembled monolayer field-effect transistors (SAMFETs) traditionally 

decreases dramatically with increasing channel length. Recently, however, SAMFETs using 

liquid-crystalline molecules have been shown to have bulk-like mobilities that are virtually 

independent of channel length. We have reconciled these scaling relations by showing that the 

mobility in liquid crystalline SAMFETs depends exponentially on the channel length only when 

the monolayer is incomplete. This dependence has been explained both numerically and 

analytically, and shows that charge transport is not affected by carrier injection, grain 

boundaries or conducting island size. At partial coverage, that is when the monolayer is 

incomplete, liquid crystalline SAMFETs thus form a unique model system to study size-

dependent conductance originating from charge percolation in two dimensions. 

 

Two-dimensional highly ordered SAMs could be directly grown on a bare polymer surface. The 

semiconducting SAMs have been utilized in field-effect transistors and combined into integrated 

circuits as 4-bit code generators. The driving force to form highly ordered SAMs is packing of 

the liquid crystalline molecules caused by the interactions between the linear alkane moieties 

and the π-π stacking of the conjugated thiophene units. The fully functional integrated circuits 

demonstrate long-range order over large areas, which can be regarded as the start of flexible 

monolayer electronics. 

 

Molecular electronics 

Molecular electronics holds the potential to fabricate elements for electronics circuits with a 

functionality that is embedded in just a single layer of molecules. Instead of using 

photolithography or printing techniques to etch or print nano-scale circuit features, molecular 

electronics can be engineered to use organic molecules that spontaneously form the correct 

structures via self-organization. Molecular electronics will be the next disruptive technology in 

electronics. In recent years, a lot of single-molecule devices, both discrete and self-organised in 

monolayers, have been presented showing intriguing phenomena as rectification, negative 

differential resistances, stochastic switching, the Kondo-effect and conductance switching. The 

reproducibility however, is doubtful. Rectification is due to contacts and not related to the 

functionality of the molecule; negative differential resistances appear to be due to irreversible 



electrochemical reactions and stochastic switching due to molecular diffusion. Progress in the 

field of molecular electronics is hampered by the lack of reliable and reproducible data.  

 

Here we have realized a technology to simultaneously fabricate over 20,000 molecular junctions 

- each consisting of a gold bottom electrode, a self-assembled alkanethiol monolayer, a 

conducting polymer inter layer and a gold top electrode - on a single 150-mm wafer. The 

integration of these large area molecular junctions has been demonstrated in strings where up 

to 200 junctions are connected in series with a yield of unity. The high yield together with the 

reliability and the low process variability makes it possible to integrate each identified functional 

molecule in the default process flow chart. The upscaled the technology paves the way for 

molecular integrated circuits. 

 

The electrical transport through single molecules has been investigated for mixed alkanethiols. 

In certain mixed SAMs the resistance counterintuitively decreases with increasing average layer 

thickness (the case of monothiol-dithiol systems). We have suggested an explanation for the 

observed dependence of the resistance in the mixed SAMs on their composition within an 

equivalent circuit model based on a simple assumption concerning their microdomain structure. 

The simulated dependence is non-exponential but leads to a good agreement between 

calculated and measured resistances with only one fit parameter. 

 

A large bias window is required to discriminate between different transport models in large area 

molecular junctions. Under continuous DC bias the junctions irreversibly break down. By using 

pulse measurements the breakdown could be delayed upto electrical fields of 35 MV/cm.  The 

breakdown voltage depends logarithmically on both duty cycle and pulse width. A tentative 

interpretation has been presented based on electrolysis in the PEDOT:PSS top electrode as 

breakdown mechanism. By expanding the bias window using pulse measurements they could 

show that the electrical transport in molecular junctions exhibits not an exponential but a power 

law dependence on bias.  

 

Charge transport through monolayers of alkanes and para-phenylene oligomers has been 

investigated in large-area molecular junctions. The molecules are self-assembled in a 

monolayer on a gold bottom electrode and contacted with a PEDOT:PSS top electrode. The 

current density exhibits a power law dependence on both temperature and bias, viz.  J  Tα at 

low voltage (eV << kT) and J  Vβ at low temperature (eV >> kT), with β = α + 1. With only two 

fit parameters it has been shown that the complete J(V,T) characteristics could quantitatively be 

described. The molecular contribution is a length dependent prefactor on the PEDOT PSS only 

diode. Consequently, in a multi-barrier tunneling model the factorization with the PEDOT:PSS 

resistance has to be explicitly included. The dominant role of the PEDOT:PSS contact explains 

the absolute value of the junction resistance and its relation to processing conditions. 

 

The charge transport through monolayers of alkanes and para-phenylene oligomers is 

symmetric. Functional molecular photochromic switches have been realized with azobenzenes 

and diarylethenes. The junctions can operate as an electronic ON/OFF switch or as a 

reprogrammable data storage device. The azobenzene SAMs cooperatively switch between a 

cis and trans configuration, with concomitant changes in the electrical transport. Diarylethenes 

are molecules that switch reversibly, when exposed to light of certain wavelengths, between a 



called closed and open form. Arylethene derivatives were synthesized and incorporated into 

large area molecular junctions that showed reversible photoswitching of the electronic 

conductance. The electronic transmission in the open and closed form has been calculated 

within the coherent transport NEGF formalism. The experimental data have been quantitatively 

explained. The HOMO LUMO gap is irrelevant. Current modulation originates from the shape 

and energy level of the HOMO only. The impact of linkers added to each side of a photochromic 

diarylethene core on its I/V characteristics has been calculated as well. Such linkers are 

essential in experiments to limit the electronic interactions between the photochromic core and 

the metal surface. Without it, the excitation would be quenched in the junction and no 

photoswitching effect would be observable. The spin off is enormous. It has given the clue to 

design the holy grail of molecular electronics, a rectifying molecular junction. This work will 

continue after the ONE-P project has been finalized.   

 

Light emitting diodes  

For efficient electron- and hole injection into light-emitting diodes the work function of the 

electrodes has to match with the energy level of the lowest unoccupied molecular orbital 

(LUMO) and that of the highest occupied molecular orbital (HOMO) of the organic 

semiconductor, respectively. Any offset between semiconductor energy levels and electrode 

work function gives rise to an injection barrier. Light-emitting diodes using a self-assembled 

monolayer functionalized anodes have been fabricated. Key device parameters, such as diode 

current, turn-on voltage and efficiency could be related to the work function of the anodes as 

previously measured with KPM and electro-absorption.   

