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1 Project Summary 

1.1 Project Consortium 

 

Project Duration: 

The project started on January 1, 2010, and ended April 30, 2014. 

 

Project Consortium: 
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y 

from  to 

Fraunhofer-Gesellschaft zur Förderung 
der angewandten Forschung e. V. 

FRAUNHOFER D Jan/2010 Apr/2014 

Commissariat à l’Energie Atomique et 
aux Energies Alternatives 

CEA F Jan/2010 Apr/2014 

ST Microelectronics S. r. L. ST-I I Jan/2010 Apr/2014 

Nederlandse organisatie voor 
Toegepast Natuurwetenschappelijk 
Onderzoek 

TNO NL Jan/2010 Apr/2014 

Technische Universiteit Eindhoven TUE NL Jan/2010  Apr/2014 

Interuniversitair Micro-Elektronica 
Centrum vzw 

IMEC B Jan/2010  Apr/2014 

Università degli studi di Catania UNICT I Jan/2010  Apr/2014 

Consiglio Nazionale delle Ricerche CNR I Jan/2010 Apr/2014 

Technische Universität Berlin TUB D Jan/2010 Apr/2014 

Friendly Technologies Ltd. FRIENDLY GB Jan/2010  Apr/2014 

Flexink Ltd. FLEXINK GB Jan/2010  Apr/2014 

Polymer Vision BV PV NL Oct/2010 Aug/2012 

Plastic Logic Ltd. PL GB Jul/2013 Apr/2014 

 

Project Web Site:   

www.project-cosmic.eu 

  

file://izmmsv30/projects/COSMIC/reports/final/www.project-cosmic.eu
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1.2 Publishable Summary 

Since discovery of organic semiconducting materials there have been numerous efforts to 
build up a new application field besides conventional electronics. Opposite to circuit 
technology mostly based on silicon, the organic semiconductor inherently enables usage in 
highly flexible systems and can be processed and patterned with low-cost printing 
processes. For this future application areas are seen in high-volume low-cost products (e.g. 
RFId circuits) and bendable devices (e. g. rollable displays). However implementation into 
products is still lacking because of performance and problems in achieving stable and 
reliable fabrication. For this the COSMIC project has been launched to bring integration of 
organic electronics on a technology level that allows circuit integration on plastic films in 
flexible and large area fabrication. RF tags (silent tags), display line driver, A/D converter 
and ALUs are targeted as lead applications to demonstrate the progress in manufacturing 
technology. 

Technology development has been carried out on three different manufacturing platforms 
representing the different complexity and volume requirements in organic electronics. All of 
them are using flexible plastic films as substrate, but for very complex integrated circuits, 
like a line driver, a carrier based handling method is used, which forms the so-called wafer-
to wafer (W2W) platform. On the other hand, for applications aiming at simple, but very 
large volume electronics a roll-to-roll (R2R) platform and in-between a platform working 
sheet-to-sheet (S2S) have been investigated 

With their W2W platform IMEC and TNO have taken over the demonstration task for the 
line driver, where they used their process flow for evaporated n- and p-type semiconductor 
to fabricate flexible display line drivers. A 32-bit line driver has been verified to be fully 
functional and being capable of driving a flexible OLED display. Also a correctly working 
arithmetic logic unit (ALU) with organic transistors has been achieved.  

CEA-LITEN’s S2S platform based on printing processes achieved another outstanding 
results within COSMIC. An organic analog-to-digital converter with 4 bits has been already 
completed in 2012. For the end of the project a silent tag circuit is integrated, which is 
already in its 4-bit-version a very ambitious and complex circuit with regard to 
implementation of analog parts, signal detection and number of logic gates. Although the 
full processed tag initially does not work as a whole; it could be shown that really large 
building blocks of the circuit with about 250 transistors are operating properly, including the 
receiver and the code recognition. Already this result clearly exceeds current state-of-the art 
in printed organic electronics and gives confidence that residual defects can be overcome 
in the near future.  

Fraunhofer EMFT has re-focused its roll-to-roll technology towards applications with a cost 
structure that are compliant with a low-cost large-volume application. For this the 
development targets on an RF system that facilitates sensor readout by modulation of the 
carrier frequency. To overcome the existing roadblocks in its technology a newly developed 
material by the project partner Flexink has been tested with encouraging results, although 
process transfer has not yet succeeded to overcome existing limitations in process stability. 
However a major strength reached within the project is the roll-to-roll fabrication of passive 
elements like resistors, antennas and sensors.  
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An important element in the COSMIC development was the introduction of a mainly 
manufacturing oriented approach including modelling of transistor and circuit, which is 
incorporated in an initial design library. Several cycles of design, fabrication, 
characterization and modelling have been carried out by TU Eindhoven, University of 
Catania, CNR Rome and STMicroelectronics. The partners in this work package extensively 
worked in innovative circuit design of digital and analog building blocks, considering also 
design solutions adapted to organic material limitations and processing variations. 
Modelling provided a thorough analysis of the contact effects in OTFTs. From these 
experimental results new model parameters were extracted and included in design toolkit 
for complementary oTFT circuits. Analog and digital building blocks are already 
implemented in a design library for CEA’s S2S platform and can be offered to innovative 
designers for prototyping circuits on plastics.  

In preparation of the planned demonstrators the industrial partners have worked out the 
system architecture for the planned circuits. Customized hardware platforms have been 
built, which allow to test the correct function of every lead application and to simulate an 
interaction between different lead application devices.  

Finally the developments have been accompanied by reliability investigations under the 
lead of CNR. Bias stress effects have been extensively studied and related to different 
phenomena.  

The industrial partners also undertook research on the business potential of COSMIC 
applications. For this the markets of pure and custom printed silent tags (Friendly), printed 
line drivers (Plastic Logic) and other organic and flexible circuits (ST Microelectronics) have 
been explored. The industrial partners concluded that the potential market for the COSMIC 
applications is large and justifies the present and further R&D investment. 

In summary COSMIC has moved organic electronics a truly big step forward both from an 
engineering and from a scientific perspective. There are still problems to solve but the 
project has well approached a point where this technology finds marketable applications, 
also beyond the classical lead applications.  

For more information see the project website www.project-cosmic.eu  

or contact info@project-cosmic.eu 

 

  

file://izmmsv30/projects/COSMIC/reports/M13-24/www.project-cosmic.eu
file://izmmsv30/projects/COSMIC/reports/M13-24/info@project-cosmic.eu
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1.3 Project Context 

The Flexible Organic and Large Area Electronics (FOLAE) market is now in the stage that 
products are introduced in the first market segments: OLED displays and organic thin film 
transistors backplanes for e-paper. Forecasts for FOLAE markets in a mid to long-term 
future predict a much larger market size. Moreover, FOLAE technology is so disruptive that 
it is expected to create innovative applications and open new, large and diversified market 
segments. Being flexible, conformable and able to cover large surfaces, large-area organic 
electronics will become “invisible” and could be embedded in most of daily live consumer 
goods: packaging, clothing, houses, cars, etc. 

Logic & memory is forecasted to become the largest market segment within FOLAE. This 
logic segment covers all the applications of electronic circuits made on flexible substrates 
by printing or printing like processes. Often named “Plastic electronics”, this segment 
includes high-volume markets such as: large-area sensors, single-use sensors, RF tags, 
electronic circuits for games and entertainment.  

The ability to integrate on the same substrate all the functionalities to realize a complete 
system is the differentiating advantage of flexible organic and large area electronics that will 
create new applications and markets. Much basic functionality has been demonstrated in 
the last decade: backplane matrices, displays, light emission and detection, sensing, 
energy storage, circuits for RFID have been demonstrated using organic semiconductors. 
However, electronic circuits needed to make complete systems are so complex that hybrid 
integration with a silicon chip is still mandatory at the moment. 

Therefore, to make these ambitious market forecasts become a reality, a new revolution is 
needed for organic electronics: the ‘organic-CMOS-revolution’ to reach higher-complexity 
digital circuits with substantial high yield and at low operating voltage and to obtain working 
analog circuits that are mandatory to address many of the potential electronics applications 
like sensors, actuators and RF communication.  

The state of the art of current p-type only organic technologies can be well compared with 
the state of the art of silicon technology in 1971. Indeed, that year the first microprocessor, 
the 4004, used a p-type only logic, 15 V power supply voltage and a gate length of 10 
micron. The total number of transistors integrated was limited to 2300. Apart from the clock 
speed obtained at that time (740 kHz) this is all very comparable to what organic technology 
may be able to achieve. 

However, history teaches that this p-type technology disappeared very rapidly as soon as a 
viable CMOS technology was developed and it is obvious that the same will happen for 
organic CMOS technology, as soon as the n-type materials are approaching mobility values 
of 1 cm2/Vs and can be integrated together with the existing p-type technology. 

Indeed, as for silicon technology, the availability of complementary organic transistors is the 
basis to improve organic electronics in several directions. Complementary organic 
technologies will indeed enable: 

 to design digital circuits with higher complexity being much more robust to process 
and aging variations, which can be used in display drivers and µ-controllers 

 to produce low-consumption and low operating-voltage logic compatible with existing 
electronics and energy sources 

 to improve switching speed in digital circuits 



 
COSMIC Public final report 
GA-Nr. 247681 
 

 

  - 8/94 - 

 to design reliable analog building blocks (operational amplifiers, Low Noise 
Amplifiers (LNAs), filtering stages, comparators, etc.) and mixed signal systems (like 
A/D converters, etc.) enabling to integrate interface electronics with sensors using 
the same organic, foil-based technology, and to elaborate the first RF communication 
systems. 

 a further cost reduction by a higher level of integration 

 improved device performance (increased flexibility, robustness, etc.) 

In the last years companies such as POLYERA, BASF and others, brought to the market 
the first generation of n-type organic semiconductors that are printable and air-stable, 
making possible the development of a complementary organic circuit technology.  

1.4 COSMIC Objectives 

The overall goal of the COSMIC project has been to set up a technology platform for 
organic integrated circuits that is capable to prototype organic electronic applications and 
bring them to manufacturability and commercialization. On this way from development to an 
initial production level several steps have to be accomplished. With some similarity to the 
silicon industry, these efforts included the following tasks: 

 Development of robust and reproducible process flows to integrate organic oTFTs 
into circuits. Material and processes have to be co-developed to achieve reliable and 
performing p- and n-type transistors.  

 Defining fully integrated process flows, including interconnection levels and Back-
End of Line Components. 

 Initialising a library of digital and analog building blocks whose design is verified by 
characterization and simulation. This first design library for organic circuitsis the 
basis for the design of future products. 

 Organic Design Tool Kit elaboration dedicated to the organic CMOS technology. 
Materials, processes and device properties differ completely from the ones used in Si 
technology. For this large efforts in modelling and characterization are necessary to 
develop innovative, robust and tolerant design tools. Finally this should lead to 
suitable design kit to support designers in the optimization and verification of circuit 
layouts.  

 To demonstrate the strength of the organic CMOS platform different lead 
applications that are representative for the most relevant market segments of large 
area electronics have been selected for demonstration. These are 

o A S2S printed analog-to-digital converter for a flexible temperature sensor that 
addresses the complete sensors and actuators market segment. The application 
will process the output of a temperature sensor in order to adapt the analog 
signal using the 4 bit analog to digital converter and pre-amplifiers. 

o A first flexible line driver fabricated with complementary organic integrated circuit 
for OLED and electrophoretic displays that addresses the displays segment. A 
line driver is a one line-at-the-time selector based on a shift register with an 
amplifier stage for each line. Normally, the number of display lines corresponds 
to the number of output stages and therefore result in circuits with high transistor 
counts (typically a few 1000s) 
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o A printed organic and R2R Silent Tag with RF Signal receiver that addresses the 
identification and authentication market. Especially the silent tag concept from 
Friendly Technology, which brings a secure and privacy safe solution to RF tags, 
is targeted. As the Silent Tags concept do not need anti-collision or disabling 
mechanisms, its technological implementation requires far fewer transistors than 
classical RF-ID tags, which makes it especially suitable for organic printed 
electronics. Second, every Silent Tag needs to be assigned a unique code, 
which translates into a unique design per tag (e.g. programming by printing the 
identity code). 

o High complexity logic to realize the first complementary 4 Bit-ALU (Arithmetic 
and Logic Unit), in perspective to address the market segment of integrated 
electronics systems based on organic electronics. It will be a first step toward the 
integration of “intelligence” into plastic. 

o Wireless sensor signal transmitter to show possibilities for smart sensor 
applications. 
A cheap system for contactless readout of sensor signals consists of an RF 
interface and a modulation circuit that modulates the radio frequency with the 
analog signal of a sensor device. Similarly to an RF label the sensor label is 
energized by the RF field with a diode working as rectifier and opens sensing 
applications by providing a cheap interface for interrogation. 

