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1. Executive Summary 
 
In the Network of Excellence “FlexNet”, 17 participants from 11 European countries worked together in 
order to support Europe in becoming a world leader in Flexible, Organic and Large Area Electronics 
(FOLAE). FlexNet aimed at interlinking Europe's FOLAE expertise in the domains of science, 
technology development, components, and devices and systems integration. A special emphasis has 
been set on the subsequent commercial exploitation of FOLAE-based systems knowledge – especially 
through SMEs – in order to enable wide spread FOLAE-based future business in Europe. 
 
The NoE FlexNet supported the integration process of the scientific excellence of FOLAE-oriented 
European research on Materials, Devices and Systems. Focusing on this aspect of integration of 
scientific excellence, the activity of FlexNet has been complementary to the efforts of the NoE PolyNet 
(FP7 project, duration 01/2008 - 12/2010). In addition, FlexNet integrated excellent scientific capacities 
in the field of FOLAE from Southern and Eastern Europe that had not been sufficiently leveraged until 
then in the European context. 
 
FlexNet partners have identified the organic transistor as the most crucial building block in order to 
realise integrated organic systems. Therefore, the scientific focus of the NoE FlexNet was the 
application of FOLAE-specific Organic Semiconductors as well as Supporting Materials for OTFTs 
including Interface Properties, Barrier Materials, Characterisation, and OTFT Device Integration into 
Systems. Further topics of dedicated attention and activity were the establishment of know-how on 
Devices Characterisation, Systems Integration, Modelling and Design of Systems, and Manufacturing 
Processes for Systems. 
 
FlexNet created a list of critical research issues, i.e. a list of topics representing bottlenecks for the 
progress of FOLAE technologies towards commercial applications. Collaborative research efforts to 
address these issues has yielded scientific publications, oral presentations at conferences and other 
results towards a better understanding of the underlying science and its potential and practical 
realization in FOLAE applications. Organic transistors have been produced and characterized by a 
large variety of laboratories across Europe in what is known as a “round-robin testing”. Thus, both 
measurement schemes as well as the reliability of certain production procedures and the influence of 
storage and transport conditions has been investigated. Scientific publications on those are being 
prepared. 
 
Two system demonstrators have been prepared by the project partners. The aim is to show the 
potential of different assembly techniques (on-foil integration, foil-to-foil integration) for systems made 
up of organic electronics components. A very sophisticated system used the combination of several 
transistors forming an operational amplifier, and an organic photodiode, in order to create a light 
sensor on a flexible foil. Another system is going to be completed after the end of the project in a 
collaboration of universities and small enterprises (SME) in the east of Europe. 
 
Workshops all across Europe have been organized to discuss the exploitation potential of FOLAE 
knowledge available at academic institutions with industrial participants, mostly from small and 
medium-sized enterprises. Three summer schools have been organized to improve education in the 
field, and with the European Observatory on Organic Electronics, a scientific watch service has been 
active to select most important publications in the area of organic electronics. With the “Web Portal on 
Higher Eduation in FOLAE”, a central source of information lists all research groups available in 
Europe and world wide, including key words on courses taught and research topics investigated by 
those groups. 
 
More information on all results of the network can be found at www.noe-flexnet.eu 
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2. Project Context and Objectives 
 
The field of Flexible, Organic and Large Area Electronics (FOLAE) has been progressing significantly 
during the last years. This development has been heavily supported by national as well as European 
funding programmes, and the world reputation of many European research centres is to be seen as an 
indicator for the high innovation potential generated in Europe. Even though Europe had a strong 
position in research, the potential for innovative applications and markets had not been fully developed 
in 2009, the year the idea for the network project ”FlexNet” was born. This was true especially for 
integrated systems with organic thin film transistors (OTFTs) representing one of the most crucial 
basic component. 
 
The European FOLAE research landscape could be characterised by two main features which are 
important in respect of how to structure the European research landscape: 
There was a number of well established regional research FOLAE clusters who tried to overcome 
fragmentation in joint projects like the NoE PolyNet. These clusters were geographically located in 
West-Central and Northern Europe. In the South-East of Europe, there was still very little networking 
activity in the FOLAE area. 
 
Based on this background, the motivations for setting up the FlexNet NoE were the following: 

1. Integration of existing - however fragmented - FOLAE-competences available in South-
Eastern Europe into the already emerging networks like NoE PolyNet. 

2. A stronger scientific effort in the area of OTFTs needed for commercially interesting FOLAE 
systems. 

3. More interactions between research laboratories and industries all across Europe. 
 
In the long term, it is essential to strengthen relationships, interactions, and synergies among the 
various scientific research activities and communities. A stronger inter-European network like FlexNet 
was expected to trigger the scientific understanding, new ideas and innovations in a more effective 
way, especially by interlinking stronger with stakeholders from the South, the East, and industrial 
players. 
 
In spite of tremendous progress in organic electronics and its practical applications, large area organic 
electronics had specific, yet unsolved requirements concerning the materials that could be used for 
large scale production. During the last years, a lot of progress has been made in the development of 
OTFT materials, not only on the synthesis, but also on deposition and integration process control. This 
has resulted in improved OTFT performance. Performance parameters like charge carrier mobility and 
functional stability have increased due to better understanding the relation between material structure 
(crystallisation, definition, purity) and process-related morphology of the functional layers. However, 
important OTFT parameters such as durability and yield still needed to be improved. Since the organic 
transistor will be the crucial component in any integrated organic electronic system, FlexNet decided to 
focus on OTFT devices and their systems integration aspects. 
 
Systems Integration technologies are another key factor for the success of FOLAE technologies. They 
need to be improved for reaching functional and reliable modules. FlexNet set out to analyse the 
available know-how and identify the main pitfalls also in this domain. Essential topics that have been 
addresses were design methodology, modelling, measurement and characterization protocols, 
standards, quality and yield control during and after fabrication of OTFT. 
 