A relation between injection barrier and current density could be derived from investigation of 

organic non-volatile resistive bistable diodes based on phase separated blends of ferroelectric 

and semiconducting polymers. The polarization field of the ferroelectric modulates the injection 

barrier at the semiconductor-electrode contact and, hence, the resistance of comprising diodes. 

The work-function of the anode and the HOMO energy of the semiconductor have been varied 

deliberately. The current density decreases exponentially with the injection barrier, typically a 

decade per 0.25 eV. 

 

A spin-off of the ferroelectric diodes has been a new device, the MEMOLED, an organic light-

emitting diode with a built-in ferroelectric switch. The polarization field of the ferroelectric is used 

to modulate the injection barrier at the semiconductor–metal contact yielding an integrated 

on/off switch for light emission. The bistable diode can be programmed into a non-emissive off-

state and a non-volatile emissive on-state. Static images are generated with a passive matrix 

driving scheme that can be scaled to large area. A 2×2 and 3×3 display has been realized. 

Discrete pixels can be put in the on-state and off-state without disturbing the emissive state of 

neighbouring pixels unambiguously demonstrating the elimination of cross-talk. The uniqueness 

of the MEMOLED concept is that it combines the simple device architecture of a passive matrix 

display with active addressing by an integrated programmable switch. 

 

The application of organic light emitting diodes is displays and large area lighting. To optimize 

the performance an understanding of the charge transport is crucial. We have demonstrated 

that inclusion of Shockley Reed Hall recombination in a device model gives a consistent 

description of bipolar characteristics without the need for adjusting the Langevin expression. 



Together with an earlier reported universal Arrhenius relation of the mobility, this allows for the 

first time full predictive modeling of organic light emitting diodes. 

 

Data storage 

Most of the envisaged applications of organic electronics require a non-volatile memory that can 

be programmed, erased and read electrically. Ferroelectric field-effect transistors (FeFET) are 

especially suitable due to the non-destructive read-out and low power consumption. We have 

derived an analytical model that describes the charge transport in organic FeFETs. The model 

combines an empirical expression for the ferroelectric polarization with a density dependent 

hopping charge transport in organic semiconductors. The model can be used to identify the 

origin of the different transconductances reported in the literature. The model can be directly 

extended to an AC model that can be implemented in standard circuit simulators to design 

ferroelectric memory arrays.  

 

The basis of the memory is the ferroelectric polymer PVDF-TrFE. To reveal the molecular 

dynamics ferroelectric capacitors have been investigated with X-ray measurements as a 

function of applied electric field. The Bragg reflections have shown oscillations in both peak 

position and width. This is the first time a polymer is seen to rotate.  This work will continue after 

one-p has been finalized. 

 

Sensors and biosensors 

The measurement of volatile organic vapors is crucial for monitoring industrial, bio-agricultural 

and environmental processes. These applications require sensors, or electronic noses (E-nose), 

that are sensitive, fast, portable, low-power and easy to use. A huge variety of transducer 

technologies can be used. However, consumer applications require that the sensors can reliably 

and reproducibly be fabricated in high-volume at low cost. This limits the available transducer 

technologies to organic chemi-resistors and field-effect transistors. The E-nose functionality has 

been demonstrated in both, but widespread introduction is hampered by irreproducibility, the 

lack of selectivity and the lack of internal calibration. Application of functional self-assembled 

monolayers will solve these bottlenecks and lead to the needed breakthroughs. 

 

A new gas sensor has been realized using a self-assembled monolayer field-effect transistor 

(SAMFET). The response of a field-effect transistor is dominated by the electrostatic 

interactions between analyte and the conducting channel. A SAMFET based sensor is highly 

sensitive because the analyte and the active channel are separated by only one monolayer. The 

SAMFET sensor has been used to detect the biomarker nitric oxide, NOx. The SAMFETs have 

been functionalized for direct NOx detection using iron porphyrin as a specific receptor. A 

threshold voltage shift towards positive gate biases with increasing NOx content has been 

observed. The sensor response has been examined as a function of NOx concentration. High 

sensitivity has been demonstrated by detection of ppb concentrations of NOx.  

 

We have demonstrated an ion-sensitive field-effect transistor (ISFET) with an enhanced 

sensitivity.  Commercial ISFETs are based on standard metal-oxide semiconductor field-effect 

transistors (MOSFETs) where the silicon gate electrode has been replaced by an electrolyte 

grounded with a reference electrode. Ionic interactions at the interface between the SiO2 gate 

dielectric and the electrolyte cause a change in the surface potential detected as a change in 



threshold voltage. The sensitivity of ISFETs has been optimized for pH detection. To improve 

the sensitivity beyond the Nernstian response, the layout of the ISFET has been changed by 

adding a second gate. In comparison with a regular ISFET, the change in threshold voltage is 

modified by the capacitive coupling, the ratio between the top and bottom capacitances. To 

maximize the capacitive we used an octadecylphosphonic acid SAM as the top dielectric. The 

sensitivity scales linearly with the capacitive coupling. The achieved sensitivity of 2.25 V/pH is 

orders of magnitude larger than the Nernstian response of 59 mV/pH. The technology is ideally 

suited for biosensors. The enhanced sensitivity might alleviate the well-known Debye length 

problem.  

 

Alternative sensors have been made by electrode modification of field-effect transistors. The 

target is to detect dopamine, a neurotransmitter directly involved in neurological diseases, such 

as Parkinson. The core of the sensing strategy relies on electrode functionalization by SAMs. 

The first functional devices have already been realized.   

A test bed of organic ultra-thin-film transistors for bio-transduction of cells has been developed. 

The device layout has been optimized. A bottom gate configuration must be abandoned due to 

the poor stability of the thermal SiOx. Instead it has been shown that upon electrochemical 

gating no bias stress related hysteresis occurs. Electrical characteristics are stable even when 

the devices were stored for several days in salt water. A physical model describing the coupling 

between cellular activity and OTFT response has been derived. 