 To disseminate the knowledge generated and inform on the performance of the 
COSMIC organic CMOS platform the European and international industry together 
with the scientific community. This will provide feedback on the industrial needs and 
specifications to the designers and technologists active in COSMIC and will 
accelerate the diffusion of the innovations in technology generated within COSMIC to 
the market.  

In order to match the various FOLAE market opportunities in terms of cost, productivity and 
level of performance, process flow for organic electronics are elaborated for different 
technological platforms.  

- W2W - Wafer-to-Wafer: High complexity manufacturing process using foil laminated 
on 6” wafer carriers: it will address the most complex circuits (10,000 TFTs) because 
of its high yield and good registration accuracy 

- S2S - Sheet-to-Sheet. Large area printing and direct patterning process flow with 
device density on sheet substrates (typ. dimension: 320mm x 360 mm). It addresses 
large area and lower cost together with high performance circuits. Better ability to 
individual circuit customization. Medium complexity circuits (around 500 TFTs) are 
addressed because of the medium yield. 

- R2R - Roll-to-Roll continuous or stop-and-go processes on continuous web 
addresses and low cost & low complexity. These are intended to add electronic 
functions to cheap applications, like single-use sensors. Typically this circuitry will 
not exceed 40 transistors. The main focus is in this case to fabricate in a continuous 
process on an endless plastic film substrate. 

COSMIC benchmarks these different manufacturing modes in terms of foil size, toolset, 
materials and technology performance as well as commercial usability.  
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2 Main Scientific and Technological Results 

2.1 Results from WP1 

WP1 frames the development efforts in COSMIC and ultimately describes the business 
case for the different lead application and technology platforms. The main challenge herby 
is to condense the key information (e.g. performance specifications, manufacturing costs) in 
such a way that different applications and different manufacturing platforms can actually be 
quantitatively compared. 
 
The minimum performance requirements for key parameters of the different lead application 
as defined by the industrial end-user at the begin of the COSMIC project can be seen in 
Table 1 
 
Table 1: Summary of the performance requirements for the lead application 

 Line driver e-
ink display 

4bit/32bit 
Silent tag 

4bit ALU 4bit ADC 

Supply voltage [V] 40 <20 <15-20 <15-20 

Stage delay <2us 0.5ms..2ms <1us 20ms..100ms 

Yield of required TFT [%] >99.97  >99.5 >99.6 >97 

Area of required TFT [mm²] <20000 <2500 <2500 <4000 

Σ VT [V] (soft yield) 0.4 0.5 0.5 0.2 

 
 
During the 4 years of the project we have monitored the actually performance of the 
different manufacturing platforms and compared them to the target values. Those target 
values have been used to set the right priorities during technology development. The final 
performance data can be seen in Table 2. 
 
Table 2: Summary of the performance status of the manufacturing platforms in COSMIC 

  W2W  
(imec/TNO) 

S2S 
(CEA) 

R2R  
(Fraunhofer) 

yield ( due to hard faults) [%] >99.5 98-99 90 

sigma VT [V] σ VTN=0.05V 
σ VTP=0.5V 

σ VTN=0.9V 
σ VTP=2.05V 

3 

stage delay 7us@L=5um** 0.6ms@L=20µm 1ms@L=20µm** 

footprint inverter [mm2] 0.08 7 12 

minimum supply voltage [V] 10 20 30 

 
All the lead applications have been realized and the COSMIC consortium can showcase 
significant progress in complexity and performance compared to state-of-the-art. The initial 
performance targets are not completely met and stay below the requirements for 
commercial products.  
 
Finally, the industrial end-user in COSMIC (ST, Friendly and PlasticLogic) evaluated the 
business potential for the developments made in COSMIC. The business case consist of 
the market study, the cost and performance study of competing approaches and the 
performance and cost structure of the COSMIC developments. To be comparable between 
different manufacturing platforms and lead applications, a consistent approach how to 
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calculate cost and performance was defined by the industrial end-user and the owner of the 
manufacturing platforms (imec/TNO, CEA, Fraunhofer). 
 
We have identified the necessary input parameter as (a) manufacturing cost per square 
meter (b) die size (c) performance targets of lead application and (d) cost of Si reference 
chip.  

The manufacturing cost per square meter has been calculated for W2W, S2S and R2R. The 
assumed die size has been calculated for every lead application in every manufacturing 
platform. The cost of Si-reference chip has been provided by ST (Table 3).  

 

Table 3: Cost and Area comparison for different manufacturing platforms and different lead 
applications 

 W2W S2S R2R (pmos only) Si-Reference 

Footprint inverter 
[mm2] 

0.08 7 12 <1e-6 

Investment 
[MEuro] 

147 16.5 9.41  

Share of material 
cost [%] 

60 65 31  

Cost [EUR/m2] 341 150 67 64k 

4bit ADC [mm2] : 
[EUR] 

42.8 0.015 3700 0.55 6343 0.42 <0.15c$ 

32bit tag [mm2] 
:[EUR]** 

50.3 0.017 4400 0.66 7543 0.505 <0.15c$ 

240 line select 
[mm2] : [EUR] 

1710 0.58 150k 22.5 256k 17.2 2.4$ 

4bit Adder [mm2] : 
[EUR] 

50 0.017 4.4k 0.66 7.5k 0.505 <25c$ 

 

Cost wise, a competitive advantage of the COSMIC W2W platform versus Si-chips can be 
demonstrated.  
 
In summary, a clear business case for TFTs on foil in different lead application has been 
made. The cost targets can be met however the performance needs further improvement. 
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2.2 Integrated Circuit Design and Test (WP2) 

The main objectives of the work package 2 (IC design & Test) have been: 

 Provide characterization data for the transistors and passive devices in each 
technology platform (S2S, W2W and R2R).  
This objective, which pertains to task 2.1, is fundamental to create a suitable database of 
device characteristics and enable the development of suitable models (WP4). Specific 
test structures have also been developed and measured for the characterization of e.g. 
the injection resistance in OTFTs and of OTFT matching.  

 Design basic circuit building blocks to build analog and digital circuit libraries. 
The simplest circuit structures have been inserted already in the Pem1A and 1B masks, 
to obtain an early feedback cycle. Based on technology characterization, models and 
simulations, in the project phase immediately following (Task 2.2), we have designed 
more complex circuit building blocks, both digital and analog. To the former belong logic 
gates and flip-flops designed with different logic styles, including fully static, 
transmission-gate and (only S2S) dynamic. For the latter we developed in S2S platform 
current mirrors, differential pairs, OTAs, several rectifiers and comparator circuits. In 
W2W we designed differential pairs, current mirrors and comparators  

 Assess the agreement between the models and the simulations. To improve the 
design process, it is of primary importance to check the simulation accuracy with 
measured data in real circuits. For a large set of circuits, both digital and analog, and 
both in S2S and W2W technology, measurements have been compared with simulations 
and the results reported to WP4. In general, the accuracy of static simulations is very 
good, both for digital and for analog blocks. The high-frequency behavior (relevant for the 
rectifiers) is, as expected, modeled with a lower degree of accuracy by the models 
presently embedded in the design flows, but should be strongly improved by the latest 
developments in WP4 (e.g. better description of channel capacitance).  

 Provide feedback on circuit functionality to improve the technology process 
(WP3). We made an effort to report as fast and consequently as possible the results of 
our measurements to the technology partner producing the samples. In this way we 
obtained e.g. static logic gates with optimized noise margin (good symmetry of the 
transfer characteristic) and we helped to improve the yield, especially in the S2S 
technology, which is based on large-area printing and thus is sensitive to defect-related 
yield issues. In our measurements we tried to identify, as much as possible, the cases of 
the observed failures, and to make a distinction between soft and hard faults (e.g. stack-
at behavior versus failures at lower supply voltage in logic gates).  

 Identify design tradeoffs. In a design process it is paramount to generate insight in the 
design space. It is especially important to explore the interdependencies between 
opposite trends, e.g. the design tradeoffs. To give an example, in the S2S process the 
area occupied by the circuit is a concern, because to a larger area will probably 
correspond a larger number of defects in the circuit (hard yield issues). This would thus 
favor the choice of dynamic logic vs. its static counterpart. On the other hand, dynamic 
logic is very sensitive to variations of the TFT parameters (e.g. threshold voltage), and 
thus it could become non-functional because of soft yield issues. For the S2S technology 
we have thus chosen as compromise a transmission-gate (TG) based logic design, 
which is more compact than the fully static one, and more resilient to process variations 
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that the dynamic one. In the W2W technology, on the other hand, we have preferred the 
fully static style to the TG one, as in this technology the difference in area occupancy 
between these two options is minimal. Circuit level yield measurements made on fully-
static and TG implementations seem to confirm this hypothesis, even if the sample size 
is still too small to achieve full statistical confidence.  

 Simulate the effect of parameter variability. To reach this goal, and improve the 
design process in order to account for parameter variability, a characterization of the 
statistics of the TFT parameters has been done, fitting a normal distribution to each 
relevant model parameter. Then a suitable Monte Carlo simulation deck has been 
created in a commercial design environment, in order to be able to run Monte-Carlo 
simulations. The parameters have been considered uncorrelated (expect if an explicit 
dependence exists among them). The results of these statistical simulations have also 
been used in the design process.  

 Design optimized building blocks suitable for the lead applications. Based on the 
specifications defined for the lead applications, the design of the different building blocks 
has been optimized to improve as much as possible the application performance. To give 
some examples: the design of the S2S logic has been fixed to TG style, input offset 
compensation has been used in the comparator and a non-differential architecture has 
been selected for this block; the unit resistance in the DAC has been chosen to avoid 
systematic errors due to the driving inverters. Moreover, several threshold cancellation 
and multi-stage strategies have been applied to the rectifiers in order to increase the DC 
output voltage. In the W2W technology the balance between n and p-type transistor has 
been redefined compared to the first choices (and according to the progress of the 
technology), and a fully static version of the 32-bit line driver has been chosen as 
preferred option.  

 Design of final ICs for the lead applications. Based on the feedback obtained by a large 
quantity of measurements on the different building blocks and subsystems, the design of 
the final ICs has been revised and completed. For the S2S platform the fully integrated 
ADC and the fully integrated silent tags (two versions, 4b and 32b code) are designed. 
Thelayout of each of these final integrated circuits is shown in Figure 1. Similarly, the 
design of the final integrated circuit for the W2W technology is shown in Figure 1 (top-
right pane). For this technology a dice style has been chosen to divide the wafer space. 
Different dice contain the 32-bit line drivers (several logic styles, fully static the preferred 
one) and the ALU.  

 A final IC (sensor label) has also been designed for the R2R technology. It exploits a 
modular approach where the antenna and wiring is provided on one foil, while a ring 
oscillator and a modulator transistor are placed on two different foils to be connected to 
the wiring one (Figure 1 –bottom pane). On the R2R platform have also been designed 
the antennas for the silent tag.  
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Figure 1: Final Cosmic ICs: top-left the S2S ADC, top-right the W2W dice containing 
ALU and 32b line drivers, center-left the S2S 4b silent tag, center-right the S2S 32b 

silent tag, and bottom the R2R sensor label  
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Figure 2: Measurement of the S2S ADC for an input voltage Vin=3.5V at 40V supply. 
The input voltage corresponds thus to the output code 0001. 