FlexNet was also going to go another step in trying to involve SMEs, in particular from South-Eastern 
Europe, as potential end-users of standardised FOLAE devices. This could open new funding and 
business opportunities for a wider class of industries, in a field which had previously been open only 
for start-ups specialised in FOLAE technologies and large companies. FlexNet thus supported the 
creation of European industry/research collaboration in FOLAE involving also SMEs from South-
Eastern Europe.  
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In order to achieve these overall objectives, three platform with specific objectives have been initiated. 
• A platform FOLAE Materials and Devices Integration, where critical research issues like 

FOLAE-specific materials (organic semiconductors, dielectrics, electrode and barrier 
materials, substrates and their interfaces) and their integration into FOLAE devices have been 
studied. 

• A platform Systems Integration dealing with critical research issues from the fields of 
characterisation, modelling and integration processes for systems. These activities were 
accompanied by the creation of demonstrator systems to prove the progress in research on 
integration techniques. 

• A platform Knowledge, Dissemination and Transfer to industry, through which the 
harmonization of know-how in all FlexNet partner states and its dissemination towards 
industry and the general public has been targeted. 

 
These three platforms regularly exchanged with Industrial and the Scientific Community via a Strategic 
Board and a Scientific Committee. The main objective of the Platforms on FOLAE Materials and 
Devices Integration and on Systems Integration was to establish a sustainable structure for task force 
work on individual critical FOLAE research issues. This lead to multilateral cooperation efforts of the 
FlexNet partners in different combinations and teams. 
 
Internally, the project was made up of five work packages (WP), three of which coincided with the 
three platforms outlined above. 
 
WP1 was devoted to the definition and the assessment of the Critial Research Issues (CRIs) by the 
entire FlexNet consortium. In particular, the activity in this WP included: 

• The assessment of the viewpoints of all partners and various industries on the CRIs selected 
by the consortium. 

• The collection of a series of analyses made by the partners concerning the lessons learned by 
them during the FlexNet project, and the FOLAE scenario in their own national territories. 

• The analysis of the main achievements towards the selected CRI in the technical work 
packages WP2 and WP3. 

• Suggestions to a Strategic Reseach Agenda about FOLAE in Europe, coming from the 
analysis of the points (1-3) 

 
WP 2 consisted of the platform FOLAE Materials and Devices Integration. It comprised: 

• The set up of specialized sub-groups of partners within the consortium, so called task forces. 
• Experimental scientific research within those task forces aimed at the verification and possibly 

the resolution of the identified research bottlenecks (WP1) in the fields of synthesis of new 
materials, their characterization and integration into OTFT devices. 

 
WP3 and the platform Systems Integration was related to the characterization of devices, their 
integration into systems, and the modelling and design tools necessary for this aim. Topics covered 
were: 

• Integration techniques like foil-to-foil or on-foil integration, performance and reliability of 
devices to be used for integration, or predicition of systems performance based on modelling 
of devices. 

• Round robin testing of OTFT devices on different substrates 
• Components and sub-system fabrication for integrated system demonstrators. 
• Creation and update of a compact OTFT model by incorporating other models like the 

subthreshold current model. The models have been made available in MATHCAD and 
Verilog-A codes to all partners, which were sent to the FlexNet partners. 

 
WP4 with its platform for Knowledge, Dissemination and Transfer to industry included activities such 
as: 

• The European Observatory on Organic Electronics (EOOE) scientific watch reports. 
• Incentive workshops in order to involve industry in regional and local discussions together with 

academic and other stakeholders, detailing the opportunities of FOLAE technology 
• Organization of summer schools for FOLAE topics 
• Developing a picture of existing and further necessary higher education in the field of FOLAE 

in Europe by mapping available courses world wide. 
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3 Main S&T results (foreground) 
Critical Research Issues (CRIs): 
CRI-1 - Air stability of materials and device fabrication  
CRI-2 - Lifetime 
CRI-3 - Measure and increase channel mobility 
CRI-4 - Determine material properties - evaluate ultimate performance . 
CRI-5 - Evaluate and decrease performance dispersion 
CRI6 - Foil-to-foil integration 
CRI7 - On-foil integration 

3.1 Highlights in WP1 
Publication of a white paper on CRIs, and recommendations by the FlexNet consortium. 
These two documents can be found at http://www.noe-flexnet.eu/public/critical-research-issues 

3.2 Highlights in WP2 
 

Task Force 2.1 – Organic Semiconductors with focus on OTFTs 
 

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 
Collecting of data on commercial organic semiconductors and 
conductors – completing the database of the materials for 
organic electronic devices 

CRI-1 
WUT, ENEA 

TF2.6 

Synthesis and characterization of high electron affinity and 
ionization potential, solution processable arylene bisimides core- 
or N-functionalized with triarylamine 

CRI-1 
CRI-4 

WUT, CEA, IMC, 
UALG, ENEA 

TF2.5 

Synthesis and characterization of high electron affinity, solution 
processable semiconductors obtained via N-functionalization of 
naphthalene bisimides with alkylaryl, and  alkylthienylphenyl 
substituents 

CRI-1, 
CRI-4 

WUT, TUL, ENEA, 
AUTH, UALG, IMC, 

TF2.5 

Synthesis and characterization of new family of solution 
processable organic semiconductors, namely  
tetraazaanthracene tetraesters 

CRI-1 

CRI-4 

WUT, TUL, AUTH, 
IMC, UPAT 

TF2.3, TF2.5 

Synthesis and characterization of solution processable new 
semiconductors of 2,5-di-thiophene-[1,3,4]thiadiazole family 

CRI-1 

CRI-4 

WUT, IMC, ENEA, 
TUL 

TF2.5 

Synthesis and characterization of arylene bisimides N- and core 
functionalized with alkoxyphenylene (electron-donating) groups 

CRI-4 
WUT, TUL, ENEA 

TF2.5 

Synthesis and characterization of arylene bisimides N-
functionalized with thiazole (electron accepting) groups 

CRI-4 
WUT, UALG, 

TF2.5 

Several derivatives of tetraazapentacenes have been 
synthesized and their application in FETs tested. 
Heteropentacenes alkylated on the nitrogen atom were soluble 
in organic solvents and film forming by dip coating. 