 

Smart and responsive surfaces 

SAMs are ideally suited to make smart and responsive surfaces. Optical, magnetic and resistive 

switching surfaces have been demonstrated. Applications are being investigated. The partners 

will continue after the ONE-P project has been finalized.   

A variety of polychlorotriphenyl radicals have been synthesized and characterized. New 

synthetic routes have been developed. The radicals have been processed as monolayers on 

gold and ITO substrates. The layers are characterized for their electrical, optical and magnetic 

properties. The molecules can electrochemically be switched between an open and closed 

shell. An electrical input is transduced into an optical as well as magnetic output. The switching 

is reproducible during hours and the SAMs are stable for more than one month. The 

addressability of the switching of patterned SAMs by fluorescence has been demonstrated. An 

interesting platform for applications in microfluidics or an interface between electronics and 

biology is envisaged. 

 

Using the same methodology as for the polychlorotriphenyl radicals, the switching behaviour of 

surfaces functionalized with tetrathiafulavalene derivatives has been investigated. This system 

exhibits three-stable states. Magnetic and optical outputs can be employed to read-out each 

state. The switches exhibit an excellent reversibility and stability. 

 

Polychlorotriphenyl radicals have been synthesized with long aliphatic side chains, yielding 

molecules with both a hydrophobic and amphiphilic character. The morphology of thin films 

therefore strongly depends on type of solvent. New hierarchically self-assembled micro-scale 

materials with unusual shapes have been made. The structures are highly persistent and even 

stable against water. The multifunctional microscale materials exhibit magnetic properties, 

fluorescence and superhydrophobicity. This is the first time in which organic radicals have been 



organized by making use of non covalent interactions into complex and hierarchically organized 

microscale structures.  

 

Responsive dynamic monolayers have been made, whose reversible assembly/re-assembly 

process can be controlled through H-bonding recognition. This represents the first step towards 

the generation of nanopatterned responsive architectures and 2D sensors. 

Au particles have been coated with a terminally thiol functionalized azo-biphenyl SAM. Upon 

illumination in organic media the solvation and precipitation of Au nanoparticles can be 

modulated. The method is simple and can be used to development of responsive materials. 

 

WP5 
 

As the work committed in task 5.1 Fundamentals of thin films formation and 5.2 Formulation and 

formation of functional thin films is hard to take apart, both tasks will be handled together. The 

two major topics in these tasks include organic material deposition from the gas phase 

and from solution processing.  

 

Within the first topic, imec studied the effect of inert gas – organic molecule mixtures on thin film 

formation using organic vapor phase deposition (OVPD). The relationship between film 

morphology and electrical properties of four different molecules, deposited using OVPD, is 

studied. Because of the additional deposition parameters, OVPD exhibits control over film 

growth and morphology beyond that achievable by vacuum thermal deposition. Notably, 

changing the chamber pressure has a dramatic impact on film morphology. Increasing the 

pressure results in smoother films consisting of small grains, and resembles the effect of a 

higher deposition flux. The four studied materials are 3 n-type molecules (PDI-C13, PDI-8CN2 

from BASF, and C60 ) and 1 p-type molecule (pentacene). The two PDI based materials show no 

correlation between film morphology and electrical properties, as assessed by transistor 

measurements. Regarding C60 several issues related to the high-temperature processing are 

addressed, and this required adaptations of the home-built OVPD system in order to deposit 

good quality C60 layers (FET mobility up to 0.14 cm2/Vs). Using pentacene, a detailed study of 

the used carrier gas pressure is conducted. This finally resulted in state-of-the-art pentacene 

based transistors deposited at almost atmospheric pressure. 

 

Another gas phase study was carried out by CNR. They devised an integrated approach for 

electrical characterisation, X-Ray Diffraction (XRD) and X-Ray Reflectivity (XRR), and non-

contact ultra-high vacuum SPM, all performed in situ and real time during the growth of the 

organic semiconductor. Using this setup, pentacene, PDI-8CN2 (from BASF) and sexithiophene 

are studied. The first two molecules are studied by monitoring real time OFET operation during 

film growth, and complemented by XRR measurements. In the case of pentacene, the current 

saturates after 2 to 7 monolayer of nominal thickness depending on the deposition rate. In the 

case of PDI-8CN2, the analysis of the electron mobility as a function of the film thickness has 

shown that the charge transport is mainly confined into the first two monolayers of the PDI8-

CN2 close to the dielectric surface. In all deposition conditions studied, the first two MLs grow in 

a layer-by-layer mode, confirming the results obtained by imec. Sexithiophene growth on SiOx 

and on FET test patterns for several deposition temperatures Tsub are studied using in situ SPM. 



From the images important materials and growth properties are extracted: desorption energy, 

diffusion barriers, Schwoebel barrier as a function of the number of monolayers. 

One of the main achievements of ULB was the study of the thermal gradient crystallization 

technique on the model compound terthiophene (3T), including heat transfer simulation, 

experimental measurements (DSC, Polarized Optical Microscopy, specular and pole figures X-

ray diffraction) and crystal morphology modeling. This technique has the potentialities to grow 

large uniaxially oriented domains, and the study revealed the selection of different polymorphs 

between the low and high-temperature phases of 3T. The crystallization technique is shown for 

other compounds synthesized: the crystals are oriented along the thermal gradient direction but 

their size varies from one compound to the other. It is successfully applied by the growth of a 

single crystal in micrometer-size grooves etched onto PDMS molds, supplied by SCRIBA. 

 

UdS has proven that it is possible by Solvent Vapor Annealing and Solvent Induced 

Precipitation to form fibres of different electroactive systems. These procedures are simple and 

up-scalable, thus of crucial importance for technological applications. 

 

BASF developed semiconducting (SC) and dielectric formulations in 3 steps: solvent screening, 

optimization of processing conditions and device testing to correlate morphology and 

performance. The studies, together with other partners of the consortium, have allowed BASF to 

develop SC inks for gravure and inkjet printing, which show similar or even improved device 

performance compared to standard solutions for spin-coating. A toolbox of additives and solvent 

combinations has been identified which should allow a significantly faster ink development for 

new materials in the future. Additionally, dielectric inks for gravure and inkjet printing which are 

compatible with the BASF n-type semiconductors have been developed.  By fine tuning 

concentration, molecular weight and polydispersity of the polymer dielectric as well as the 

printing parameters, homogenous films with high resolution and thickness of ~300nm could be 

obtained by both, inkjet and gravure printing. Using the optimized formulation and processing 

conditions, crosslinkable dielectric films have shown to be patternable with a high resolution and 

are resistant to many standard SC solvents. All formulations are based on environmentally 

friendly solvents that suited for industrial printing. They haven’t shown any signs of degradation 

or sedimentation during storage 1 month in ambient and are available in large quantities 

(several liters). 