 

 Characterization of the final ICs. All final ICs have been characterized. The R2R 
sensor label unfortunately had problems with the transistors which could not be 
solved, and was not functional. The ADC, 32bit line driver and ALU are fully 
functional. The main measurement of each of these integrated circuits is presented 
in Figure 2 (ADC), Figure 3 (32bit line driver) and Figure 4 (ALU).  
For the silent tag the AM receiver and the complete digital part were successfully 
functioning. The load modulator was not functional. The rectifier presented a 
maximum DC output voltage which was below spec (24V for 75V peak to peak AC 
input at13.56MHz).  
 

 

Figure 3: Measurement of the W2W 32b line driver for a 3.3.V supply. 
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Figure 4: Measurement of the W2W ALU for different inputs. 
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2.3 Wafer-to-Wafer Technology Platform (WP3-W2W) 

In order to realize applications with a high complexity, a high yield is required. We have 
developed a stable and reproducible process flow to integrate p-type and n-type thin film 
transistors on foil on carrier. Efforts have been made to reduce the hard faults during the 
manufacturing process. 

 

2.3.1 Metal-insulator-metal (MIM) stack with high yield 

The process flow starts with the lamination of heat stabilized PEN foil on a carrier. For lab-
scale implementation we use a 6”-Si wafer , however for later manufacturing glass carrier 
with size Gen4 to Gen6 would be used. 

Afterwards to gate-metal (Ti/Au) , the dielectric (ALD Al2O3) and the source-drain (Ti/Au) 
are deposited and photolithography structured. The resulting MIM stack can be seen in 
Figure 5. 

 

Figure 5: MIM stack with foil on carrier 

 

Throughout the processing of the final COSMIC demonstrator wafer, yield optimization was 
performed, e.g. particle monitoring was established to examine the number of particles 
generated in various processing steps relevant to the Cosmic wafers. 

All processing steps are analyzed with respect to particle generation. The outcome of this 
investigation can be seen in Figure 6. From this overview, two major sources of particles 
came forward: the exposure steps and the barrier deposition. Also the track were the resist 
is coated on the wafer was a source of big particles as well, manual spin coating was the 
solution for this problem.  

We observe that the most dominating step that generate particles is the exposure step. We 
found that application of a primer on the photomask reduces particle introduction on the 
wafer for contact lithography, and proximity exposure generates fewer particles than contact 
lithography. In the final process follow for cosmic wafers, proximity exposure is applied for 
photolithography steps. 
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Figure 6: Overview of all processing steps, for various particle size ranges (2.4 to >250um) 

 
 

 

Figure 7: Number of particles of the main particle source and improvement steps of 
exposure  

 

 



 
COSMIC Public final report 
GA-Nr. 247681 
 

 

  - 19/94 - 

 

Figure 8: The integrated process flow to space p-type and n-type semiconductors side by 
side by employing photolithography with orthogonal photoresist technology. 

 

2.3.2 Integrated process flow 

We developed an integration route for organic complementary circuits at a process 

temperature below 150 ℃. P-type and n-type organic semiconductors were spaced side by 
side with high area density (0.08 mm2 per logic gate). The entire integrated process flow is 
shown in Figure 8. For p-type TFTs, substrates with coplanar structures are treated with 
pentafluorobenzenethiole (PFBT) in order to form a self-assembled monolayer (SAM) on 
gold bottom contacts. Afterwards, a layer of poly(α-methylstyrene) (PαMS) is spin-coated 
on the substrate. Since the solution is repelled from the fluorinated thiol covered 
source/drain contacts, only the dielectric is passivated by this thin polymer layer. We further 
deposit 200 nm of parylene-C as encapsulation layer to further protect the p-type TFTs. To 
create isolated p-type semiconductor island structures and remove the p-type material on 
top of the n-type areas, orthogonal photoresist is applied to reduce the potential damage 
due to patterning. After patterning the p-type active layers, we deposited a layer of 
fluorinated polymer everywhere on the substrate as separation layer. The separation layer 
can further reduce the damage of the following processes to the p-type active layer. 
Subsequently, we open the n-type areas by photolithography for the n-type active layer 
deposition. After applying oxygen plasma to clean the area of the n-type active layer, a 
C14-PA treatment is applied prior to the evaporation of n-type material. After N3004 
deposition, the n-type active layer is fully patterned by the orthogonal photoresist 
technology. Remaining residues of photoresist and separation layer are removed by 
corresponding solvents.  
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Figure 9:  (a) Transfer characteristics of integrated p&nTFTs  

(b) Inverter characteristics of the organic CMOS inverter  
(c) Stage delay of the19-stages ring oscillator from different technologies. 

 

2.3.3 Integrated OTFT properties 

The integrated p-type and n-type TFT characteristics are shown in Figure 9a. The p-type 
TFTs show an average mobility of 0.12 cm2/V∙s with a Von of 0.76 V, while the n-type TFTs 
show an average mobility of 0.36 cm2/V∙s with a Von of -0.71 V. Both p-type and n-type 
TFTs show on-off current ratios of 108.  

Figure 9b shows the inverter characteristics of a CMOS inverter with a geometry ratio of 2 
to 1 between the p-type TFTs and n-type TFTs. The inverter is measured from Vdd = 2.5 V 
to 10 V with a step size of 2.5 V. Full voltage swing is shown because of the good current 
matching between p-type and n-type TFTs. The gain and noise margin of the inverter are 
respectively around 6 and 33% of Vdd/2, obtained at a Vdd = 10 V. 

The stage delay versus Vdd of different organic CMOS technologies is shown in Figure 9c. 
The 19-RO of our technology already operates from a Vdd = 1 V. A stage delay of only 2 µs 
is demonstrated at a Vdd = 10 V. Consequently, our technology shows the highest operation 
frequency for organic CMOS ring-oscillators driven below 10 V.  

 

2.3.4 Final demonstration  

We demonstrated an integration route for organic complementary circuits at a process 

temperature below 150 ℃. P-type and n-type organic semiconductors were spaced side by 
side with high area density (0.08 mm2 per logic gate.). Both p-type and n-type transistors 
showed mobilities > 0.1 cm2/V∙s with a Von close to zero volt at a channel length of 5 µm in 
a coplanar structure. With the developed W2W technology, we successfully demonstrate a 
QQVGA OLED display with an assembled line-driver on foil and 4 bit adder on foil (Figure 
10). 

 

 



 
COSMIC Public final report 
GA-Nr. 247681 
 

 

  - 21/94 - 

 

Figure 10:  (a) Measurement signals of 32-stages line driver with Vdd = 10V  
 (b) 32-stages line driver with Vdd = 3.3 V  
 (c) OLED display driven by 32-stage line-driver (d) operation examples for 4 bits adder: 

8+6=14 and (e) 2+1=3 
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2.4 Sheet-to-Sheet Technology Platform (WP3-S2S) 

The target of CEA is to develop a robust C-OTFT technology based on printed process to 
address medium range complexity circuits and large area applications compatible with low 
CAPEX manufacturing line. The work along the COSMIC project started from an initial 
background on C-OTFT using polymeric OSC material and P-OTFT with high performance 
OSC. During the project we followed three phase: 

 First period was dedicated to develop the complementary flow integrating both high 
mobility N and P-Types OTFTs (PEM1a and PEM1b).  

 The second period was dedicated to optimize this flow based on feedback from the 
developed model/simulation and circtuits design this lead to increase the circuits’ 
complexity, integrating also BEOL Resistor level to create analog and digital first 
building blocks. The final COSMIC DTK (design rule manual, model, simulation) and 
libraries were edited (PEM2a and PEM2b).  

 The last period was dedicated to yield improvement, circuit libraries’ completion and 
lead application realization.  

2.4.1 2G COSMIC CMOS flow development 

Initial activity in CEA Liten relied on two existing full printed technologies: a unipolar P-
technology with high µ> 1cm²/V.s and the “Pre-COSMIC” 1G CMOS technology with low µ 
~0.03cm²/V.s for both types of transistors.  
The complementary flow developed in the COSMIC project will be called 2G CMOS flow. 

2.4.1.1 First COSMIC 2G CMOS foils 

We initially defined a draft integration scheme – derived from our pre-COSMIC CMOS 1G 
technology – and plugged the high mobility small molecule semiconductor materials 
(Polyera N3000 Activink® for the N-type and Merck Lisicon® S1200 for the P-type). Several 
specific developments have been carried out:  

 Plastic foil surface treatment  

 Choice and processing studies of Self-Assembled Monolayers (SAMs) on Source/Drain 
(S/D) electrodes for the N-and P-OSCs  

 Common gate dielectric identification and studies 

  
These very preliminary results obtained on PEM1a foils (device oriented lay-out) (Figure 11) 
lead to µn~0.2 cm²/V.s and µp~0.4 cm²/V.s. Functional inverters and ring oscillators were 
also measured. 

2.4.1.2 Process flow optimization on P- and N-only foils  

The P- and N-type OSC process modules have been optimized separately on P- and N-only 
foils in order to increase the mobilities. 

 The crystallization process of the P-OSC was optimized and robustness was improved. 

 The N-OSC formulation was also optimized, together with a design of experiment on the 
SAMs. This initial screening was performed on TLM transistors yielding mobilities of 
~0.8.cm²/V.s. But when transferred on PEM1a test structures (multi-digit transistors), 
mobilities dropped to ~0.2cm²/Vs. 
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(a) (b) 

Figure 11: Layout (a) and picture (b) of the S2S PEM1a (device oriented) 

 

2.4.1.3 Study of the COSMIC 2G CMOS flow integration scheme  

In this common flow, surface treatments are performed when the first OSC layer is already 
printed to prepare the surface for the second OSC layer deposition. We observed a 
degradation of the first OSC layer, due to the UV rays. Studies are still in progress. 
 

The COSMIC CMOS flow performance status at the end of year 1 is presented in Table 4. 

  

Table 4: Summary of S2S processes performances of year 1 

Process Flow µn (cm²/V.s) µp (cm²/V.s) 

First CEA 2G COSMIC CMOS Flow (June 
10) 

~0.1-0.2 ~0.4 

Optimized, Robust P-OTFT - >1.2 

Optimized N-OTFT – TLM structure ~0.8 - 

Optimized N-OTFT – MultiDigit (PEM1a) ~0.2 - 

Current Year 1 : 

CEA 2G COSMIC CMOS Flow 
~0.08 ~1.2 

 

2.4.1.4 New PEM1b maskset preparation 

We received within that period the PEM1b (circuit oriented lay-out) gds file from WP2 
(Figure 12(a)). The PEM1b is a Process Evaluation Module to study the full CMOS process 
including resistors. 
After the reception of the various masks, they have been mechanically checked using our 
Pre-COSMIC 1G CMOS technology (December 2010). 
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(a) (b) 

Figure 12: Layout (a) and picture (b) of a PEM1b foil processed with the 1G “pre-COSMIC” 
technology  

 

2.4.1.5 Activity on BEOL - Resistors 

After an initial screening on materials and printing methods, CEA decided to focus on 
screen-printable Carbon pastes. Best results, in terms of processability and uniformity are 
from CEA-prepared carbon paste, after optimization of our protocol. 

2.4.2 N-OTFT enhancement  

In a first time, the different trials have been carried out on N-only PEM1a foils in order to 
increase the mobility. We improved the N-OTFTs mobility up to 0.5. This optimized N-
process has been integrated in the CMOS flow but this leads to a decrease on the P-OTFTs 
mobility. 
For robustness and cost reasons, we chose to use the same dielectric (Merck Lisicon® 
D139) for N- and P-OTFTs. This dielectric being optimized for the P-OSC and not for the N- 
OSC, it will limit CEA S2S N-OTFTs mobility to ~0.5/0.6.  