CRI-1 
CRI-4 

IMC, TUL 
TF2.5 

Synthesis of highly regioregular poly(3-hexylthiophene)  
CRI-4 

CRI-3 

CNRS-Bordeaux,  
IMC, ENEA  

TF2.5 

Synthesis of novel soluble semiconductors: poly(2,7- R-
carbazole-alt-benzothiadiazole)s and poly(3,6-R-carbazole-alt-
benzothiadiazole)s (R=C12H25) with different molar masses 

CRI-1 
CRI-4 

CNRS-Bordeaux, 
WUT, UPAT, IMC, 

TUL, ENEA 
TF2.3, TF2.5 
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Task Force 2.2. – Dielectrics and Conductors 

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 

A list of commercial metallic and conductive polymeric inks has 
been prepared to complete the database of the materials for 
organic electronic devices 

CRI-1 
ENEA, WUT 

TF2.6 

Collaborations with partners to study some newly synthesized 
insulators to test them in the OTFTs CRI-1 

ENEA, CNRS-
Bordeaux 

TF2.5, TF2.6 

Development and optimization of Parylene C deposition 
technology for its application as dielectric  in OTFTs. 
Comprehensive studies on an influence of the thickness of the 
Parylene dielectric layer and its deposition procedure on the 
leakage current. 

CRI-1 
TUL, AUTH, WUT 

TF2.5, TF2.6 

Polypyrrole/Ag composites were developed with the maximum 
conductivity of 103 S cm-1.They were formulated for printing 
using colloid stabilizers. 

CRI-4 
IMC,  CRNS  

TF2.6 

 

Preparation and characterization of commercially available 
polymeric dielectrics (polymethylmethacrylate and 
polyvinylphenol) towards their application in solution-based 
OTFTs, either as stand-alone gate dielectric layer or as buffer 
layer in inorganic oxide insulators. 

CRI-4 
AUTH, TUL 

TF2.6 

Preparation and characterization of dielectric polymers received 
from CNRS-Bordeaux: poly(vinyl-1,2,4-triazole) (PVT); 
poly(vinylidene-difluoride)-ran-(trifluoroethylene) (PVDF-TrFE 
50/50 & 70/30) 

CRI-4 
AUTH, CNRS-

Bordeaux 

TF2.6 

Synthesis of novel dielectric material poly(1-vinyl-1,2,4-triazole) 
CRI-1 
CRI-4 

CNRS-Bordeaux , 
AUTH, ENEA 

2.5, 2.6 

Poly(vinylidenedifluoride)-ran-(trifluoroethylene) (70/30 & 50/50) 
dielectric materials were distributed among partners for 
characterization 

CRI-1 
CRI-4 

CNRS-Bordeaux , 
AUTH, TUC, ENEA 

2.5, 2.6 

Study of organic capacitive structures using biopolymers. Some 
materials as DNA-CTMA, DNA-BZK, and PEDOT were studied 
from the point of view of electrical behavior. Results show that 
DNA-CTMA and DNA-BZK can be good insulators and they can 
be used in the fabrication of capacitive structures. 

CRI-4 
UPB,  
TF2.5 
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Task Force 2.3 – Interfaces. 

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 

Synthesis of differently substituted napthalene and perylene 
bisimides to study the semiconductor/electrodes (Au, Al) 
interfaces 

CRI-4 
UPAT , WUT 

TF2.1, TF2.5 

Study of the effect of some surface and thermal treatments 
applied to insulators for the OTFTs, to simplify the processes 
and improve the performances of the devices 

CRI-4 

CRI-1 

ENEA, UPAT, 

TF2.5 

Insight into non-linear electrical properties of organic based 
transistors was obtained. Namely about the concave or supra-
linear I-V characteristics often named as “contact effects” are not 
caused by the contact electrodes as generally assumed, but by 
traps in the organic semiconductor or in the dielectric surface.. 

CRI-4 
UALG, TUL, UPAT, 

URV 
TF2.5 

Study of the interfaces formed in-situ between metal and organic 
semiconductors in organic electronic devices. 

CRI-3 
TUL, WUT, UPAT, 

UALG 

TF2.1, TF2.5 

Study of the interfaces formed in-situ between metal and N-
functionalization of naphthalene bisimides with alkylaryl, and  
alkylthienylphenyl substituents 

CRI-4 UPAT, WUT 

TF2.1, TF2.5 

Study of the effect on carrier injection barrier by the insertion of a 
transition metal oxide layer between ITO and organic 
semiconductor in OPVs. 

CRI-4 

CRI-1 
UPAT, CNRS, CEA 

TF2.5 

Study about the resistance of source and drain contacts of 
organic transistors with Polytriarylamine (PTAA) semiconductor. 
The results are extracted in accordance to the Transfer Line 
Method (TLM)  

CRI-4 UPB, CSEM, VTT,  

TF2.5 
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Task Force 2.4 – Barrier materials . 

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 

Barrier Calcium Tests of Parylene C for its potential application 
as the protective layer in organic electronic devices.  

Deformation of the 200nm thick Parylene-C barrier was 
plastically deformed and has low adhesion. 

The Calcium Test showed that the WVTR is 7.72gr/m2day 

CRI-1 

CRI-2 

TUL, AUTH, CSEM, 
CEA 

TF2.5, TF2.6 

Commercially available barrier films 3M HB200 were tested:  
The absence of any discontinuities denotes that the barrier 
coating remains adhere to the PET substrate with relative rough 
surface. 
The WVTR measurements at 8.9 g.m-2.d-1 

CRI-1 

CRI-2 

AUTh,CEA 

TF2.6 

Commercially available barrier films Mitsubishi XNB2AA were 
tested:  

AUTH: the WVTR of the as received barrier foil without any 
deggasing procedure (baking) was calculated to 10-1 gr/m2day 
(40°C,100% RH) 

CEA reported a value of 4.5×10-2 gr/m2day (38°C, Saturated 
Humidy) for the same foil.  