 

Imperial obtained micro-structural control over TIPS-PEN and TES ADT derivatives, leading to 

reproducible fabrication of high performance transistors of average 0.5 cm2/Vs and 100% yield, 

as tested over close to 100 devices. They also studied the solution phase behavior of PBTTT 

that allowed an ink-jet printable solution. Compared to spin-coated devices, the ink-jet printed 

devices typically had lower current leakage (gate-leakage currents were 1 to 2 orders of 

magnitude lower in ink-jet printed transistors). Integration of such ink-jet printed pBTTT-C12 

transistors into unipolar digital logic gates produced a signal gain of more than 16. This is one of 

the highest gains reported for a unipolar-based logic gate. 

 

The main outputs from Merck in the project relate to the development and understanding on 

using multi-component formulations based on a crystalline OSC and a polymer binder in order 

to improve the uniformity of the functional thin films and the uniformity of their resultant 

semiconducting performance across a transistor array. In order to develop the concept, initial 



studies employed a non-proprietary crystalline OSC to build learning on the effect of formulation 

changes on thin film crystallization. From this model study, mobilities in excess of 1 cm2/Vs 

were demonstrated in TG-FET devices using a multi-component formulation.  Substitution with a 

Merck proprietary 2nd Generation OSC yielded mobilities of 2.5 cm2/Vs (spin-coated OSC) and 1 

cm2/Vs (ink-jet printed OSC) in TG-FETs. Additionally, mobilities of 1.8 cm2/Vs (spin-coated 

OSC) and 0.7 cm2/Vs (ink-jet printed OSC) were measured in BG-FETs when in combination 

with a photo-crosslinkable low-k polymer dielectric (D206) that was developed outside the 

scope of the ONE-P project.   

 

Scriba has explored different solution-based techniques to cast or pattern a thin film of 

functional materials supplied by ONE-P partners onto flexible multilayer films. The activity was 

aimed to find a processing window suitable for a continuous process.  For this, we have 

assembles a prototype stage for lamination and gravure on bench top scale. Materials 

employed were dilute solutions of Poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) 

PEDOT:PSS in water and organic semiconductors provided by Merck (Lisicon™) and BASF 

(N1500 and Sepiolid™ in toluene). Morphological characterization was performed by optical 

microscopy (bright-field mode, dark-field, birefringence and fluorescence) and AFM (atomic 

force microscopy). Lamination of ONE-P materials on multilayer polymer metalized with 

aluminum has been developed both on the metal side and the polymer (PET, PP, PI) side. To 

promote transfer and wettability of aqueous formulations onto the film, we have used two 

strategies: i) coating the roller mill with a highly hydrophobic polydimethylsiloxane (PDMS). The 

surface tension of PDMS, lower than that of the multilayer, allows the transfer of the solution on 

the polymer layer. ii) use of primers previously cast by rolling on the polymer side. Optimum 

results have been achieved using food gelatin. In both cases, the films with the functional 

material thin film on the multilayer foil were wrapped in rolls for further use in WP5.4.  

 

The first studies of the thin film formation taken from WP5.1-5.2 are implemented in patterned 

structures in WP5.3 Patterning and structuring thin films. Within this task, the first step towards 

fully working devices is taken. 

 

Imec worked towards the growth of a controlled donor-acceptor heterojunction by using the 

OVPD knowledge obtained in WP5.1 for successfully validating its potential as high-throughput 

deposition technique for organic solar cells. Firstly, C60 thin films are deposited by OVPD as 

acceptor layer in solar cells, in combination with different donor materials. Secondly, pentacene 

was deposited by OVPD at speeds well above 10 Å/s and used as donor layer in planar 

heterojunction solar cells. Finally, the first and second steps are combined to make a 

heterojunction solar cell with the complete active layer deposited with OVPD. The devices made 

by OVPD are comparable or even outperforming the devices made with standard vacuum 

thermal deposition. 

 

The activities of CNR focussed on the application of wet lithographic processes to organise 

small molecules from WP1 in small patterns. In particular CNR focused on MIcro Molding In 

Capillaries (MIMIC) and Lithographically Controlled Wetting (LCW). CNR optimized the 

experimental parameters to pattern n-type of organic semiconductors provided by BASF on 

different surfaces, even improving the crystalline domains. By patterning thin nanostripes of the 

n-type material, and in combination with a p-type pentacene layer, ambipolar FETs are 



demonstrated. Another process, termed Lithographically Controlled Etching (LCE), starts with a 

drop of an etching solution cast on the surface to be patterned. By placing a polymeric mold on 

the substrate, the stamp protrusions come into contact with the surface thus protecting it, 

whereas the surface beneath the mold recesses is exposed to a thin layer of etching solution, 

allowing the etching of the surface, and complex structures and nanowires down to 30-nm wide 

are feasible.  

 

UdS aligned PDI fibers in between electrode gaps of BG FETs. They performed a systematic 

study on the electrophoretic approach to manipulate n-type fibers based on PDI-C8 in the 

interelectrodic gap of a transistor. Several experimental conditions have been tried in order to 

achieve a good alignment (i.e., use of different electrode gaps, AC voltages and frequencies). 

The experiments conducted so far seem to indicate that for the molecules studied, the best 

alignment results are obtained by using high boiling point solvents and that AC is necessary. 

 

Scriba has explored different patterning techniques on the films obtained in WP5.2, either step-

wise (imprinting, laser scan writing), semi-continuous (laser scan writing on a roll), or continuous 

(gravure). All of them can be upscaled into a fabrication line with medium/high-throughput. 

