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1. Publishable summary 
1.1 Introduction 
Organic electronics offer thin, light-weight, and flexible/bendy alternative to the silicon based 
microchips existing nowadays all around us. One of the main benefits for using organic materials in 
the production of electronic devices is the possibility to use large-area fabrication technologies such 
as printing. The potentiality of this technology is shown in the forecast made by IDTechEx which 
predicts that the market for printed and potentially printed electronics will rise to over $50 billion 
during this decade. 

Despite the promising market forecasts, the use of organic thin film transistors and circuits in 
today’s industrial products has been limited. The main obstacle for substantial market penetration of 
such organic electronic components has been the inability to achieve sufficient device performance 
using high-volume production methods. This has delayed the commercially viable implementation 
of organic transistors in complex electronic circuits and system development.  

In response to this, the POLARIC (Printable, organic and large-area realisation of integrated 
circuits) project aims to improve the performance of the organic electronic devices by developing 
the related fabrication methods. The 13 project partners are 3D-Micromac AG (Germany), AMO 
GmbH (Germany), Asulab Division of Swatch Group (Switzerland), BASF Schweiz AG 
(Switzerland), Cardiff University (CU), CSEM (Switzerland), Fraunhofer EMFT (Germany), IMEC 
(Belgium), Imperial College (UK), Joanneum Research (Austria), micro resist technology AG 
(Germany), Obducat Technologies AB (Sweden), and VTT Technical Research Centre of Finland 
as the coordinating organisation. POLARIC has received funding from the European Community's 
Seventh Framework Programme (FP7/2007-2013), under the area of Information and 
Communication Technologies (ICT). The project duration is from January 2010 until June 2014. 

1.2 Objectives 
The objective of the project is to realise high-performance organic electronic circuits on plastic 
substrate using large-area processing compatible fabrication methods. The transistor fabrication 
development will be focused to enable a high resolution nanoimprinting lithography (NIL) step. 
Applying NIL will enable small transistor channel lengths (below 1 μm) on plastic substrate and 
thereby an increase in operation frequency of the device. Another important concept to improve the 
performance is the self-aligned fabrication principle, in which the critical patterns of the different 
layers are automatically aligned in respect to each other during the transistor fabrication. This 
decreases the parasitic capacitances and thereby increases the operating frequency, decreases the 
gate leakage currents, and is one of the key elements to enable the use of large-area fabrication 
concepts such as roll-to-roll (R2R) techniques. The developed circuits will be first tested in basic 
electronic building blocks such as inverters and ring oscillators. Eventually, the technology 
development will be exploited in the flexible active matrix liquid crystal display (AMLCD) and 
radio-frequency identification (RFID) demonstrators.  

1.3 Overall strategy 
There are three main fabrication platforms used in the project. Towards the AMLCD 
demonstrators, batch processing platform is employed. For the RFID demonstrators, in which 
certain parts of an RFID tag are realised, R2R processing platform with web coating techniques is 
used. The batch processing enables smaller footprint of the devices, whereas R2R processing opens 
up the possibilities for true large-area processing. In spite of this main division, the platform 
development has strong interlinks and it is often necessary to mix the batch processing and R2R 
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processing platform. This is especially the case with the complementary OTFT technology 
development in the project, in which R2R compatible gravure printing is used as widely as possible 
to produce the device layers, but with a sheet-to-sheet batch process. 

1.4 Work progress and achievement during the third reporting period 

1.4.1 Thin dielectrics for short channel OTFTs 
The dielectric layer to which is referred here is the insulating layer between source–drain contacts 
and gate contact in OTFT. Thin dielectric layer is a necessity for a short-channel transistors. The 
manufacturing of robust OTFTs for the project demonstrators requires a wet coating process for 
reliable and homogenous dielectric layers with a dry thickness down to 100 nm. To reach highly 
reliable dielectric films, photo crosslinkable poly(methyl methacrylate) (x-PMMA) has been 
selected as the dielectric material to be used with demonstrators. Within the last reporting period 
pattern definition has been further developed in the batch processing platform to meet the 
requirements of the AMLDC demonstrators. In the R2R processing platform, further development 
of the reverse gravure printing process of x-PMMA has been carried out. As intermediate 
processing approach between batch processing and R2R processing, gravure printing on sheet based 
substrates has been also developed. 

1.4.2 OTFT channel miniaturisation 
In a field-effect transistor, which is the type of the transistors studied in this project, the channel 
length is defined by the distance between the source and drain electrodes. In order to maximise the 
operation frequency of the device, the transistor channel length should be minimised. The project 
addresses this challenge by applying NIL in fabrication of OTFTs, which allows reaching very 
small patterns with dimensions below 1 μm. The Source-drain to gate overlap is miniaturised by 
self-alignment accordingly. One of the achievements during the reporting period was the realisation 
of n-type NIL-gate sub-μm OTFTs with channel lengths down to 0.5μm on a 4”x4” flexible 
substrate with an ink-jet printed semiconductor. The manufacturing process included the self-
aligned manufacture of SD-electrodes so that the achievement of short channel length has not been 
compromised by large SD to gate overlap.  

1.4.3 Complementary OTFT technology 
In order to decrease operating voltage and power consumption, and increase noise margins, n- and 
p-type OTFTs and organic complementary circuits are developed in the POLARIC project. Here, 
the R2R compatible gravure printing fabrication method combined with other techniques is used. 
So far, a full set of designs for the fabrication of complementary inverters, ring oscillators and 
NAND/NOR logic elements with sub-micron NIL patterned gates, self-aligned contacts and gravure 
printed dielectric and semiconductor layers using gravure clichés, NIL shims and photomasks has 
been completed. Thus far, the designs have been used for the fabrication and characterisation of 
initial complementary circuits, in this case inverters, with conventionally patterned gates, contacts 
and interconnects. The next step is to use gravure cliché, NIL shim and photomask designs for the 
fabrication of complementary inverters, ring oscillators and NAND/NOR logic elements with sub-
micron NIL patterned gates, self-aligned contacts and gravure printed dielectric and semiconductor 
layers. 