Both measurements are accepted as the material datasheet 
reports 5×10-2 gr/m2day at 40°C and 90% RH. 

CRI-1 

CRI-2 

AUTh ,CEA 

TF2.6 

Commercially available barrier films were tested.  

OIKE VX-25T-2PO:  

AUTh: the WVTR of the as received barrier foil without any 
deggasing procedure (baking) was calculated to 10-2 gr/m2day 
(40°C,100% RH) 

CSEM: Ca was oxidized within 1 night inside the glovebox, 
probably due to water residues inside the PET even after baking. 

OIKE VX-100N-2PO: 

AUTh: the reported value of the supplier is out of the detection 
limit 

CSEM: the Ca test WVTR:1.19×10-3 g/m2×day (optical Ca-test) 
& 5.19×10-4  g/m2×day  (electrical Ca-test) 

CRI-1 

CRI-2 

AUTh,  CEA,CSEM 

TF2.6 
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Task Force 2.5 – Characterization of materials. 

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 
DFT theoretical calculations on asymmetrically substituted 
naphthalene bisimide and thiadiazole derivatives gave a 
background of understanding of the role of the side groups on 
the ground state and excited states energy levels of these 
materials  

CRI-3 
IMC,  WUT 

TF2.1 

On the example of highly regioregular poly(3-hexylthiophene) it 
has been proved that the negative electric field dependence of 
the mobility is not an artifact obtained due to the effect of 
diffusion of charges but it is the real effect of the charge drift 
caused by the electric field. The explanation might be in the 
saturation of the charge drift speed at high electric field. 

CRI-2 
CRI-4 

IMC, CNRS-
Bordeaux 

TF2.1 

Electrochemical and spectroelectrochemical (UV-Vis, Raman) 
characterization of newly synthesized (by other partners) 
semiconductors. 

CRI-4 
WUT, CNRS-

Bordeaux 

TF2.1 

Synthesis and measurements of the series of differently 
substituted naphthalene bisimides to elaborate the correlation 
between IP measured by photoelectron spectroscopy and by 
cyclic voltammetry 

CRI-4 
WUT, UPAT 

TF2.1 

Collaboration with partners to determine the values of some 
characteristic parameter of new organic semiconductors, when 
applied in OTFT structures fabricated with different deposition 
techniques 

CRI-4 
ENEA, IMC, TUL, 

WUT, URV 

TF2.1 

Quantification and understanding about the different electrical 
instabilities observed in n-type organic transistors based on 
naphthalene bisimide was obtained.  
In contrast with the well-know gate-bias stress effect, n-type 
organic semiconductors suffer from an electrical instability that 
leads to an increase in the transistor off-current. The kinetics of 
this instability was studied and a physical mechanism was 
proposed. 

CRI-2 
CRI-4 

UAlg, TUL, UPAT, 
TF2.1 

 

Adaptation of the zone-technique as Material Testing Vehicle for  
producing of highly oriented thin semiconductor layers for high-
mobility OTFTs. 

CRI-3  

CRI-4 

TUL, WUT, AUTH, 
ENEA 

TF2.6 

New organic semiconductors synthesized by WUT were 
characterized by X-Rays Diffraction and Atomic Force 
Microscopy. 

CRI-4 
AUTh, CNRS, TUL, 

WUT, IMC 

TF2.1 

New polymeric dielectrics were characterized by Atomic Force 
Microscopy and Capacitance measurements. 

CRI-4 
AUTh, CNRS, TUL, 

WUT, IMC 

TF2.2 

Preparation and characterization of dielectric polymers received 
from CNRS-Bordeaux: -poly(vinylidenedifluoride)-ran-
(trifluoroethylene) (PVDF-TrFE 50/50 & 70/30) 

CRI-4 
UPAT, CNRS 

TF2.2 

New dielectrics of poly(1-vinyl-1,2,4-triazole) were molecularly 
and thermally characterized – proved to be thermally stable 

CRI-4 
CNRS-Bordeaux , 

AUTH, ENEA 
2.1, 2.6 
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Molecular and thermal characterization of solution processable 
new semiconductors of R-carbazole-alt-benzothiadiazole family 
– proved to be thermally stable 

CRI-4 

CNRS-Bordeaux , 
WUT, UPAT, IMC, 

TUL, ENEA 
TF2.1, TF2.6 

Study of current capabilities of PEDOT:PSS depositions. 
Different tracks deposited on PEN were loaded with relatively 
high current in order to define a safe operating area in 
applications. 

CRI-4 
UPB,  
TF2.2 

Study of capacitive structures produced by printing technology. 
Planar parallel plate configuration of capacitors  were realized 
using silver ink for plate layers and poly-4-vinylphenol (PVP) for 
dielectric. The measurement data were extracted from a low 
frequency impedance analyzer. 

CRI-4 
UPB, UAB 

TF2.2 

 
 

Task Force 2.6 – Processing and devices integration . 