Imprinting was performed with a silicon wafer stamp patterned with a datamatrix code by 

photolithography with feature size below 5 micron. Imprinting is performed on homogeneous 

thin films made of Poly (3-hexylthiophene) (P3HT), supplied by UDS, and discotic liquid crystal 

(phthalocyanine synthesized by ULB) (DLC) films. Imprinting changes the local orientational 

order parameters, thus producing an optical anisotropy, and hence inducing an optical contrast 

with respect to the as-cast film. The result is an optically variable thin film, which can encode 

information then readable in cross-polarized light. 

Scriba developed a prototype of gravure to pattern ONE-P multifunctional materials dissolved in 

organic solvents, in a continuous line. Experiments with BASF PDI8-CN2 and Merck Lisicon are 

conducted. Cross polar contrast shows the crystallinity of the patterned domains of PDI, 

whereas fluorescence was recorded for Lisicon S1541. The last patterning technique of ONE-P 

materials has been achieved with IR laser scan marking. In this technique, the laser beam is 

scanned across the continuous film of the active material, generating a neat optical contrast 

between the background and the irradiated. The process induces a local annealing/re-

crystallization and a consequent local change of the structural order parameters. The results 

suggest that the laser scan writing can be adapted or transferred to a variety of conjugated 

semiconductors, conductors in the form of nanoparticles inks, and possibly dielectrics. This 

approach is original and can be useful to write individual tags. 

 

The final outputs of WP5 are several applications based on organic circuitry and logic within 

WP5.4 Integration of Material and processes into multilayered functional structures.  

 

During the three years of ONE-P project ST contributed to WP5 by setting up printing and 

integration platforms with the purpose of patterning, structuring and scaling-up the production of 

simple circuits based on organic electronics active devices (OTFT) printed on flexible 

substrates. Several application examples of sensors, organic electronic circuits, and integrated 

smart systems have been reported by ST that were built using the technology platforms and a 

6” pilot line developed in Catania (Italy), where conventional lithography processes are 

combined with non-conventional ones (printing based). A multi-step process for solution-



processable materials based on combination of printing active materials (conductive and 

semiconductive) with soft-litho, ink-jet printing and nanoimprint lithography techniques is 

developed. While this technology platform was initially developed for small area substrates, it 

has been migrated to large area substrates using plastic substrates laminated on silicon wafer 

carriers (up to 6”), suitable for pilot line manufacturing of plastic electronics products. In the end, 

organic field effect transistors on PEN substrate bonded on a Si 6” wafer carrier are 

demonstrated, up to the level of operational circuits. The same technology platform is employed 

to design proof of concept sensor devices (chemical, bio and gas) with electrical transduction 

mechanisms based on amperometric and FET structures, including the necessary microfluidics 

on plastics, where needed.  

 

In this project the main aim of TNO is to realize large area unipolar circuitry on flexible 

substrates. This was done over all the tasks in WP5. For this purpose an understanding how 

small molecule organic semiconductors (OSC) form an active layer during solution processing is 

needed. Important aspects are wetting and spreading of the OSC ink on the substrate, 

molecular interactions at the dielectric and electrode interface, crystallization during drying, 

influences of defects, and post-deposition treatments. The crystal morphology clearly influence 

the charge transport, and a set of tools is developed to control the morphology on large scale by 

using controlled drying by dip-coating or binary solvents, and annealing or melt-processing. 

Another important aspect is the patternability, therefore ink jet printing (IJP) to pattern functional 

OSC films on the device substrate is chosen. The patterning of the OSC decreases the 

possibility for leakage currents between the transistors; additionally the usage of materials is 

lowered when material is deposited only locally on the active matrix. In this project TNO 

successfully controlled the desired wetting using three different approaches: 1) increased 

viscosity by adding a polymer binder to the OSC ink, combined with a fast drying speed, 2) 

printing the OSC on an absorbing amorphous polymer layer, and 3) structuring wetting/de-

wetting zones on the substrates prior IJP to steer the OSC ink to the desired area. The first 

approach, IJP of OSC-polymer blends, gave the highest mobilities and on-currents. More 

importantly for the circuitry applications, the first approach gave the best large area (on 150 mm 

diameter) TFT reproducibility with constant threshold voltage and on-current. Therefore this 

approach is selected for the unipolar circuitry applications. Based on the gained knowledge, the 

device design of uni-polar circuits isadapted and improved. With this improved design uni-polar 

circuitry building blocks of inverters are demonstrated, and this is followed by 39 TFTs (19-stage 

ring oscillators) and 294 TFTs (8bit transponders). The circuitry of the IJP organic 

semiconductors operate at low supply voltages (< 10 V) with short delay times (< 100 us) which 

enables low power consumption products. 

 

The last demonstration of an application is shown by Scriba: they designed and fabricated a 

prototype Multifunction Laser Marker (MLM). They designed a module for writing on a roll of 

functional material from WP5.2 in a semi-continuous mode. The belt is kept in plane under the 

optics of a fixed laser, and is mounted on an XY-stage to allow for patterning. Writing the stripe 

laminated with PEDOT:PSS with a tag containing information which can be read in dark field is 

the final demonstrator of the technology developed by Scriba. 

 

 



4.1.4 Potential impact, exploitation of results and main dissemination 
activities 

Summary of ONE-P potential impact and exploitation of results 

Our everyday life including fields such as light and electricity production, health and education, 

could change completely in a few years through the emergence of a new innovative domain 

called “Organic Electronics”. In contrast to traditional Silicon Electronics, Organic Electronics 

enables lower cost production, requiring less energy, of light, thin, flexible devices: transistors, 

solar cells, new lighting solutions and extremely sensitive sensors.  

The ONE-P project contributed to the Organic electronics field by developing new designs, 

materials, device structures and process technologies. These aspects are reviewed in more 

detail below with some illustrative examples of results and the discussion about their specific 

impact and exploitation. In particular, ONE-P results impacts on socio-economy, environment, 

European and multi-sectorial collaborations and human potential. 

Indeed, the materials, device structures and processes developed within the project were 

specifically designed for new applications related to energy production, energy saving, health, 

environmental monitoring, security, safety and welfare of citizen, and are thus expected to open 

new markets fostering industrialization, economic growth and generation of jobs in Europe.  

In addition, the materials developed within ONE-P were made from starting materials without 

shortage in supply in a foreseeable future, processed using less material and energy than today 

technologies and their potential applications like solar cells, efficient lighting and environmental 

sensors have a direct impact on the environment. 