1.4.4 Circuit development for organic integrated circuits 
In the circuit development, technical boundary conditions are collected from the fabrication tools to 
be used, and from them, the design rules respecting the specifications required for the demonstrators 
are deduced. Using the dedicated test structure design realized end of 2011, the manufacturing of 
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these test structures using batch processing platform was done in 2012. Extra efforts were needed to 
update the design in June 2012 due to a shrinkage issue with the substrate during the imprint 
process. Working OTFTs, including ones with submicron channel length, were obtained 
simultaneously (during the second part of 2012) in two different manners: inkjet printing of an n-
type semiconductor and sublimation of pentacene, a p-type semiconductor. The next important 
output from the circuit development during the reporting period was the electronic layout of 
Demonstrator 3. Demo 3 is a load modulator unit, which acts as a part of the RFID front end. In the 
Demo 3, the R2R process platform will be used to demonstrate OTFTs comprising hot-embossing 
based NIL and the self-aligned fabrication concept. 

1.4.5 Manufacturing platform development 
In the project work plan, there is a dedicated work package for the development of the tooling,  
especially shim fabrication for the NIL, and overall manufacturing platform development of NIL 
based OTFTs. One of the targets is to establish a manufacturing platform for the NIL based and 
R2R fabricated OTFTs. In this reporting period, huge effort has been put to tooling in order to 
overcome the problems observed in the shim fabrication and to improve the quality of the nickel 
masters for both batch processing platform and R2R processing platform. In the R2R 
manufacturing platform development, the process flow design, the device specifications, circuit 
designs, material selections, and tooling development were carried out during 2012. Furthermore, 
almost all of the individual process steps were tested on R2R.  

1.4.6 Demonstrators 
In the project plan, the following demonstrators are specified: 
 Demonstrator 1: OTFTs with micron spaced electrodes for 

AMLCD fabricated in a large-area 
nanoimprinting/photolithography batch (4”) process  

 Demonstrator 2: Active matrix LCD 
 Demonstrator 3: R2R processed load modulator for RFID 

tag 
 Demonstrator 4: R2R processed antenna capacitor   

and rectifier for RFID tag     
         R2R processing environment at VTT 

  
The details for these demonstrators have been specified in the redefined project plan during 2012. 
The Demonstrator 1 was achieved and submitted to the European Commission in May 2012. 
Currently the layout for the Demonstrator 2 is being designed, and the last remaining fabrication 
challenges towards Demonstrator 3  are to be solved. 

1.4.7 Dissemination and exploitation 
During the third year of the project, the POLARIC members have submitted 4 scientific journal 
articles1,2,3,4. In addition, the project has been presented in 5 scientific conferences. One training 
                                                 
1 Electric Field Confinement Effect on Charge Transport in Organic Field-Effect Transistors, Physical Review Letters 
108 (6) (2012) 066601 
2 Strain induced anisotropic effect on electron mobility in C60 based organic field effect transistors, Applied Physics 
Letters 101 (2012) 083305 
3 Vapor Phase Growth of Functional Pentacene Films at Atmospheric Pressure, Advanced Functional Materials (in 
press) 
4 Self-aligned patterning method of poly(aniline) for organic field-effect transistor gate electrode, Organic Electronics 
13 (2012) 1308-1314 
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event was organised as a joint event of the EU projects POLARIC, COSMIC, Interflex, and Smart-
EC, of which the first three projects are funded in the FP7-ICT programme from the “ICT-2009.3.3 
Flexible organic and large area electronics” subprogramme area. Regarding standardisation, an 
important international standardisation activity was identified. This is related to the IEC Technical 
Committee 119 – Printed Electronics. The POLARIC project consortium will closely follow the 
evolution of the work in this technical committee. Finally, the plan for the use and dissemination of 
foreground (project results) where updated twice during 2012.  

1.4.8 Management 
Apart from the typical consortium management and project leading tasks, the main management 
activities during the year 2012 were the following: 
 Grant agreement amendment originated from the changes in the technical work plan 
 Technical review in March 2012 and interim review in November 2012 
 Three general project meetings having both steering group and technical parts 

1.5 Summary of the technical progress and project status 
Regarding the main technical activities and results in 2012, following general remarks can be made: 

 In the batch processing platform to be used in the AMLCD demonstrators, several iterative 
processing runs have already been accomplished. With these, the process flow has started to 
mature. However, further development is still needed in order to meet the requirements of 
Demo 2 (Flexible active-matrix LCD).    

 In the R2R processing platform to be used in RFID front-end demonstrators, the development 
has still been on a process block basis. A complete production run is still to come. Changes in 
individual process steps are therefore possible. 

 

The deliverables are distinct and specified outcomes of the project, usually put in the form of a 
report. The work plan had total of 20 deliverables due in 2012. Of these, 16 deliverables were 
related to technical work, 2 were related to dissemination, and 2 were management reports. All 
these deliverables have been submitted to the EC without any major delays. In addition, all the 4 
milestones scheduled for the year 2012 have been achieved. Thus, in light of the progress with the 
deliverable and milestones, it can be concluded that the project has fully achieved its objectives and 
technical goals for the reporting period. 

More information: 
Project coordinator: Dr Kimmo Solehmainen (kimmo.solehmainen@vtt.fi) 

www.polaricproject.eu