Foregrounds/ Research Highlights CRI Partners and 
related Task Forces 

The partners of this Task established as main objective to 
evaluate the influence of various deposition techniques and 
process conditions, for the semiconductor and the insulator, on 
the performances of the OTFTs, and to test new materials 
developed in other Tasks 

CRI-1 

ENEA, CEA, VTT, 
TUL, AUTH, UALG, 

WUT, CNRS-
Bordeaux, IMC, 

UPAT, CSEM, UAB, 
TUC 

Fabrication of working OTFTs on glass, using many different 
materials, deposition techniques, interfaces treatments and 
devices architectures 

CRI-1 
CRI-5 

ENEA, TUL, IMC, 
AUTH, UAB 

TF2.5 

Fabrication of OTFTs on flexible plastic substrates (PEN): 

• Bottom-Contacts Top-Gate architecture, 
• TIPS-pentacene as semiconductor, 
• PVP as insulator, 
• Gold contacts, 
• Identified and routinely applied the photolithographic 

processes for deposition and patterning of the metallic 
contacts on PEN, 

• Developed the recipes and the processes to obtain 
homogeneous and continuous layers of the different organic 
materials, also when deposited one on another one 

CRI-1 

CRI-2 

CRI-3 

ENEA, TUL, IMC, 
VTT 

TF2.2, TF2.5 

Fabrication of working OTFTs on flexible plastic substrates 
(PEN) using ink-jet printing technique: 

• Bottom-Gate Bottom-Contacts architecture, 
• TIPS-pentacene as semiconductor, 
• Ink-jet printed PVP as insulator, 
• Ink-jet printed Silver contacts 

CRI-1 

 

UAB , ENEA 

TF3.2 

Design of the layout for the Bottom-Contacts Top-Gate 
architecture of the OTFTs to fabricate in this Task and for RRT2 
of the devices. 

CRI-1 
ENEA, CSEM, TUC 

TF2.2, TF2.6, TF3.1 

Preparation and distribution to all the partners some PEN 
substrates with gold pads, and the shadow masks for deposition 
of the gate contacts for the fabrication of the devices with the 
agreed common layout, also for the RRT2 of the devices. 

CRI-1 

ENEA, TUL, CSEM, 
UAB, CNRS-

Bordeaux, AUTh, 
TUC 

TF2.6, TF3.1 
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Processing and fabrication of high-performance (high mobility, 
low turn-on voltage, no hysteresis) organic thin film transistors 
based on n-type organic semiconductors 

CRI-3 
TUL, WUT 

TF2.1, TF2.5 

Collaborations with partners to perform comparative studies on 
an influence of various techniques (spin-coating, zone-casting, 
blade-coating) and process conditions used for deposition of the 
semiconductor and the dielectric, on the performance of the 
OTFTs. Such studies were applied also for new materials 
developed in the frame of FLEXNET project. 

CRI-1 

CRI-2 

CRI-5 

TUL, ENEA, CEA, 
AUTH, UALG, WUT, 

CNRS-Bordeaux, 
IMC, UPAT, CSEM, 

UAB, TUC 

TF2.1, TF2.5 

Successful discussions and collaborations with partners, along 
all the duration of the Project, to achieve the planned objectives 

CRI-1 

ENEA, CEA, VTT, 
TUL, AUTH, UALG, 

WUT, CNRS-
Bordeaux, IMC, 

UPAT, CSEM, UAB, 
TUC 

All TFs and WPs 
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3.3 Highlights of WP 3 

Task Force 3.1 – Devices Characterisation 

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 

Collaboration with partners to characterize the OTFTs made on 
Silicon substrate for the round-robin test RRT1 of the devices 

CRI-1 
CRI-2 
CRI-3 
CRI-5 

CSEM, ENEA, TUC 

Preparation of all the PEN substrates with Gold pads, for the 
fabrication of the OTFTs on plastic for the RRT2 of the devices. 
The agreed common layout, designed in TF2.6, has been 
applied 

CRI-1 
CRI-2 
CRI-3 
CRI-5 

ENEA, CSEM, VTT 

Collaboration with partners to characterize the OTFTs made on 
PEN for the RRT2 of the devices 

CRI-1 
CRI-2 
CRI-3 
CRI-5 

CSEM, TUC 

A quantitative method to benchmark (against other technologies) 
the operational stability of organic based transistors was tested 
in transistors fabricated in the FlexNet project. 

CRI-1 
CRI-5 

CSEM, UAlg 

A fast method to evaluate transistor operational stability against 
bias stress was implemented. The method can be used by the 
industry. It is proposed as a measuring standard. 

CRI-5 CSEM, UAlg 

Collaborations with partners towards standardization of OTFT 
characterisation: preparation procedures, Round-Robin-Test and 
Workflow for determination of OTFTs parameters 

CRI-1 
CRI-3 

CSEM, VTT, ENEA, 
TUC ULAG, TUL, 

IMC, UNICT, URV, 
UPB, UAB 

TF2.5, TF3.2 

Realisation of the 1st and 2nd Round-Robin-Tests: measurements 
of the current-voltage characteristics for the series of OTFTs 
fabricated on SiO2 and on flexible substrates and calculation of: 
mobility of charge carriers, threshold voltage and ON/OFF ratio. 

CRI-3 
CRI-5 

CSEM, TUL 

TF2.5, TF3.2 
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Task Force 3.2 – Systems Integration  

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 

Study of the behaviour vs. time of OPDs made on plastic under 
light stress, for the DEMO2 circuit 

CRI-6 
CRI-7 

CSEM 

Realization of a demonstrator system DEMO1. 

Fabricating and providing printed batteries as a source energy 
for DEMO1 

CRI-6 
CRI-7 

TUC, UAB, ENEA, 
UPB 

Realization of a demonstrator system DEMO2 in 2 versions, one 
using foil-to-foil, the second using on-foil integration processes. 

CRI-6 
CRI-7 

CEA, CSEM, UNICT, 
UPB 

Establishing a cooperation with SME QWERTY (Poland) and 
COC (Czech Republic): design of an electrical diagram and 
topology of electrical paths for demonstrator 3 RS Flip-Flop.  

CRI-1 
CRI-5 

TUL, IMC, 
QWERTY, COC 

TF2.6 

Realisation of the demonstrator 3 RS Flip-Flop in collaboration 
with SME QWERTY (Poland): screen-printed conductive paths 
on flexible PEN substrate, deposition of semiconducting layers 
(NBI-4-n-BuPh and TIPS-pentacene) by means of zone-casting, 
deposition of Parylene C dielectric and gate electrodes. 