Finally, the economic impact of the scientific work goes well beyond near-term exploitation of 

new high-performance materials classes and device structures developed within ONE-P.  For 

example, the scientific understanding generated by modeling and photophysical 

characterization will guide future device and materials development activity, thus reducing 

development costs and shortening the time-to-market of new innovations.   

In terms of collaboration: 15 universities, 5 research centers and 8 Industrial partners including 

SMEs have been involved in ONE-P. This multi-disciplinary consortium of 200 researchers, 

composed of strong academic and industrial partners along the value chain, has helped to form 

a cohesive European research area in the field of organic materials for electronics and 

photonics and paved the way for the participation of several partners in follow up projects in the 

same area and several bilateral collaborations and business relations between partners from 

the consortium as well as recruitment of excellent young researchers to sustain research on a 

high scientific level also in industry.   

The expanding activity in Organic electronics in Europe and worldwide, both academic and 

industrial, has heightened the need for trained personnel in this area.  This project contributed 

to the training of significant numbers of PhD students and the development of the careers of 

postdoctoral researchers in this important interdisciplinary area through partners collaborative 

work, project meetings, exchange of students as well as specific dedicated actions organized 

within the ONE-P project such as the School ”Organic nanomaterials for Electronics and 

Photonics” which took place from the 13th to the 20th of April, 2010, at the Centre for Scientific 



Culture "Ettore Majorana" in Erice (Italy) bringing together 100 participants from all Europe and 

INNOVA trainings on IPR issues, Research Results Valorisation, Business Model and Research 

Creativity to more than 200 students: young researchers, PhD students, post-doc researchers.  

In total twelve patents and one record of invention have also been submitted to ensure 

exploitation potential by the industrial partners, most of them by joint industrial-academic 

partners, sustaining the industrialization possibilities of ONE-P results. 

Potential impact in term of design 

On a scientific level, the One-P project has been very productive: showing the power of 

theoretical calculations to develop design rules for future generation materials, developing new 

measurement methods for improved material characterization and understanding properties and 

organization impacting on materials and device design optimization.  

Potential impact in term of materials 

ONE-P contributed to the availability of novel materials, available at reasonable cost and 

without supply shortage in the foreseeable future, suitable for large-scale production of reliable 

devices and circuits at low cost.  

 

Figure 1. Illustration of potential applications of the ONE-P materials 

More precisely, a great variety of semiconductors, emitters, conductors and dielectrics, small 

molecules and polymers, has been synthesized. The exploitation perspectives in general are 

good since the industrial partners started to develop reproducible synthetic processes, scalable 

to high volume and will continue the scale-up beyond the project’s termination. This scale-up 

activity is particularly significant, since the commercial availability of high-quality materials in 

significant volumes is a prerequisite for the development of high-throughput device 

manufacturing, including start-up companies. The scale-up activity performed by companies has 

included the evaluation of sources for the raw materials to insure quality, availability and to 

reliably estimate overall production costs. Also environmental issues, especially minimization of 

waste streams and substitution of harmful chemicals wherever possible have been addressed.  

 



 Semiconductors 

Conjugated polymers exhibiting high mobility ambipolar transport properties with simultaneous 

electron and hole mobilities exceeding 1cm2/Vs constitutes an important breakthrough in the 

field of conjugated polymers. It represents an important scientific existence proof, but also has 

clear technological implications.  

IMPACT&EXPLOITATION: The use of ambipolar organic semiconductors in so-called ambipolar 

logic circuits allows achieving a high gain and high noise margin without having to integrate two 

different organic semiconductors as required, for example, for more conventional 

complementary logic circuits. Ambipolar logic achieves almost the same level of performance, 

the only disadvantage being a somewhat higher power consumption than in complementary 

logic. The new polymers developed in the ONE-P project will be enabling significantly higher 

performance for such ambipolar logic circuits, as their carrier mobilities are about one order of 

magnitude higher than what was previously achieved. With further research to improve their 

luminescence efficiencies the new materials could also have important implications for 

optoelectronic devices, such as polymer light-emitting field-effect transistor and polymer light-

emitting diodes applications. Ambipolar polymer transistor technology developed in the project 

for logic circuit applications will be further developed. Cambridge Integrated Knowledge Center 

(CIKC) is actively working on printed logic circuits for applications in brand protection, medical 

diagnostics and supply chain management in collaboration with industrial partners (Plastic 

Logic) and are evaluating the use of the ONE-P materials in such printed logic circuits.   

New perylene diimides showing high electron mobilities 

IMPACT&EXPLOITATION: these n-type organic molecules are important materials for 

semiconductor material industry because (i) the starting materials (perylene dianhydride or 

perylene diimides) for making these new molecules are commercial and not expansive (ii) The 

compounds can be synthesized in gram or kilogram scale with two- or three-step reaction. (iii) 

The tuning of their optical and electrochemical properties is efficient by the introduction of 

electron-withdrawing or electron-donating groups in 2,5,8,11-positions of perylene diimides. Due 

to their potential good performance these compounds were protected by three patents. 

An impressive number of new DPP derivatives with very promising photovoltaic properties have 

been synthesized and a 6.5% inverted polymer cell, a device structure attractive for roll-to-roll 

printing, has been reported based on one of those new materials.   

IMPACT&EXPLOITATION: These new materials, patented if not already covered by a patent, 

will contribute to the fabrication of improved solar cells. The impact is huge since solar energy is 

one of the few renewable sources that has the potential to contribute to the replacement of 

fossil fuels, thus helping to reduce carbon dioxide emissions and to meet the EU’s demanding 

targets on greenhouse gases. Photovoltaic technologies are already making a significant 

contribution to energy supply, particularly in Germany, but the costs of solar electricity are on 

average still higher than market prices, requiring subsidies in the form, for example, of feed-in 

tariffs to stimulate the market. Module prices are falling as volumes increase, but new 

technologies beyond silicon will be needed to drive solar electricity costs conclusively below grid 

parity.  Organic photovoltaic (OPV) is the technology that is likely to provide the lowest possible 

module cost, and if lifetime issues can be successfully resolved then OPV has the potential to 



be widely implemented. The commercialization of OPV described above will then contribute 

directly towards reducing global warming. Organic solar cells fabricated by roll-to-roll 

manufacturing at low temperatures have a significantly lower manufacturing energy budget than 

silicon solar cells, thus reducing the energy pay-back time.  In contrast to some competing 

inorganic thin-film technologies, they do not require the use of toxic elements, thus avoiding 

potential environmental concerns for large-scale implementation of photovoltaics. They do not 

require the use of scarce elements, and hence provide a sustainable solution to large-scale 

energy demands. 