2.4.3 CMOS Integration optimization: N-OTFT stabilization and P-OTFT 
mobility recovery – 2.0 Flow 

N-type OTFTs are processed first, followed by plasma cleaning steps prior processing P-
type OTFTs. To prevent any damage to the N-type OSC, we have transferred the process 
on a new plasma tool, capable of blocking UV rays, resulting in less degradation of the N-
OTFT characteristics. Even with optimized cleaning steps, S/D and PEN substrate are not 
"virgin" before processing the P-OTFT, which creates higher contact resistance and so 
reduce the mobility. A large study was carried out on the P-SAM, P-OSC deposition 
procedure and plasma conditions to reduce the contact resistance.  
Moreover, the dielectric thickness was decreased to 750nm by improving the printing 
conditions, in order to increase the dielectric capacitance and achieve higher performance. 

These last optimizations lead to the 2.0 flow of the CEA 2G CMOS technology, with a 
significant improvement of the devices performances (Figure 13) and also of the CMOS 
circuits speed. The delay per stage of ring oscillators has been significantly reduced. 



 
COSMIC Public final report 
GA-Nr. 247681 
 

 

  - 25/94 - 

Several PEM1a samples have been delivered to our WP2 and WP4 partners for 
characterization and modeling studies to develop the model and optimize the design of the 
new PEM2. The DRM has been edited including the resistance layer. 

 

  
(a) (b) 

Figure 13: CEA 2G 2.0 CMOS process flow description (a) and electrical characteristics from 
WP4 (b) 

 

2.4.4 PEM1b processing 

The first PEM1b processed with this 2G CMOS flow have been delivered to TUE (WP2) for 
circuit characterization. Others are under processing for process robustness studies and 
also resistor integration studies.  

2.4.5 Process robustness and first yield studies  

First process stability studies have been done. Electrical parameters trends of N- and P-
OTFTs have been computed for several 2.0 CMOS foils, showing a quite reproducible 
mobility. Threshold voltage is very stable for N-OTFTs whereas some dispersion is 
observed for P-OTFTs. Ioff current are low (<10-11A) for both OTFT types.  
First yield studies have also been launched. We chose to consider the ratio between Ion 
and Ioff currents as criterion. With Ion/Ioff > 103 (which guarantees functional circuits), the 
yield of functional transistors is between 96% and 99%. 

2.4.6 Activity on BEOL 

 Resistors 
Using PEM1b maskset (Figure 14), we have successfully integrated screen-printed 
resistors within CEA CMOS 1G technology. New design rules of the resistance layer have 
been integrated in the updated DRM. The integration of resistors in the 2G CMOS flow is in 
progress. 
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Figure 14: Picture of PEM1b sample (with resistors-in black) 
 

 3rd level of Metallization: 
First studies have been done for the 3rd metallization module. The 2nd layer of dielectric and 
3rd metal layer have been tested on a Pem1a sample processed with the 1G CMOS 
technology with an engineering mask, showing the feasibility. VIA2 layer and M3 have been 
inserted in the new design rule manual (DRM). 
 

2.4.7 P-OTFTs contact resistance 

The first part of the year was dedicated to decrease again the contact resistance of P-
OTFTs. A study on different treatments of PEN and gold surface coupled with different 
SAMs has been carried out. This flow is called 2.1 as compared to the flow called 2.0.  
We observed a decrease of the P-OTFT contact resistance, leading to an increase of the 
Ion current of P-OTFTs, especially for small channel lengths, with no degradation of N-
OTFT characteristics. However, this treatment increases much the process flow complexity. 

2.4.8 PEM2a processing 

A new maskset PEM2a was designed at the beginning of the year by WP4 partners. 
PEM2a includes mainly circuits (sub-circuits of the final COSMIC demonstrators). It was 
designed with the new DRM using models developed in WP4 (optimized design).  
Resistors have been integrated in the 2G CMOS flow after optimizations (Figure 15). 
Several PEM2a have been processed (Figure 15) and delivered to WP2 partners for circuit 
characterization. A functional R-2R DAC (Digital to Analog-Converter) and a 4-bit counter 
with 88 transistors have been tested by TUE, leading to a paper and presentation at the 
2013 IEEE International Solid-State Circuits Conference (ISSCC) by TUE. 
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(b) 

 

(a) (c) 

Figure 15: Picture of the PEM2a foil (a), 4-bit counter (b) and R-2R DAC (c) processed at 
LITEN 

 

2.4.9 Redesign of PEM1a for the new DRM and circuit density increase 

A redesign of the PEM1a was performed by TuE in July 2012 (Figure 16), to test new 
shrinked DR and to have more statistical data on OTFTs. The distance between N-OSC 
and P-OSC is one of the main limitations to circuit density increase. Test modules of P- and 
N-OTFTs with a reduced N-OSC/P-OSC distance have been designed. Several foils have 
been processed at CEA. Measurements showed that the electrical characteristics of P-
OTFTs are similar with the shrinked OSC distance. We note a shift of transfer curves 
towards positive voltages for few transistors. Concerning N-OTFTs, no major difference was 
observed with the new rule which has been integrated in the DRM to design the next 
masksets PEM2b. 

 

  
(a) (b) 
Figure 16: (a) Picture of a PEM1a foil (b) Redesigned PEM1a 
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2.4.10 Process robustness: Dispersion reduction: Flow 2.2 

In order to be independent from the plastic surface, a study on the integration of a 
planarization layer on PEN before gold deposition has been performed during the second 
part of the year and is still in progress. This new process is called the 2.2 flow. 

Preliminary studies on process robustness have shown stable µ and Vt for N-OTFTs, but 
there is still some dispersion for P-OTFTs. The 2.2 flow is still under development and there 
is still work to improve dispersion and stabilize the flow. 
One sample has been sent to WP4 partners to extract the new model parameters and 
produce the new design tool kit.  

2.4.11 Activity on BEOL  

The issues concerning the printing process of resistors in the 2G CMOS flow have been 
solved and the impact of their integration in the 2G CMOS flow after the OTFTs process 
have been studied. In particular the effect of a final annealing on OTFTs performances 
decreases the contact resistance of P-OTFTs, whereas there is no significant effect on N-
OTFTs. As the impact of resistors integration seems to be reasonable, new models were 
needed.  
 

2.4.12 Techno status: stabilization and yield studies 

2.4.12.1 2.2 flow 

Dispersion of P-OTFTs remained relatively high. Given that the process of the planarization 
layer is a challenging step increasing the complexity of the process flow, we decided to 
process the PEM2b foils with the stabilized 2.0 flow, as well as the PEM3 ones.  

2.4.12.2 Yield improvement studies: new gate layer 

The second part of the period was dedicated to the improvement of the hard yield. Failure 
analysis is hard, but problems of gate leakage were suspected. A new silver ink was tested 
for the gate layer, leading to reduce the gate leakage current and dielectric breakdown. The 
final foils for demonstrators have been processed with this new gate layer. 

The electrical parameters of foil 1817 processed with the new gate ink are the following 
(L=100μm W=2000μm):  
 - μpsat = 2.3 ± 0.6 cm²/V.s  Vtsat = -19.7 ± 0.8 V  Ion/Ioff <107

 

 - μnsat = 0.55 ± 0.03 cm²/V.s  Vtsat = 20V± 0.15 V  Ion/Ioff ~107 

 

2.4.12.3 2.0 flow trends and yield over the project 

We have plotted the trends and yields of OTFTs processed on PEM1a/PEM1abis foils with 
the 2.0 CMOS flow between the end of year 2 and the end of year 4  
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Figure 17 a) and b) shows that threshold voltage and mobility are repeatable with tight 
distributions for N-OTFTs. P-OTFTs have also tight Vt distributions. The mobility is quite 
repeatable from one foil to another, whereas there is more dispersion on a same foil, which 
is inherent to high-µ small molecules OSCs. Ioff (not shown here) remains low (<10-11A) for 
both types. 
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Figure 17(c)) shows that for a Ion/Ioff ratio higher than 3 (chosen criterion for functional 
circuits), N-OTFTs with L=100µm are all functional and for L=20µm, the yield is higher than 
98%. Yield is around 95% for N-OTFTs with L=50µm and L=10µm. P-OTFTs exhibit very 
good Ion/Ioff ratios with a yield higher than 99% for 20µm≤L≤100µm and higher than 98% 
for L=10µm.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Threshold voltage (a), mobility (b) and average yield on 8 foils (c) of N-and P-
OTFTs processed with the 2.0 CMOS flow from 2011 to 2013.  

(a)(b) L=100µm W=2000µm. (c) W=2000µm. 

 

2.4.13 PEM2b processing 

PEM2b was designed at the beginning of the period by WP2 partners. PEM2b consists in 2 
different masksets Top1 and Top2 (Figure 18). Top1 includes the 4-bit Analog to Digital 
Converter (ADC), 2 sensor interfaces, different rectifiers for the RFID tag and 2 different 
architectures for the receiver. Top2 includes digital parts of the RFID tags (code recognition 
units) which have the highest number of transistors (>200). 
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Results were the following: 

- Functional sensor amplifiers and rectifier, but lower performance than expected 

- Functional ADC (except one missing inverter) =~150 transistors design validated 

- One architecture of the receiver validated 

- Code Recognition Unit (digital part of RFID): Different parts were functional (~100 
OTFTs) on different foils, but the complete circuits on one foil have never been 
successfully measured.  

 

2.4.14 Final foils processing for final lead applications 

2.4.14.1 4-bit ADC foils processing 

As the design of the 4-bit ADC was validated on the PEM2b_top1 foils, the redesign was 
not necessary. Thus, PEM2b_top1 maskset has been still used to process the new foils for 
the final 4-bit ADC foils. From January to March, 5 have been delivered to STM Catania for 
circuit testing. Two of the results have to be highlighted: 

 Two fully functional foils, with all blocks working (comparator, counter, DAC) 

 One foil was exploited in a complete system (ADC + Temperature sensor + PCB 

platform+ PCB testing, Figure 19) 

 
 

  
(a) (b)  

Figure 18: Pictures of top1 (a) and top2 (b) PEM2b masksets 
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Figure 19: Picture of the ADC demo 

 

2.4.14.2 4-bit silent tag foils processing 

The final ICs for this lead application were designed on PEM3  at the end of the period by 
WP2 partners. From the end of February to April, 7 PEM3 foils were processed.5 were first 
delivered to UniCT for testing and then, 2 were delivered to Fraunhofer for plastic antenna 
assembling directly on CEA foils and final test at UniCT. Very good results were obtained: 

Functional rectifier and receiver (RX) analog front-end chain on one foil 

The RX analog chain was able to demodulate the 13-MHz ASK PWM signal, while it is 
supplied by the single-ended rectifier. The RFID foil was connected to the Fraunhofer 
double coil antenna by an interface board. Concerning the 2 foils with the assembled 
antenna, the RX front-end (externally supplied) was partially functional. The 13MHz ASK 
signal from the emitting antenna has been transmitted to the EMFT receiving antenna, After 
the signal demodulation, the stream of bits was able to trigger the clock recovery circuit. 

Digital part: Different parts are functional. One complete code recognition unit - more than 
200 transistors- have been successfully measured on one foil 

 

2.4.14.3 Interconnections 

To assure a more robust connection among lead application and the PCB platform, 
commercial flex connectors are added by CEA after the processing of transistors to be 
connected with ZIF (Zero Insert Connectors) on the PCB board. 12 foils have been 
delivered with the flex connectors, which represents 30 assembled connectors. 
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Figure 20: Picture of a CEA foil with flex connectors 

 

2.4.15 Conclusion for printed S2S CMOS process  

During this project, CEA developed and improved a S2S printed CMOS technology with 
high electrical performances. In 2009, CEA started from a first organic CMOS generation 
flow, based on polymer semiconductor material showing low electrical performances (1G 
printed CMOS). During COSMIC CEA has developed a second generation of printed 
organic CMOS flow based on high mobility small molecule semiconductor materials by 
POLYERA for the N-type and Merck for the P-type The COSMIC 2G printed CMOS flow 
has reach µ~1 cm²/V.s has initially targeted in the DOIW. The COSMIC flow developed on 
S2S is among the highest performances at international level for printed flow technology.  