CRI-1 
CRI-5 

TUL, QWERTY 

TF2.6 

 
 
 

Task Force 3.3 – Device and Systems Modelling and D esign  

Foregrounds/ Research Highlights CRI 
Partners and 
related Task 

Forces 

Application of the analytical models developed by URV to 
determine the values of some characteristic parameters of the 
OTFTs from their measured J ÷ V data 

CRI-1  
CRI-2  
CRI-3  
CRI-4 
CRI-5 

URV 

Insight into non-linear electrical properties of organic based 
transistors was obtained. Namely about the concave or supra-
linear I-V characteristics often named as “contact effects” are not 
caused by the contact electrodes as generally assumed, but by 
traps in the organic semiconductor or in the dielectric surface. 

CRI-4 
UAlg, TUL, UPAT, 

URV 

TF 2.3 
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3.4 Highlights in WP 4 
 
TF 4.1:  European Observatory for FOLAE Components and Systems Integration EOOE 
 
10 EOOE meetings have been organized in the 2008-2012 period, as follows: 
 
EOOE1: Linkoping Univ. (Sweden), 01/04/2008. 
EOOE2: Univ. Paris Diderot (France), 15/10/2008. 
EOOE3: Lodz Univ. (Poland), 06/04/2009. 
EOOE4: TNO Eindhoven (Holland), 30/09/2009. 
EOOE5: MINATEC Grenoble (France), 16/03/2010. 
EOOE6: Berlin (Germany), 16/10/2010. 
EOOE7: Barcelona (Spain), 13/04/2011. 
EOOE8: Patras Univ. (Greece), 24/10/2011. 
EOOE9: Bucharest (Romania), 26/03/2012. 
EOOE10: Ravello (Italy), 26/09/2012. 
 
According to the experts, EOOE has been a very fruitful experience. For all participants, it was a great 
opportunity to exchange and discuss about the development in the Electronic Organics area. The 
regular meetings enabled continuous scientific and technological watch that efficiently completed the 
Electronic Organics watch done by OMNT experts (http://www.omnt.fr/index.php/en) and, 
consequently, the joint EOOE-OMNT reports (twice per year) constitute a highly valuable tool for the 
Flexnet partners (as mentioned by the members themselves) as well as the entire scientific 
community. 
 
Indeed, publishing the best of the world scientific and technological literature (articles, patents, 
international conference reports…), the watch reports contain 20 to 30 articles, selected and 
commented by the experts in a short text. These reports offer a unique viewpoint of the current 
developments in Electronic Organics, including topics such as devices, materials, architectures, 
processes, and Manufacturing. EOOE reports provide an excellent focus on the state of art of the 
domain and constitute an easy access to a critical bibliography. 
 
Despite the end of the FLEXNET project, the experts strongly suggested that EOOE should be 
maintained and some ideas already emerged to find a financial support (logistic mainly: experts 
transportation…), OMNT remaining in charge of the consortium. For instance, scientific journals could 
be interested by the scientific watch provided during the EOOE meeting and would support EOOE 
activities. OMNT is currently looking for a possible editor partner. On the other hand, efforts will be 
done to propose the EOOE strategic watch to established European network (COLAE…) as well as 
regional industrial clusters (Plastipolis, France…). 
 

TF 4.2: Research Advisory Service (RAS) 
 
FlexNet Research Advisory Service (RAS) was established to help and encourage companies to take 
up FOLAE technologies for their system and end-product applications. This was planned to be 
achieved by facilitating company involvement especially from South East Europe by providing an easy 
access to FlexNet expert resources and infrastructure. RAS activities were also planned to be used as 
a platform to exchange knowledge in between research network and industry by technology 
demonstrators and in collaboration with other FOLAE networks. 
 
According to reviewers’ comment FlexNet RAS was aiming to learn from PolyNet problems and hence 
working model was planned to be established according to companies’ needs. Therefore, a 
questionnaire for companies and FlexNet partners were made to find out the best model. Company 
questionnaire was at the beginning distributed via regional intensive workshops organized by FlexNet. 
Unfortunately, such a questionnaire did not lead to sufficient information flow and therefore FlexNet 
partners were contacted personally to various companies which eventually result sufficient amount of 
feedback. 
 
Despite the success in regional intensive work shops and amount of participants, the FlexNet was still 
unable to identify industrial demonstrator to be realized by FlexNet RAS activities. Nevertheless, a 



 

NoE FlexNet / FP7 GA 247745 15 Final Summary Report 

short description about findings from company questionnaire’s is given in D4.2.3. and nice 
collaborative activities with industrial have been obtained (listed in D4.2.3). 
 
In the third period, we have established a new strategy with a new RAS questionnaire directly 
presented during the workshops. This strategy is detailed in the deliverable D 4.3.6., it combines some 
recommendation about workshop organization and the definition of rules to present concretely the 
RAS in order to have a better response rate. Even if the RAS service did not reach a fully operational 
stage during the project, we expect the experience acquired and recommendations could be useful for 
future network projects with a similar service planned. 
 
TF 4.3: Training Activities and Incentives Workshop s 
 

The main goal oft he workshops is to combine local stakeholders, SMEs and other regional interest 
groups in order to inform and involve this local audience about current efforts and trends and to 
identify opportunities through Flexible, Organic and Large Area Electronics (FOLAE). In addition, to 
ensure a well comprehension of local companies and to decrease the doorstep for participation, the 
presentations proposed are made in the local language. 
 
14 incentive workshops have been organized in the project Flexnet (4 in 2010, 4 in 2011 and 6 in 
2012). It was every time a great success with many industrial attendees; The geographical spread 
(see below) demonstrates most of these workshops were organized in the south and East of Europe, 
which was required in the FlexNet Objectives. 
 