The improving performance of organic photovoltaics has led to increasing interest in 

commercialization of OPV technology during the course of the project, with major activities 

developing in start-ups, in the electronics industry, in technology transfer organizations, and in 

chemical companies.  Several partners have direct links with start-up OPV companies, with 

Heliatek, Eight19 and Solar Press arising from activity at TUD, UCAM and Imperial respectively.  

Diverse routes therefore exist for generating economic impact from the results generated in 

ONE-P, and this is appropriate to maximize the chances of overall success.  Demonstration 

efficiencies are important, but it is equally important that new materials lead to long lifetimes, 

are scalable to high volumes, and are compatible with high-volume and efficient manufacturing. 

This motivates the thorough investigation and optimization of new materials, device structures, 

and processing techniques carried out within ONE-P.   

 Emitters  

ONE-P has introduced a new generation of emitters based on copper with a high potential in 

view of the 60% luminescence quantum yield measured for one compound.  

IMPACT&EXPLOITATION: Lighting applications currently use 22% of the global electricity 

produced and artificial lighting leads to the emission of 1900 millions of tons of CO2 per year into 

our atmosphere. The search for more efficient and cheaper sources than light bulbs is thus a 

challenge of our century. During the last years, an alternative technology based on organic 

materials (OLED) has emerged and has already reached device performance surpassing the 

light bulbs (above 70 Lm/W compared to 20 Lm/W for light bulbs). Nowadays, such devices use 

organometallic complexes typically based on iridium metal centers to best harvest all excitations 

generated by charge injection in the organic layer. Recent reports however indicate that a large 

industrial development of organic lighting cannot rely on iridium (or ruthenium, osmium, and 

platinum) for cost reasons. Copper is much less expensive due to its large availability (60 ppm 

in the earth crust). Other economic benefits will arise from (i) the cheap processing techniques 

of organic materials compared to their inorganic equivalents; and (ii) the reduced electrical 

power consumption of the new lighting displays.  

The huge potential of a new device architecture base on a light-emitting transistor has been 

demonstrated. For such a device, the light extraction is inherently easier with a proper optical 

design within the channel; moreover, the use of materials with high charge mobility is likely to 

open the way to devices emitting with a higher brightness than the current LED architectures. 

ONE-P has also paved the way towards hybrid devices relying on the stability, mechanical and 

electrical robustness of oxide layers used as injection or host layers.  



IMPACT&EXPLOITATION: One of the main drawbacks of current light-emitting diodes is the 

poor light extraction due to waveguiding phenomena in the organic layers which make the light 

to be reabsorbed before escaping the device. The hybrid structures developed within ONE-P 

have the potential to realize the performance needed for commercial development of OLEDs for 

lighting where a high quality of white light is required for the well-being of the consumers. 

Significant efforts have also been made towards infrared emitters, with quantum yield as high as 

1% obtained in the best cases (in spite of the very efficient internal conversion process 

converting the electricity into heat);  

IMPACT&EXPLOITATION: Infrared emitters hold great promise for a number of applications 

including night-vision readable displays, photodynamic therapies, remote control and 

telecommunications with impact on the health and welfare of the European citizens.  

 Conductors 

Inkjet-printable metallic inks and transparent graphene films have been developed to obtain 

conductive electrodes. RESULTS: graphene transparent electrode have been developed. 

IMPACT&EXPLOITATION: this result shows that ITO electrodes, based on scarce indium, can 

be substituted in semiconductor devices by graphene: the starting material graphite oxide is 

very cheap and the developed methods for curing of defects upon reduction are well 

established and scientifically developed methods. The results have been patented and are now 

ready to be taken over by the industry for new graphene electrode applications. 

Novel silver/magnesium alloys enabling the fabrication of conductive films with low work 

function and at low temperatures under ambient conditions by screen-printing, gravure or doctor 

blade techniques on various types of substrates have been developed. This manufacturing 

flexibility enables the processing of the inks to be tailored on specific target products, with 

benefits on the variety of materials that can be produced and substrates that can be coated onto 

using the same metal source.  

IMPACT&EXPLOITATION: The manufacturing of current organic-based device technologies 

requires vacuum deposition of cathode materials under clean room conditions and relies on 

encapsulation of the deposited material in order to protect them from reacting with water and 

oxygen from the environment. These issues hinder large-scale processability and incur 

additional costs, which limit the commercial feasibility of organic electronic devices in 

lightweight, small, thin and flexible form. A record of invention was filed covering alloying of 

metal powders by ball milling resulting in low work function materials. Both metals of the alloy 

are available at reasonable costs and without shortage in supply in the foreseeable future. 

Functionalisation of anode electrodes via azobenzene-based self-assembled monolayers have 

shown high workfunctions (>5.5 eV) and do not require the use of hole-injection layers. 

IMPACT: the development of novel high work function electrodes are important as anodes for 

high-efficiency lighting or display applications. 

Flexible, transparent metallic polymeric films have been developed as deformation sensors.  
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Figure 3. Complementary circuit operating at low voltage: the 2 blue corresponds to the 2 different semiconductors: n- 

and p-type. 

IMPACT & EXPLOITATION: In many of the targeted applications for organic electronics, 

powering will be achieved using solar cells, printed batteries or electromagnetic induction. This 

requires development of robust transistor circuits for digital and analogue signal processing that 

can operate at ultralow power and voltage. At the moment, no partner within ONE-P has shown 

a direct interest in developping further these devices. LiU has however several industrial 

collaborations where the polyelectrolyte-gated transistors developped within ONE-P are 

attractive. The patent for the polyelectrolyte gated p-channel transistor belongs to ACREO AB. 

This swedish research institute has followed closely the developpement of the n-type transistors 

and showed an interest in further developping this technology. It was unfortunatly not possible 

to patent the polyelectrolyte n-channel OFET developped within ONE-P because of a patent 

application covering the main aspect (without demonstrating the operation of any transistor).  