 

 
Table 5: CEA S2S Printed Technology enhancement by COSMIC 

 

Technology development has been done to integrate in a common printed flow N- and P-
type OTFTs. The electrical performances of the complementary S2S technology have been 
improved, leading to mobilities of 2 cm².V-1.s-1 for P-OTFTs (LISICON® S1200 Merck 
Material) and 0.5-0.6 cm².V-1.s-1 for N-OTFTs (Activink® N3000 Polyera material). 

Strong work has also been done to improve the stability and reproducibility of the 
technology. At the end of COSMIC the mobility for OTFT with L=100μm W=2000μm is: 
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 μpsat = 2.3 ± 0.6 cm²/V.s  Vtsat = -19.7 ± 0.8 V  Ion/Ioff <107 
 μnsat = 0.55 ± 0.03 cm²/V.s  Vtsat = 20V± 0.15 V  Ion/Ioff ~107 
 

Yield of the process has been a bottleneck to increase circuit complexity, strong effort have 
been done by CEA team to increase process yield, leading to yield >99% for P-OTFT and 
95% for N-OTFT (for a Ion/Ioff ratio higher than 3, which is considered the criterion for 
functional circuits). 

Printed resistors have also been integrated in the complementary flow, and a 3rd level of 
Printed metallization is available (included in the DTK) to allow circuit design in particular for 
analog circuit and monolithic integration with sensors. 

CEA S2S C-OTFT technology is air-stable (within few months), allowing to send foils to 
other COSMIC partners. CNR Roma has made complete electrical characterization of the 
devices and developed a compact model for the S2S CEA technology.  

Based on ST work a complete Design Tool Kit including a Design Rule Manual, compact 
model and simulation tools is available for the for COSMIC S2S printed CMOS. 

A wide range of digital and analog CMOS libraries have been designed and processed with 
an increasing complexity going from single devices up to circuits with 150-200 transistors; 
moreover, several analog and digital circuits have been successfully measured under 
ambient air by the design partners TU Eindhoven, University of Catania and ST 
Microelectronics like 4-bit counters, R-2R DAC, comparators, receivers including an 
envelope detector and dynamic logic. Several 4-bit ADCs (150 transistors) have been 
tested functional, plus one RFAD code recognition circuit (204 transistors). 

COSMIC has enabled a strong enhancement of CEA S2S technology in terms of circuit 
capability, as depicted in the following table: 

 

Table 6: CEA S2S circuit capability enhancement by COSMIC 

 

During the COSMIC project, CEA processed a total of 327 PEM foils, 54 PEM foils were 
shipped to CNR Roma, TuE Eindhoven, ST and University of Catania (Table 7). This led to a 
strong and fruitful technical interaction and exchange, and increased skills and knowledge 
of the whole consortium. 
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Table 7: List of delivered foils during the project 

 

More than 15 scientific papers have been published within the consortium based on the 
S2S printed CMOS and more than 25 international conferences accepted, among which 
prestigious contributions to ISSCC, ESSCIRC, ESSDERC and IEEE TCAS (see reference 
list, page 75ff). 

PEM3 foils have been integrated into lead applications demonstrators:  

 4-bit ADC lead application, a complete system (printed ADC + Temperature sensor 
+ PCB platform+ PCB testing) has been tested with very good results. The system 
has been able to manage the analog signal of the temperature sensor though the 
ADC at different temperatures. 

 4-bit silent tag lead application, very good results have been obtained concerning 
the rectifier and receiver (RX) analog front-end chain on one foil, which are important 
parts of the lead application. The RX analog chain is able to demodulate the 13-MHz 
ASK PWM signal, while it is supplied by the single-ended rectifier that guarantees a 
dc voltage of 24V. The RFID foil was connected to the Fraunhofer double coil 
antenna by an interface board.  

The code recognition unit (digital part of the RFAD) represents the largest circuit of the 
COSMIC project with more than 200 transistors and around 25/31mm2 area (with/without 
routing and connector). Different parts are functional on different foils, but it’s difficult to get 
all blocks working on a same foil. However, one code recognition unit (Reset Module + 
Identity Verification Module) has been successfully measured, which is an excellent result.  

On the two last PEM 3 foils, the Fraunhofer antenna has been assembled directly on the 
CEA RFID foil. These foils are not fully functional, but on the best foil, however, the 13MHz 
ASK signal from the emitting antenna has been transmitted to the EMFT receiving antenna. 

Year Processed foils Delivered foils

2010 34 PEM1A 2 PEM1A to CNR

2011 129 PEM1A 1 PEM1A to UNICT

9 PEM1B 4 PEM1A to CNR

1 PEM1A to TuE

2 PEM1B to UNICT

3 PEM1B to TuE

2012 69 PEM1A 2 PEM1A to CNR

3 PEM1B 1 PEM1B to TuE

19 PEM2A 11 PEM2A to TuE

2 PEM2A to UNICT

2013-2014 35 PEM1A 13 PEM2B to TuE

22 PEM2B 5 PEM2B to STM

7 PEM3    5 PEM3 to UNICT

2 PEM3 to Fraunhofer

Total 267 PEM1A 10 PEM1A

12 PEM1B 6 PEM1B

19 PEM2A 13 PEM2A

22 PEM2B 18 PEM2B

 7 PEM3    7 PEM3    
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After the ASK signal demodulation, the stream of bits was able to trigger the clock recovery 
circuit. 

From the PEM3 foils that have been tested, a full set of working sub-circuits is available, 
and best scenario is currently being defined to demonstrate the silent tag lead application. 

Cost analysis: Within the project, a first estimation of Cost of Manufacturing of CEA S2S 
technology has been assessed; of course, there are still a lot of uncertainties on the final 
cost of materials, mainly from the organic semiconductors. Our main hypotheses was that 
OSC price per gram in large volume could be 300 euros ( prices for PEN substrate and 
encapsulation are better identified), and that the S2S printed facility was using tools at 
throughput of 1 sheet/mn, with sheet size of 450mm x 600mm, with full time operation (~25 
production people). 

We converge then to manufacturing cost of ~150 Euros/m2 (including tool depreciation 
cost, ie lower cost could be obtained after 5 years of depreciation), which is consistent with 
previous estimations (ie FP6 PolyApply project). 

Another key feature of S2S technology is the low CAPEX needed for tools and buildings: 
with an investment of ~16 MEuros approx. – i.e. accessible to european SME’s – one can 
start production with a capability of 100k m² of printed circuits per year. 

Beyond COSMIC, CEA S2S technology has spread so that more circuits and applications 
have been tackled exploiting COSMIC S2S DTK:  

- FLEXNET FP7 NoE project a demonstrator consisted in a OTA, externally coupled with 
a flexible organic photodetector was designed, realized and successfully tested. Results 
have been published2. 

- IM2NP (French academic laboratory) has design with 
COSMIC DTK a row decoder (~70 OTFTs) this circuit was 
tested functional down to voltage supply as low as 5 volts, 
and has been extensively characterized and measured over 
a 6 month period showing good working lifetime.  

However during this project, we pointed out two main difficulties 
and challenges that still remain to industrially exploit the printed 
CMOS technology.  

 The first one is the hard yield. Circuits with more than 250 OTFTs sounds to be some 
kind of upper limit for CEA printed S2S technology in our current clean room 
environment with at lab scale equipments. A clear improvement will come from the 
migration of these technologies on our PICTIC platform running pre-industrial tools in 
larger format (320mmx380mm). This transfer is in the CEA’s roadmap and should be 
supported by collaborative and industrials partnerships.  

                                            
2
 G. Maiellaro et. al: Ambient Light Organic Sensor in a Printed Complementary Organic TFT Technology on 

Flexible Plastic Foil. IEEE Transactions on Circuits and Systems, 61, p.1036-1042 
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CEA PICTIC S2S Gen1 Printing Platform 

   

 The second risk concerns the circuit reliability under test. Results are puzzling: 
when circuits are functional, some of them stop working after several hours of test. 
Failure analysis is uneasy but some hypotheses can be stated: 

o Problems of ESD (ElectroStatic Discharge) during circuit tests were suspected by 
WP2 partners. The final foils have flexible connectors to be tested via the PCB 
where protection diodes have been added to avoid ESD effects. 

o The second point concerns the analog printed ICs which are more sensitive to 
instability. The bias stress during test could enhance some OTFT parametric 
dispersion, which is detrimental for analog blocks. (CEA has a better experience 
on printed digital circuits, where lifetime under bias is not a concern; also refer to 
WP4: bias stress on a S2S printed Ring Oscillator). 

o Moreover, the interconnection of foils with PCB boards may have some impact: 
even if protection diodes have been inserted on the PCB to prevent from ESD, 
some problems could originate from impedance matching between flexible IC and 
PCB electronics. 

 

In summary, very good results were obtained at devices level, with high performances 
Complementary-OTFT and also at a circuit level, with a large library of digital and analog 
CMOS circuits functional under ambient air.  

Complementary organic circuits were never been processed and measured before 
COSMIC with such complexity and by printed technology.  

Yield and reliability have to be improved to achieve higher complexity circuits with more 
than 200 transistors as well as failure analysis of the circuits to understand precisely the fail 
mechanisms. 
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Enhancements of CEA S2S technology within COSMIC: technology, circuit and yield 
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2.5 Roll-to-Roll Technology Platform (R2R) 

Starting point for Fraunhofer EMFT at the beginning of the COSMIC project was an existing 
p-TFT technology based on top gate architecture with PTAA as polymer semiconductor. 
Within this project it was intended to introduce new p-type organic semiconductors (OSC) 
with higher mobilities and n-type OSCs to allow for complementary digital circuits.  

The material selection has also an impact on the material system and fabrication process 
used. The most significant change has been a switch from top-gate to bottom-gate 
architecture for an organic thin film transistor (oTFT) for reasons of processing compatibility 
between the used materials and solvents. 

2.5.1 Materials 

Substrate 

As substrate for OTFTs PET or PEN film has been used in carrier based pre-experiments 
as well as in fully roll-to-roll processed designs. It soon turns out that the film surface has a 
high impact on the yield of the basic oTFT structure, therefore only planarized and heat 
stabilized PEN films with less defects from DuPont Teijin has been used in the later stage of 
the project. 

Organic Semiconductor 

The project was started with TIPS-pentacene as p-type OSC material. This material has 
been chosen since it is commercially widely available and from literature reports that it can 
reach rather high mobility (>1 cm/Vs).  

Situation is more complicated for the n-type OSC material. Materials with acceptable 
performance are perylene derivatives. As some of them are only restricted available from 
suppliers, Fraunhofer has limited itself to a less performing but freely available n-type 
material (Polyera N1500).  

A qualification test has been 
done on a silicon wafer surface 
with gold source-drain 
electrodes. Form this quite 
acceptable results have been 
achieved for p- and n-type 
OSC performance (Figure 21) 

Unfortunately transfer from 
rigid to flexible substrates 
turned out to be not as 
straightforward as expected. 
Especially for the n-type oTFT 
these results could not be 
reproduced on plastic films, as 
described in the subsequent 
parts of the report. 
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Dielectric for gate insulation 

Gate insulation between gate and source-drain electrodes is one of the most critical layers 
in the oTFT stack since low thickness has to be combined with a very low defect density, 
since otherwise the risk of a shortage between both electrode layers is rather high. 
According to our observations gate dielectric failures are one of the major sources for 
insufficient hard yield.  