 
Geographical spread of Flexnet workshops 

 
 
The general agenda of those workshops contains a talk introducing general economic data on the 
field, already existing networks (OE-A, POLYNET, FLEXNET, EOOE) and their role, one or two talks 
generally explaining the European and local state of R&D and industry activities in FOLAE and one or 
more talks of companies presenting their already established or debuting activities in FOLAE. If 
possible a talk on a particular application field of FOLAE can be proposed. A strategy for a better 
control of the content and the organization of these workshops has been done after the second period 
(D4.3.5) 
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TF 4.4: FOLAE-specific higher education 
 The mapping report to give a good overview about FOLAE activities in the FlexNet member countries 
(Germany, France, Finland, Poland, Italy, Greece, Portugal, Spain, Romania, Czech Republic, and 
Switzerland) and also provide information about North America, further European countries and Asia 
has been done.  
For the findings, TUC has been identified research groups in the field of FOLAE first via Internet 
research by looking through FOLAE conferences, collaboration lists of already found research groups 
and by asking ‘respective country experts’. After the identification, all needed information (defined by 
TUC in order to be suitable for publishing the information on the web portal) had to be found out via 
internet research. Especially challenging was finding information on offered courses or degree 
programs in the field. TUC managed to identify 629 research groups in 36 different countries active in 
FOLAE.  
• In Europe: 394 research groups in 22 different countries  
• In North America: 111 research groups in 2 different countries  
• In Asia, Oceania and Africa: 124 research groups in 12 different countries  
 
Three deliverables relating to mapping activity have been submitted. These mapping results will be 
used as the main database for the webportal FOLAE Higher Education. Interested people can easily 
access to the webportal and get information about research groups/institutions in worldwide.  
 
1. Questionnaire:  
https://bildungsportal.sachsen.de/survey/limesurvey/index.php?sid=62675&newtest=Y&lang=en  
TUC handed in the Deliverable D4.4.4 update questionnaire in M16. Until M16, TUC managed to 
evaluate the questionnaire and publish the results. In order to do improve the response rate, TUC 
went through the member list of the OE-A and identified all industrial members. Furthermore, TUC 
tried to find a contact person. Afterwards, an E-Mail invitation to fill the questionnaire was sent to the 
contact person in Jan. and again in Feb. 2011., The questionnaire was again addressed in the 
February OE-A newsletter of 2011. Moreover, Dario della Salla (ENEA) introduced the questionnaire 
to Italian companies. This increased the response rate and TUC received 61 responses from 13 
different countries.  
All activities of TF4.4 have also been advertised on the OE-A wiki platform. This was done because it 
helps to disseminate the activities within FlexNet since the platform is hosted by the OE-A and so well 
known to its members.  
 
2. Web portal FOLAE Higher Education:  
http://bpr.mb.tu-chemnitz.de/flexnet-education/  
The web portal is already set up, the Milestone M4 FOLAE higher education web portal set-up is 
reached. The web portal is constantly being updated with the findings of the mapping. After the 
questionnaire was updated and evaluated, the results have also been published on the web portal. 
Two deliverables D4.4.6 of Web portal FOLAE Higher Education have been submitted.  
 
3. Concept for European Knowledge transfer includin g a concept for a joint European master 
study:  
TUC carried out an inventory of already publicly available courses in the field of FOLAE combined with 
a survey asking the industry via the Organic Electronics Association (OE-A) about their educational 
needs in the field. By analyzing all available courses and needs in the field of FOLAE, we proposed a  
method to build up an education/training program which is sufficient to the requirements of 
education/training administrators.  
By using the mapping results and education/training program building method, the 
knowledge/experience in the field of FOLAE can be transferred/exchanged among European research 
institutions/groups. A concept for a joint European master study in the field of FOLAE offered by 
several European universities/institutions has not been proposed because FOLAE is highly disciplinary 
field and a lot of effort should be done to make it really effective.  
Deliverable D4.4.7 concerning this work has been submitted. 
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4 Impact 
 
In view of the fragmentation of the FOLAE research landscape in Europe, FlexNet has helped to 
integrate excellent new partners from the South and East of Europe into the existing clusters and 
networks of strong research partners all across Europe. Through all the instruments mentioned before 
as highlights of WP4, FlexNet has been able to reach out to local and regional stakeholders from 
politics, academia and industry, and there especially SMEs. New contacts have been developed 
between research centers and universities and interested industrial representatives in their vicinity or 
country. As a result, new networks and organizations for FOLAE topics have been created in various 
countries like Spain, Poland or the Czech Republic. Large national projects have been initiated thanks 
to the new contacts between partners with the relevant expertise. The topic of FOLAE has been 
communicated widely within Europe, both to specialist audiences as well as the general public. 
 
In terms of scientific impact, the list of highlights from WP2 and WP3 given above demonstrates that 
significant progress has been made in Europe towards an understanding of FOLAE technologies and 
the processes necessary to utilize them. Thanks to the FlexNet networking project, universities and 
research centers have combined their efforts to investigate a vast range of topics from material 
properties and integration techniques to the stability of devices. An impressive list of over 160 
dissemination activities and over 30 peer-reviewed publications by all partners in the project shows 
their commitment to turning this scientific progress into exploitable innovation. There has even been 
the application of one patent as a result of this networking project. 
 
In the following paragraphs, the partners have tried to summarize some more specific benefits of this 
project, impacting their national situation or their potential for activities across Europe. 
 
VTT: 
During the FLEXNET project, VTT has arranged national “Eemeli”-workshops aiming to build up new 
national projects in the area of electronics manufacturing. Totally 11 workshops have been arranged 
and in the area of printed electronics they have led to several national collaboration projects as well as 
EU SME proposals. Also, VTT knowledge about manufacturing, characterization and integration 
together with broad knowledge about various different FOLAE components has been widely utilized. 
As a part of this project, Andreea Bonea from UPB CETTI (Romania) worked at VTT for three months. 
Networking activities that had been started already before FLEXNET-project were continued and 
enlarged. These activities will be also continued in the current COLAE project coordinated by VTT. 
 
CNRS: 
Through the participation in the FlexNet meetings and the interaction with the other FLEXNET 
partners, CNRS-Bordeaux benefited from several points of view, such as the different approaches 
concerning the critical research issues and their interaction with the industry, the more sophisticated 
characterization and processing techniques etc. Moreover it was a good opportunity to get familiarized 
with round robin concepts, demonstrator fabrication and modeling. 
 