 Self-assembled monolayers 

Philips as fabricated flexible self-assembled monolayer field-effect transistors (SAMFETs) with 

high yield allows integration of more than 100 devices into fully functional integrated circuits.   

The use of SAMs in sensor devices lead to sensitivity increase by orders of magnitude: 

Detection of NO for example can be as low as a few ppb: the World record in solid state 

sensing. The introduction of a SAM in a pH sensor also permits drastically increased sensitivity. 

IMPACT & EXPLOITATION: Organic sensors applications are very wide from detection of 

explosives or gas, to pressure and thermic sensors integrated into “intelligent” clothing, 

environmental monitoring. These applications require sensors that are sensitive, fast, portable, 

low-power and easy to use. Organic materials are attractive because their properties can be 

tailored by modification of their chemical structure and because the materials are easy to print. 

ONE-P contributed to these developments through the investigation of organic molecules able 

to self-organize in monolayers. These monolayers are very useful to modulate the properties at 

the interface, typically between an electrode and an organic semiconductor and to produce 

sensors amongst the most sensitive in the world: NO sensors, that have a sensibility as low as a 

few ppb: the World record in solid state sensing, have been developed within the project. 

Functionalization of surfaces (ITO and Au) with appropriately functionalized PTM radicals has 

been performed. The application of electrochemical inputs to such hybrid organic/inorganic 

surfaces results in different optical (absorption and fluorescence), wettability and magnetic 

outputs. Importantly, these systems exhibit an exceptionally high long-term stability and 

excellent reversibility and reproducibility. Moreover, these surfaces can be patterned as well as 

electrochemically locally addressed.  It is thus possible to locally oxidize or reduce bits of 

information. Further, the switch behavior of surfaces functionalized with other electroactive 

molecules, tetrathiafulavalenes, that exhibit three-stable states, can allow for the execution of 

more complex logic operations. 

IMPACT & EXPLOITATION: All these robust molecular platforms permit hence to write, store 

and read information, which is very promising for developing non-volatile memory devices 

based on immobilized molecules, of great interest in Molecular Electronics. The reversible 
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Summary of ONE-P main dissemination activities 

The scientific work has been widely disseminated through publications in international journals 

posters and conference talks. In particular more than 150 articles have been published and 

about 50 others are in the pipeline. All articles abstracts and references are available on the 

public website. 

Dissemination tools have been adapted to the different target communities: to citizens and 

politics via a public website, public events or movies and to industries via booths at industrial 

fairs. A public brand and corporate identity was built up and partners were supported with 

promotional material, e.g. logo, public website, promotional articles, press releases and kit, 

templates, posters, flyers and ppt-presentations. 

The ONE-P external web based communication platform: www.one-p.eu was successfully 

implemented and regularly updated information about ONE-P for externals (e.g. journalists, 

government, etc.) such as News, Events… The visits continued to increase until the end of the 

project with an average of more than 8000 visits per months in 2011. 

The project has been promoted by public events such as the public kick-off organized on March 

4, 2009 at the Académie royale des Sciences, des Lettres & des Beaux-Arts de Belgique and a 

final public meeting has been organized in the European Parliament in Brussels on December 

16, 2011 under the patronage of Philippe Lamberts MEP to which 150 persons assisted. 

Dissemination took place through videos: a ONE-P movie has been realized (short version: 3 

min and long version: 6.49 min). The short version of this video won the “International Year of 

Chemistry Video Competition”! organized by ChemPubSoc Europe and Wiley-VCH. Other films 

have been realized (1) on ONE-P Summer school, (2) on the work done in ULB laboratory for 

Industrial Technologies event and (3) on the holistic approach of material research by the 

Belgian television (RTBF: Matière Grise) with the help of ULB in the context of the Belgian 

Presidency. A podcast has also been realized and is posted on the web: 

http://www.ulb.ac.be/actulb/podcast.php?pc=1590 

Dissemination took place through booths and industrial fairs: all ONE-P partners contributed 

with images, video and demonstrators. Posters, giveaways and shirts have been produced to 

further increase visibility. In particular a booth has been presented at: 

1) Industrial technologies 2010 in Brussels on Septembre 7-9, 2010 

2) ICT 2010 in Brussels on September 27-29, 2010  

3) Plastic Electronics 2010 conference and Exhibition in Dresden on October 19-21,2010 

4) Printed Electronics Europe 2011 in Düsseldorf on April 5-6, 2011  

5) Large-area, Organic and Printed Electronics (LOPE-C) Convention in Frankfurt on June 

28-30, 2011 

6) NANOTEXNOLOGY 2011 – International exhibition & conferences and organic 

electronics in Thessaloniki on July 11-15, 2011  

7) 7th Plastic Electronics Conference 2011 in Dresden on October 11-13, 2011  

ONE-P has also applied to 2 other events: The innovation convention in Brussels on 

December 5-6,2011 and the Woluwe Shopping Centre event on October 16-30 2011 but 

was not selected due to the very high number of applications for these events. 



At least 15 articles on the project have been published in the general press, 4 news have been 

published in Cordis wire and the public events have been promoted on Cordis express. ULB 

presented ONE-P as one of the “Star project” at the press conference organized by the 

European Commission on October 7, 2010 and interviews have been realised for FP7 NanoTV 

project and +PlasticELECTRONICS. 

The coordinator, Consortium technical officer and other partners have represented ONE-P at 

numerous events such as the Organic and Large Area Electronics Cluster Meeting, 

Photonics21 Annual Meeting, official inauguration of the Belgian Presidency for the Research 

section, Open Day of the High Level Group on Key Enabling Technologies on Advanced 

Materials and many others.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.1.5 Address of the public website and relevant contact details:  

www.one-p.eu 

  

Prof. Yves Henri Geerts 

COORDINATOR 

 

Université Libre de Bruxelles 

Chimie des Polymères CP 206/01 

Campus de la Plaine 

1050 Bruxelles 

Belgique 

Office: 1C5 108  

Phone: +32 2 650 53 90       

Fax: +32 2 650 54 10 

E-mail: ygeerts@ulb.ac.be 

Website: http://www.ulb.ac.be//sciences/chimpoly/index.html 

 

 

 

 