Fraunhofer used either a PVP or PMMA layer for fabricating this insulating layer with a 
thickness below 1 µm. To get this stable in processing it has been modified with a 
crosslinker agent, which in principle makes it also photopatternable. With regard to the 
temperature stability of the plastic film substrates a photo acid generator is added to reduce 
pre- and post-bake temperatures. 

 

2.5.2 Processes 

The layer stack for an oTFT is in principle shown in Figure 22. Process development for the 
different individual coating and patterning steps are described in the following: 

 

 

 

 

Gate Metallization 

Gate metallization is patterned with a R2R photolithography process (consisting of 
laminating resist, UV exposure, development and etching). As metal a thin copper layer of 
100 nm thickness is used to minimize topography effects on subsequent layers. The copper 
layer is deposited with a roll-to-roll sputter equipment. 

 

Deposition of Gate dielectric  

To simplify matters a lot of experiments have been carried out with spin-coated gate 
dielectrics. However as spin-coating is totally excluded in roll-to-roll processing a deposition 
process for continuously wet coating has to be developed. Fraunhofer used a lacquering 
equipment with a slot die coating head. Major quality parameters for this development are 
low layer thickness with high uniformity. After some parameter optimization, which included 
also some hardware modifications of the coating head, a dried and cured layer thickness of 
500 nm with uniformity in transvers direction better than ±15% (3σ) could be achieved. 

Figure 22: Bottom gate configuration for organic TFTs.  
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Several investigations have been carried out to pattern the dielectric. Direct 
photolithography, as the most efficient process, turned out to be too inhomogeneous to 
avoid residues and subsequently bad contacts in via interconnections. Also direct laser 
ablation has been applied but turned out that ablation selectivity between metal and 
dielectric is too difficult to control. Finally plasma etching delivers the best and most 
reproducible results. Via holes with dimensions down to 50 µm have been fabricated. 

 

µ-Dispensing of OSC solution 

Organic semiconductor is one the major cost factors in the materias bill of organic 
electronics. For this it is absolutely necessary to use for its deposition a purely additive 
process, like printing. Experiments with Inkjet printing (using a Dimatix Printer) has turned 
out to be much too slow for a reasonable fabrication, since a reasonable semiconductor 
thickness and uniformity can only be achieved by multipasses of the print head. Therefore it 
was decided at Fraunhofer EMFT to use a microdispensing process with a fully automatic 
positioning module.  

In general, but especially in µ-dispensing, major challenge is to control surface tension and 
the spreading of the dispensed liquid as wells as to reproduce the drying process. Both 
processes are interacting and are very dependent on the used materials and surfaces. 
Already small changes in the surface preparation can affect forming of the semiconductor 
layer and correspondingly the transistor performance.  

Especially in crystalising OSCs like TIPS pentacene the crystal growth is not well 
predictable. It has been observed that e. g. TIPS pentacene needs quite slow drying in 
solvent atmosphere to form crystals, whereas perylene need rather fast drying to form the 
targeted morphology. In consequence crystallinity and correspondingly transistor 
characteristic is largely varying. A lot of work has been carried out for getting this central 
problem under control, but finally with only minor success. This was one main reason at a 
later stage to change from TIPS pentacene to Flexink LCP material. 

Deposition of the organic semiconductor (OSC) has been tested with µ-dispensing unit 
(Vermes). Many parameters influence the result and therefore a lot of parameter variations 
have been carried out to find some optimum OSC deposition. Large improvements in drop 
deposition and drying uniformity have been achieved by using solvent mixtures for the 
OSC, especially coffee staining can be reduced.  
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Figure 23: Optimized TIPS-Pentacene deposition with a solvent mixture of 
Dichlorobenzene (Major) and Xylene (Minor) 

 

Passivation for OTFTs 

Sensitivity to oxygen and water vapour has been one of the major reliability issues of 
electrical conductive polymers. In mean time there are OSCs on market, which are much 
more stable under ambient conditions, but nevertheless long-term degradation takes place. 
For this it is rather necessary to protect also organic electronics from abient influences. 

Two different passivation materials were tested in the reporting period: parylene and 
aluminum oxide. Using aluminum oxide as passivation material, a drop of the drain-current 
(in on-state) to 1% of the initial value was recorded. Best results in this work were achieved 
with the parylene passivation. Parylene coating is very conformal, homogenous and inert. 
Parylene will therefore not dissolve the organic semiconductor.  

The on-current degradation in humid environment (test conditions 85°C/85%r.H) was 
impeded compared to organic transistors without passivation. Up to 10 times higher life 
times have been observed for parylene passivated transistors. However the barrier 
properties seem to depend on the patterning process used and the observations of 
hysteresis during storage in humid environment have shown that parylene cannot protect 
fully against humidity penetration.  

 

2.5.3 Passive Components 

High-ohmic resistors 

Several pastes for printing resistors with nominal resistance values from 100 Ohm/sq. to 
1 MOhm/sq have been investigated. This includes a complete carbon paste system from 
ESL (ESL12xxx series) as well as some commercial materials from Peters, PEDOT and 
ITO paste. The latter was tested especially in view of the high-ohmic temperature sensor. 

Carbon resistors could be fabricated with acceptable variation (<10%) on plastic film 
substrate and with high mechanical stability (they passed 100 cycles of mechanical bending 
over a 10 mm radius. The most troublesome property of these transistors is the long-term 
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thermal stability, which can only be improved in a very time consuming annealing step. 
Several hours at 100°C have been observed as necessary to reduce the residual resistor 
drift below 1%. 

 

Capacitors 

Plate capacitors have been fabricated within the process flow for transistors by using gate 
and source/drain conductor as electrodes and the gate dielectrics as capacitor dielectric. Up 
to 50 mm² large capacitors have been fabricated, which show a capacitance value of 
38pF/mm2. Leakage currents are scaling with the perimeter of the electrodes, but are in the 
range of 1nA/mm. This allows integrating capacitors up to 2 nF in a monolithic way. 

 

Antenna 

The RF interface is a key component not only for identification (RFID) or authentication 
(Silent Tag), but also for any other contactless power supply. Main challenge in this field is 
to achieve a reliably manufactured diode working at 13.56 MHz and able to deliver enough 
voltage and current to satisfy the power requirements of an organic circuit.  

For maximum performance the RF interface should be best tuned with its resonance near to 
the 13.56 MHz reader frequency, since this allows for a maximum of induced power in the 
label resp. improves reading distance. However it is rather difficult to meet this frequency, 
because of the changes in resonance caused by any additional capacitance in the system. 
E.g. the resonance frequency drops from 12 MHz of the unpassivated layout to 10.9 MHz 
by covering the coil with the passivation. For this a better resonance tuning of the sensor 
label layout is only possible after a complete fabrication of the system. 

Of course, the usable voltage for the organic circuit in the label depends on the reader 
parameters e. g. RF power, reading distance and the current needed to supply the circuit of 
the label. To benchmark the 
influence of the circuit load an 
RF interface has been tested by 
using a standard silicon diode. 
Measurement of the DC output 
voltage has been made in quasi-
contact with the sender coil. As 
load capacitor a capacitance of 
680 pF has been used, which 
can be well fabricated as planar 
capacitor. The result is that up 
to 0.7 mA can be supplied to the 
circuit without considerable 
voltage drop.  

 

 

 

 

Figure 24: Measurement of resonance frequency of the RF 
antenna 
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2.5.4 P-type transistors 

For the initial phase PEM1 has been designed and fabricated (Figure 25), but the full 
processes run leads to large difficulties. Cracking of metallization layers and irremovable 
resist residue has already reduced the usable patterns before semiconductor deposition. An 
additional drawback arose from the use of a thin adhesion layer, which ensures adhesion of 
the source-drain pattern. But very thin base metal 
layers strongly influence matching of work 
functions between metal and semiconductor and 
leads to non-ohmic barrier-like contacts. In 
summary the oTFT produced turned out to either 
not usable or only of limited value. 

As the conflict – no adhesion or no performance – 
turns out to be not solvable Fraunhofer favoured 
after the PEM1 cycle a new approach with printed 
carbon electrodes, since this was promising to 
enable a SAM-less electrode approach applicable 
for both p- and n-type semiconductors. However it 
turned out that the fabricated TIPS pentacene 
oTFTs are not capable for circuit integration. 
Reasons for this are high channel resistance and 
also contact resistances, which also behave 
irreproducible and result in varying inverters. 

In parallel to the work started in PEM1 a new test 
pattern for organic transistors has been fabricated 
(Figure 27). Within the new concept there is no 
need for very complex circuit levels and for this 
only test circuits up to the level of ring oscillators 
have been included. 

This design has been fabricated in roll-to-toll by 
using EMFTs photolithography process on 150 
nm thin film metallization. For this the resolution 
limitation for the channel length in printed 
transistors (min. 150 µm) could be reduced to 20 
µm. Indeed a considerable improvement in OTFT 
parameters could be achieved, as shown in the 
following table:  

 

 

 

 

 

 

 

 PEM1 phase PEM2 phase 

µ [cm2/Vs] 0.03±0.02cm² 0.16 ±0.03 

Uth [V] -3 ±2.9 -2 ±0.7  

IGate @0V [nA] 45 ± 59 1.5 ± 1.0 

On/Off <1000  >5000 
Figure 27: PEM2bTest pattern for oTFTs 

(200x200 mm²) 

Figure 25: PEM1 layout and single 

oTFT pattern (insert) 

Figure 26: Printed oTFT version 
(PEM2a) 
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However results on the oTFT suffer still from large device-to-device variations and the 
device characteristics has been too bad in integrating this oTFTs successful to circuits, so 
that even ring oscillators did not work. 

Overall the situation in oTFT R2R processing of oTFTs is very disappointing. In a last 
activity Fraunhofer EMFT concentrates as a final option on a new material system based on 
Flexink LCP organic semiconductor FS111 
(Figure 28). Although this material, which has 
been investigated in parallel, showed a lower 
saturation current, its improved performance 
spread, makes it the better candidate for circuit 
integration.  

There have been several reasons from material 
and processing that this approach could not be 
carried out in due time on roll-to-roll base (only 
insufficient SU8 dielectric material available, use 
of an evaporation process). For this the process 
has been done on a carrier approach similar to 
the W2W platform. 

On one hand side results of these experiments have been very positive: Hysteresis is 
almost absent. oTFT characteristics are well reproducible. on the other hand the goal to 
make the oscillator work failed again.  

 

2.5.5 N-type oTFT 

Initially n-type materials used by Fraunhofer EMFT were Polyera’s ActivInk® N1400 and 
ActivInk® N2200. A blend of the two semiconductors was prepared to optimize 
performance of the semiconducting layer, but it leads to no solution of the related problems 
with hysteresis, high negative threshold voltage and after all the big variation window of the 
performance parameter.  

Because of these unsolved issues the decision was made to change the n-type OSC 
material. Two further material tests have been carried out: Polyera proposed Fraunhofer 
another material ActivInk® N1500, which is supposed to perform better in the process flow. 
After receiving this N1500 material tests have been carried out. Together with gold 
electrodes the material shows an indefinite and unusable behavior. In combination with 
carbon electrodes the material works fairly with a mobility of 0.05 cm²/Vs, but performance 
suffers from high off currents and correspondingly low on-off ratios, which makes it quite 
useless for Fraunhofer.  

A further material test has been arranged in cooperation with CEA 

Fraunhofer EMFT provided the pattern for bottom-gate devices with gold source-drain 
electrodes and cross-linked PVP dielectric in different thicknesses (1.3 and 1.8 µm). OSC 
formulations have been provided by CEA and tried with and without self-assembled 
monolayer. Deposition of the semiconductor was made by µ-dispensing. 