AUTH and UPAT:  
UPAT based on the experience acquired by FLEXNET participation has applied for a research project 
in the national project call “Excellence II” regarding the “Material Interfaces for Organic Electronics” , 
which is under evaluation. The experience and the knowledge acquired by UPAT during FLEXNET will 
be very useful for further collaboration with partners working in the field and they will help to the 
development of the OLAE technologies in the Greek landscape. Concerning AUTh, all acquired 
expertise and knowledge (projects & collaboration within FlexNet) will create a basis for further 
development of OLAE/FOLAE not only in AUTh but also in Greece. 
 
ENEA: 
The work of surveying educational and training centres about OLAE in Europe and the world will be 
useful to ENEA, in order to push possible national efforts in these fields, towards a realistic integration 
(not the replication) of what is going on in other parts of EU and the world. The new competences and 
strengths acquired by ENEA during FLEXNET are and will be aimed to further develop and deepen 
the collaborations with partners, and will help ENEA to disseminate more effectively the OLAE 
technologies in the Italian industrial landscape. 
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TUL and WUT: 
Both TUL and WUT have actively participated in students exchanging with other FlexNet partners. The 
obtained results will be involved in a forms of PhD thesis of the visiting students. A Polish network for 
FOLAE technologies and valuable new partners within Poland will be a great basis for future projects 
and the uptake of FOLAE within the Polish economy. 
 
UALG : 
UAlg team benefited from significant exposure to large international community. The international 
visibility of the group increased substantially and leads to a large number of collaborative links with 
partners in Europe not only with the FlexNet network but also with other research groups. An example 
of this of the partnership in other European project with the objective to develop a methodology to 
enable applications of printed electronics. The project is named Technology Design Kit for Printed 
Electronics (TDK4PE) and is managed by the Autonomous University of Barcelona. Being part of the 
FlexNet also promoted UAlg as a member of the D-64-printed Electronics Final Assembly 
subcommittee Roster, established by the IPC association Connecting Electronic Industries. The 
objective of this committee is to establish standards for printed electronics.  
The UAlg expertise on electrical measurements was exposed and the number of requests by other 
European groups to perform electrical measurements or to provide training in electrical measurements 
has increased. 
 
UPB: 
The new expertise and competences obtained by UPB-CETTI during the three years of the FLEXNET 
European project will be the starting point for further research and engineering work in OLAE/FOLAE, 
and will keep/improve the excellent professional connections and scientific collaboration with the 
actual partners. One of the main targets of CETTI will be to participate to future European projects in 
the field of OLAE/FOLAE. Two student exchanges with FlexNet partners have created a great 
possibility to gather know-how from other European countries and integrate with the exisiting 
expertise. 
 
UAB: 
As a conclusion, the new expertise and competences obtained by UAB during the three years of the 
FlexNet project will improve the link and scientific collaboration with the partners involved and will help 
us to participate to future European projects in the field of OLAE/FOLAE. With new networks and 
connections within Spain (PEC4), we will also be able to improve national cohesion of research 
activities. 
 
CSEM: 
CSEM has a unique set of capabilities in Switzerland in terms of design and realization of OLAE 
systems including OTFTs OLED, OPVs as well as integrated devices including printed sensors. Given 
the relatively large range of specialized industrial production, several end user companies are 
interested for evaluating OLAE solutions for instance in the area of printable sensors for biotech 
applications. Several products such as OLEDs and OPDs begin to be known. In the future it will be the 
task of follow-up projects and close collaboration with industry to increase number of OLAE products 
and their visibility and potential use in cost effective system integration. 
 
UNICT: 
Through round-robin testing, the construction of demonstrator system and other collaborative efforts in 
FlexNet, the UNICT was able to generate very usefull outcome. In the FOLAE environment, UNICT 
also took advantage of a close collaboration with STMicroelectronics, ITALY within another FP7 
project on organic electronics (i.e., COSMIC). 
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TUC: 
TUC has gained useful information and knowledge of processing technologies, round robin test 
measurements and device fabrication through the collaboration with other FlexNet partners. TUC has 
also collected a lot of information about research groups/institutes which are active in OLAE/FOLAE in 
the entire world, especially in Europe. This helps to build up a useful database relating to research 
groups/institutes in the field of OLAE/FOLAE. Moreover, this database is used to disseminate the 
information and knowledge of OLAE area to interested people. Within FlexNet, TUC members have 
well cooperated with other scientists in the same research field and established good collaborations 
with other FlexNet partners’ members. These collaborations will be continued and more developed in 
other project after FlexNet. 
 
IMC: 
As an example of the dissemination activities a new national Czech technology oriented project 
Flexprint can be listed. Here the group of interested people from 3 research institutions (including IMC) 
and 4 industrial companies has been formed during the incentive workshop in 2010 and further 
education has been performed during the following period. As a result this group succeeded with 
submitting a joint project on printed organic electronics “Flexprint” submitted to the Technology Agency 
of the Czech Republic. It is focused on smart textiles, smart packaging and printed security 
identification systems; the project duration is 8 years. 
 
CEA: 
Networking activities started already before FLEXNET-project through POLYNET and POLYMAP) at 
Europeen level and though National clusters, will be continued and enlarged through COLAE project 
and PICTIC activities. CEA-Liten aims at developing and transferring technologies to industrial 
partners. To foster FOLAE industry take-up, in 2012 CEA-Liten has launched a technology Platform 
PICTIC that was supported by the ERDF funds. 
 
URV: 
The compact anaylitical model can be used to extract parameters in order to characterize devices or 
materials. The compact analytical model allows the extraction of DOS parameters of the organic 
semiconductor material used in the device. The mobility expression can be written in the form of a 
power dependence of the gate voltage, allowing the use of the procedure UMEM (Unified Model and 
Extraction Methodology) to determine all parameters. It is to expect further upgrading of the model in 
the future and its exploatation. 