Result of this test has been that as expected the material behaves better than all of the 
other n –type materials already tested by EMFT with much better defined threshold 
voltages. However the main drawback within this investigation is the large variations from 

Figure 28: oTFTs based on Flexink OSC 
and SU8 dielectrics 
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one oTFT to the next, where parameters differ more than a factor of ten. This indicates that 
there are still uncontrolled factors in processing or the material.  

For this the decision was made to end the n-type development and continue with p-type 
only circuits.  

 

2.5.6 Organic diode 

Recent scientific publications show that diodes based on pentacene and poly-thiophenes 
(P3HT) are able to reach rectification at 13.56 MHz using these materials. The problem 
associated with both materials is that solutions have to be prepared in a nitrogen 
atmosphere and the material is quite sensitive to atmospheric conditions. Also in both case 
the process variability is depended on the crystallization of the organic semiconducting 
layer. Failure to control the process very accurately results in large variation in diode 
performance in ever batch. Also the risk of short-circuiting two electrodes only separated by 
a sub-µm layer is in practice very high. So it can be seen that though in theory, high 
performance diodes can be fabricated, but there exist a number of practical disadvantages 
in either case.  

The measurement setups 
devised for the evaluation 
purpose are shown in Figure 
29. Here it can be seen that we 
opted for a simple structure 
based on the usage of gold (Au) 
as the hole injecting electrode 
and aluminum (Al) as the 
barrier electrode. The design 
variation was based on 
implementing a simple structure 
(such as the simple sandwich 
structure) up to more complex 
lateral structures with the use of 
a hole-injecting layer (HIL) to 
further improve the 
performance. 

A sample of FS-102 was received from Flexink. FS-102 is yellow flakey material which is 
easily dissolvable in a range of common solvents. It is a copolymer which is polymerized 
with a five ring co-monomer, idenocarbazole. The material has been functionalized with 
bulky side-chains to suppress crystallization, leading to an amorphous behavior. In theory 
this material should show improved diode characteristics.  

Flexink’s OSC have been characterized together with other OSC materials (TIPS, 
pentacene) in the different setups for the diode. Although, in comparison with results with 
TIPS-Pentacene, it may seem an order lower in performance, but it behaves much more 
consistent over multiple devices. The other advantages besides the reproducibility would be 
the ease of roll-to-roll manufacturability.  

Figure 29: The different setups developed to evaluate the 
organic diodes. 
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Best results have been achieved with 
Flexink’s FS102 material with PEDOT as 
hole injection layer. Current densities of 
100 A/cm2 are reached with ON/OFF of 
105 and indicate excellent diode 
performances, but the downside of these 
diodes is the fact that the lifetimes are 
relatively short (~2 months).  

The frequency responses of the diodes 
were measure at the HF Lab of the TU 
Berlin. The results are shown in the Figure 
31. The measurement was performed at 
10 kHz using a 1µF hold capacitor. The 
results show an acceptable frequency 
performance in the KHz range. Suitable 
specific applications are needed to find use 
for these diodes, but however it has not 
been succeeded to bring the cut-off 
frequency in the 13 MHz region, which 
means that there is no possibility to make 
the RF circuit with an organic 
semiconductor solution. 

 

2.5.7 Circuits 

As mentioned already in section 2.5.4 
Fraunhofer did not succeed to reach a stable 
circuit integration.  

The reason for the unsuccessful circuit 
integration work can be explained in the 
following way. Inverters we are testing are p-
type, which show by principle a generally low 
noise margin, meaning that they are much 
more sensitive to variations. In our case 
individual inverters show the right 
characteristic, but as a whole the deviations 
from inverter to inverter characteristic are still 
so high that there is always a loss of signal 
levels in a digital circuit. 

This situation is reflected in noise margin 
representation (Figure 32), where the measured inverter curve is shown together with its 
mirrored characteristic with exchanged input and output voltages. For good operation a 
pronounced intersection of these two curves at the high and low level is necessary to obtain 
reliably working circuits. 

EMFT has processed ring oscillators (see Figure 33), but still has not succeeded in 
fabricating reliably working organic circuits. For failure analysis every transistor in the circuit 

Figure 31: Full wave rectified output signal at 
10 KHz for Type2 diodes using a 1µF capacitor 

Figure 32: Averaged inverter characteristic 
and its mirrored counterpart shows 
practically no noise margin 

 

Figure 30: Type 2 diode I-V characteristics and 
grouping results 
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has been measured separately Although the results show a rather good reproducibility and 
certify the development improvements, they are still not good enough to obtain a steady 
oscillation. Residual variation depends mostly on process control and not from geometrical 
influences of the layout. However EMFT assumes good prospects to get out of the previous 
standoff situation. 

 

Figure 33: P-type ring oscillator 
 

2.5.8 Temperature Sensor 

A resistive principle has been chosen for the printed temperature sensor. Two major 
requirements for this sensor have been specific to COSMIC. It should be very high ohmic to 
keep the power consumption very low and it should offer a high temperature coefficient of 
resistance (TCR) to reach a sufficient sensor signal. A material combination of printed 
carbon (10 kOhm/sq).and printed ITO (used normally in EL applications) has been selected. 
The resistors have been matched in their value (500 kOhm) and are arranged as voltage 
dividers (half bridge) with the option to interconnect them to a full Wheatstone bridge. The 
ITO material in the bridge shows a highly negative TCR (-6300 ppm/K). 

To fabricate the temperatur sensor, 3 layer are screen printed, one for the conductive lines 
with a silver paste, and the two printed materials for the sensor bridge. A detailed view on 
the printed resistors is given in Figure 34. 

A common problem with printed resistors is 
that they require stabilization in an annealing 
step with an annealing temperature distinctly 
higher than the later operating temperature, 
but but of course with plastic film devices 
annealing temperature must be kept below 
the maximum operating temperature of the 
substrate. From this one ends up with quite 
long annealing times for at least 2 hours at 
150°C.  

During climate tests silver migration has 
been observed at humidity levels above 
70%r.H. For this the sensors have been 
additionally coated with a passivation layer. 

  

Figure 34: Detailed view of the printed 
temperature sensor on PET- foil 
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2.5.9 Sensor label 

The concept of a sensor label is based on a standard RF antenna, whose amplitude in an 
RF field is modulated by an internal oscillator. This modulation of the antenna can be 
detected coupled RF system of sender and receiver also at the sender and therefore the 
modulation frequency can be 
contactless transmitted. If the 
oscillator itself is changing its 
frequency according to some sensor 
signal also this sensor can be 
remotely interrogated. A schematic of 
the circuit is shown in Figure 35.  

The principle operation of this device 
has been shown with silicon devices 
(Figure 36). The frequency of the 
modulation signal (1 kHz) can be 
detected at the reader. For COSMIC 
the concept has been to integrate the necessary devices – antenna coil, capacitor, diode, 
oscillator, modulation transistor and sensor – as plastic film devices. 

 

Figure 36: Proof of principle for the sensor label concept with silicon devices. The frequency 
of the modulation signal (orange) can be detected at the reader (blue) 

Figure 35: Sensor Label demonstrator –schematics 
and components 
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Figure 37: Processing sequence for fabrication of the antenna 

 

 

2.5.10 RF interface 

RF coils for 13.56 MHz frequency have been 
fabricated using Fraunhofer EMFT s 
Photolithography and electroplating 
approach. It is a thin film technology with 
several processing steps. To complete the 
coil a conductor crossover is printed to 
complete the coil. This printing process has 
been simultaneously used for integrating 
capacitors for tuning the resonance 
behaviour. Schematically processing 
sequence is shown in Figure 37. 

Different layouts for the antenna have been 
designed and included in one mask layout. 
Fraunhofer EMFT designed its coil as a smart 
card sized base substrate offering contact 
pads for all the devices to be integrated in the sensor label. TUE, ST and UNICT simulated 
specific antenna layouts for the use in the silent tag and mixed application, these were 
finally included in the mask. The finally fabricated roll of antennas is shown in Figure 38. 

 

2.5.11 Foil to foil assembly 

Although a major goal for organic and printed electronics is to reduce assembly steps in 
system integration, this cannot be avoided in many cases, since there may be reasons from 
processing compatibility or yield considerations. Also for COSMIC lead applications some 
integration steps are based on the assembly of different foil devices. Especially this is the 

Figure 38: Finished antenna tag for 13.56 MHz 
interface 
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case for the integration of copper antenna coils as they are needed for RF based 
applications like the Silent Tag or the sensor label.  

Exemplarily foil-to-foil assembly is shown in Figure 39, where the oscillator, load transistor 
and diode are mounted on the RF antenna substrate for the sensor label application. Main 
process steps are coating rear side of device with adhesive, laser drilling to form via holes, 
aligned joining of both foils and filling the openings with an appropriate low-temperature 
curing adhesive.  

A similar process has also been carried out to join silent tag device from CEA with an RF 
antenna. 

 

 

Figure 39: RF antenna with mounted oscillator, load transistor and diode 
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2.6 High-Mobility Semiconductor Materials  

TUB and Flexink demonstrated that the transistor performance spread can be drastically 
reduced by using a liquid-crystal polymer as the semiconductor. Our investigations on the 
molecular structure of the LCP revealed a high ordering of the molecules even in the liquid 
phase which further improves after annealing explaining the improved reproducibility of the 
organic transistors by using this material. In addition, similar device characteristics in 
performance were achieved to TIPS-pentacene on same teststructures. 

Furthermore, the surface quality of the dielectric was found to be the most critical factor in 
order to get high charge carrier mobilities. Promising results were observed using organic 
dielectrics exhibiting smooth and defect-free surfaces whereas poorly performances on 
pure inorganic dielectrics were achieved due to high trap densities at the 
semiconductor/dielectric interface. The trap site density can be drastically reduced by a 
SAM treatment of the inorganic material forming a hybrid dielectric. The type of SAM 
determines the surface quality and thus the transistor performance. SAMs featuring 
nonpolar functional groups have proven to achieve the highest mobilities and low hysteresis 
issues which correlate with the results using organic dielectrics with values of 0.4 cm2/Vs 
and 0.1 cm2/Vs, respectively. However, the process flow for using hybrid dielectrics was 
found to be more sophisticated but such devices featured lower supply voltages due to 
different dielectric constants and dielectric thicknesses compared to transistors based on 
organic dielectrics. Furthermore, the effect of different semiconductor deposition techniques 
on the transistor performance was evaluated showing that drop-coated devices exhibit 
similar charge carrier mobilities as seen with spin-coated devices. However, on/off ratios 
can be improved by using a drop-coating procedure due to the reduction of the current 
leakage pathways in the off-state.  

In conclusion it can be stated that the new high performance LCP materials provided by 
Flexink seem to be a promising alternative to commonly used state-of-the-art organic 
semiconductors. We suggest that optimization of the OFET fabrication processes and/or 
molecular structure of the LCP will further improve the transistor performances with charge 
carrier mobilities in excess of 1 cm²/Vs and reliable device-to-device reproducibility needed 
for the successful realization of organic integrated circuits. 
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2.7 Reliability and Modelling (WP4) 

The purpose of this work package was to carry out electrical characterization of organic 
TFTs to perform benchmarking of the different technologies and to develop the model to be 
included in the design kit. Furthermore, the reliability of the single devices and simple 
circuits have been assessed in order to optimize the device design, materials and 
processes. The measured device electrical characteristics have been used to develop The 
new device model developed in this work took into account the peculiarity of the electrical 
characteristics of COSMIC devices resulting from the analysis of the experimental data 
performed in task 4.1.  

The work has been carried out in strong collaboration with WP3, that provided the devices 
and received the results of electrical characterization, and WP2, that applied the developed 
model and design kit to design the final circuits for the demonstrators.  

Below the main activities and results obtained for each task are reported 

 

2.7.1 Device characterization for benchmarking and device modelling  

Common testing procedures and device parameter definitions were initially defined in order 
to evaluate as precisely as possible the figure of merit of the device indicated in the project 
and to make comparable the electrical characterization performed by the different partners. 
The final version of the testing procedures has been elaborated on the basis of preliminary 
electrical measurements on test devices and considering the suggestions of the partners 
(milestones M22).  

The activity of this task can be split in two parts relative to the two phases of the project, 
relative to the development of the Pem1 and Pem2 devices. A complete electrical 
characterization of the devices has been performed for each set of samples. 

 

Pem1 samples  

In regards to Pem1 devices, WP3 provided 5 foils of CMOS devices for S2S technology, 2 
foils of p-type and 2-foils of n-type for R2R. For W2W technology, samples by TNO have 
been measured samples provided by TNO, while IMEC provided experimental data for its 
samples in order to avoid degradation of the devices, due to the sensitivity of the devices to 
the air. Devices fabricated by of TUB OTFTs by using Flexink organic semiconductor were 
also characterized. 

Particular attention was devoted to analyse the electrical characteristics of S2S devices. 
Indeed, these devices showed high field effect mobility for both p- and n-type devices and, 
as a consequence, the influence of parasitic contact resistance became important in short 
channel devices. Contact effects have been analyzed in detail (see Valletta et al. APL 
2011) also by using 2D numerical simulations (Rapisarda et al. Org.El. 2012 and Mariucci 
et al. Org.El.2013). The analysis showed that the experimental characteristics could be 
reproduced by considering Schottky barrier at the source-drain contacts and current 
spreading occurring along the source contact. In these staggered devices at low Vds and for 
a given Vgs the current is mainly injected from an extended source contact region, however 
for increasing Vds the depletion layer of the Schottky contact expands and reaches the 
insulator-semiconductor interface, causing the pinch-off of the channel at the source end. 
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For higher Vds the current is injected primarily from the edge of the source contact and is 
strongly enhanced by the barrier lowering. These results induced us to develop a new 
device model that included the observed contact effects, in order to obtain a model with a 
more accurate description of contact resistance that remain valid for all channel lengths.  

Capacitance – Voltage (C-V) measurements on S2S devices of sample were also carried 
out (see Valletta et al., submitted to IEEE Trans. on Electron Devices). By using different 
measurement set-up, the device capacitance variations have been measured as a function 
of gate bias, drain voltage and frequency. The results showed the presence of large 
parasitic capacitances related to the process tolerances of printing techniques. The 
capacitance experimental results were taken into account for designing circuits used in the 
demonstrators and was used to develop a small signal capacitance model (see below, and 
the paper Valletta et al., submitted to IEEE Trans. on Electron Devices). 

Finally, the electrical characteristics of BEOL resistors and BEOL Temp-Sens (sample 
ATO-DP) samples, fabricated by EMFT were measured at room temperature and at 
different temperatures (20°C…150°C).  

 

Pem2 samples  

Two foils of Pem2 S2S were characterized and their electrical characteristics and device 
parameters were compared to Pem1 samples (deliverable 4.3). The new mask set used for 

Pem2 samples included devices with long channel (up to 400 m), allowing to measure 
device characteristics not affected by the parasitic contact resistance and to correctly 
evaluate the device field effect mobility. p-type devices showed a field effect mobility 

between 1 and 1.5 cm2/Vs, while for n-type devices FE was a little less than 1 cm2/Vs. As 

for Pem1 devices, FE –values decreased with decreasing channel length, due to contact 
effects. Both p- and n-type devices, on the same substrate, were affected by a large spread 
of the electrical characteristics and devices parameters. 

As for Pem1 devices, the analysis of electrical characteristics of W2W devices was 
performed on the basis of the data provided by IMEC (deliverable D4.3.1). p-type devices 
showed a gm-reduction in the on region that could not be explained by contact resistance 
and could be related to charge trapping into interface states. Instead, contact resistance 
affected the electrical characteristics of short channel n-type transistors, in particular at low 
Vds. 

Three different samples of R2R technology were characterized. The first sample included 
OTFTs with TIPS semiconductor active layer, fabricated with two different dispensing 
setting. The other two samples were fabricated by using semiconductor Flexink’s FS111 as 
semiconductor. Contrary to Pem1 samples, TIPS devices showed just small hysteresis that, 
as it was present for measurements performed both in air and under nitrogen atmosphere, 
was not induced by the moisture. Field effect mobility calculated from the saturated transfer 
characteristics ranged between 0.02 and 0.13 cm2/Vs, while threshold voltages were about 
0 V. Devices with Flexink semiconductor had two architectures: bottom gate/bottom contact 
(BGBC) and bottom gate/top contact (BGTC). These latter devices showed larger field 
effect mobility, but still in the range of 0.02-0.06 cm2/Vs.  
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2.7.2  Reliability 

Reliability tests of COSMIC devices have been carried out by applying prolonged (up to 

6x105 s) high gate bias (|Vgs|=20÷70 V) and low (|Vds|=0÷0.1) drain voltage, in order to 
obtain a uniform distribution of electric field and charge density along the device channel. 
Measurements have been performed keeping the samples in air or N2-atmosphere and at 
different temperatures. Moreover, gate bias stress measurements have been also 
performed in saturation conditions (|Vds_stress|>|Vgs-VT|). Transfer characteristics have been 
monitored at selected times during the bias-stressing cycles. Furthermore, recovery of 
electrical characteristics after bias stress has been also measured, keeping the device in 
dark or under illumination conditions. 

Seven samples (5 Pem1-foils and 2 Pem2-foils) fabricated by CMOS S2S technology have 
been characterized. The last sample of Pem1 devices and the Pem2 foils showed a similar 
behaviour under bias stress, however though the last Pem2 sample showed an improved 
stability, in particular for p-type devices, proving the improvement of S2S technology. In 
general, the electrical characteristics variations depended on environmental measurement 
conditions (air or N2), temperature and device polarization (Vg and Vds) (see Rapisarda et al. 
APL101, p.233304, 2012). The influence of the drain voltage was attributed to device self-
heating when devices were operated at high Vds. In summary, the experimental results 
showed that bias stress instability in both p- and n-type S2S devices resulted from the 
combination of two mechanisms: the first caused a VT-shift opposite to the polarity of the 
gate bias (“mobile ions” like VT-variations), and the second one that induced a VT-shift 
according to the polarity. This second mechanism was likely related to charge-trapping into 
semiconductor and, since it disappears when bias stress was performed in inert 
atmosphere, the charge trapping was probably related to defects induced by water 
absorption into semiconductor. More difficult was to identify the origin of the first 
mechanism. By comparing the VT-shift induced in both n- and p-type OTFTs by positive and 
negative gate bias, it was possible to rule out the mobile ions as instability cause, while it 
was probable that the mechanism was related to the semiconductor. One possible origin 
was the creation/annihilation of acceptor-like states into the semiconductor (see Rapisarda 
et al. APL101, p.233304, 2012). 

The reliability of W2W and R2R devices was also tested for both Pem1 and Pem2 samples. 

W2W Pem1 p-type devices provided by TNO showed large hysteresis of transfer 
characteristics that affected the reliability measurements. Their instability appeared related 
to charge trapping that induced threshold voltage shift with possible defect state creation, 
as indicated by field effect mobility reduction.  

The electrical characteristics of W2W Pem2 devices fabricated by IMEC (that also provided 
the experimental data) showed variations under positive and negative gate bias that can be 
related the charge trapping into the semiconductor or at the semiconductor/insulator 
interface for both p- and n-type devices.  

R2R Pem1 devices showed large hysteresis when measured in air, likely due to dielectric 
instability, while no hysteresis was observed in Pem2 devices. Electrical characteristics of 
both Pem1 and Pem2 samples were largely affected by the light (deliverable D4.2.1_3 and 
D4.6.1_3). Indeed, after turned-off the microscope light and keeping the devices in dark 
without polarization, electrical characteristics showed a slow variation with large on current 
reduction and a relatively small Vonset change. Electrical characteristics stabilized after 
several hours. Light induced effects have been already reported in literature (see, for 
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instance, Fujieda et al., IEICE Trans. Electron., vol. E96-C, p.1360, 2013) but it is still not 
clear their causes. In order to discriminate between light and gate bias effects, bias stress 
measurements were performed after stabilization. Indeed, starting the reliability 
measurement before the complete relaxation of the electrical characteristics, the variations 
induced by light effects and relaxation could be attributed to the gate bias. The devices (p-
type) showed good stability under positive gate bias stress, while negative gate voltages 
induced large deformation of device characteristics.  

Reliability of circuits (inverters and ring oscillators) of Pem2 S2S technology was 
investigated. The electrical characteristic variations of the ring oscillators and inverters 
observed during bias stress are in agreement with the electrical characteristics changes 
measured on single devices. The CMOS circuits showed quite good stability that was likely 
related to the compensation of the electrical characteristics shifts of p- and n-type 
transistors.  

 

2.7.3 Modelling  

The analysis of the electrical characteristics of COSMIC devices and, in particular, the 
results of measurement performed on the staggered S2S devices (CEA technology) 
suggested that the contact effects were an important issue for devices with “short” channel 

length (L ≤ 20 m). A model able to reproduce device characteristics independently from 
geometrical parameters must take into account these effects. Models available in literature 
usually deal with contact effects considering a simple constant resistance in series to the 
channel or, in the more advanced models, two diodes that operate in forward mode 
independently from the device polarization. Even though these models can reproduce quite 
well the electrical characteristics of OTFTs for fixed L, they failed to predict electrical 
characteristics variation with channel length. Furthermore, these models do not give a 
satisfying physical understanding of contact effects. So, it has been decided to develop a 
new compact model, based on physical model of contact effect, starting from experimental 
data obtained from COSMIC. 

According to the analysis of the device electrical characteristics, the OTFT electrical 
characteristics have been modelled as the series of an “ideal” device (OTFT channel) and a 
reverse biased Schottky diode. The “ideal” transistor, that takes into account the properties 
of the device channel, follows the Gradual Channel Approximation and its conductance, 
G(V), can be extracted from the long channel characteristics. The model equation for “ideal” 
OTFT drain current takes into account for the different transport regimes at the same time: 
off state, linear and saturation regions. The OTFT channel electrical characteristics are 
described by a power law function for the on region and an exponential function for the 
subthreshold region of transfer characteristics. The model for the Schottky diode at the 
contact takes into account an effective Schottky barrier lowering as well as the dependence 
of the reverse current on gate bias, experimentally observed (Valletta et al. APL.2011). 

In order to estimate the model parameters two approaches have been developed. The first 
one exploited the I-V equations for organic devices arising from the UML in the 
approximation of VRH transport mechanism. The extraction of the OTFT electrical 
parameters was achieved using Multi Objectives Optimization Algorithms (Soft Computing 
techniques). The second approach was the well-known Levenberg-Marquardt method (see, 
for example, Numerical Recipes by William H. Press, Saul A. Teukolsky, William T. 
Vetterling, and Brian P. Flannery, Cambridge University Press) that is a suitable choice if 
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the number of parameters is not very large, as in this case. Following this second approach, 
the model parameters that determine the electrical behavior of the “ideal” OTFT can be 
estimated by fitting the model on the electrical characteristics of long channel devices, in 
which the channel resistance is dominant with respect to the contact resistance and, hence, 
the electrical characteristics are less sensitive to contact effects. The parameters of the 
Schottky diode can be determined by fitting the output characteristics of short channel 
devices that are particularly sensitive to the behavior of the contact diode. 

Model parameters have been extracted for both Pem1 (2 foils) and Pem2 (2 foils) devices. 
The model was translated in Verilog-A language in order to be included in the Design Kit, 
and applied to design the circuits used in the demonstrators. 

Statistical analysis of the experimental data was also carried out in order to calculate the 
standard deviation of the model parameter. This analysis allowed to reproduce, by the 
model, the spread of the experimental characteristics. This analysis was applied to evaluate 
electrical characteristics variation of the circuits (Jacob et al. Sol.St.El. 2013). 

Finally, it should be pointed out that the developed model is quite general. Indeed, it was 
also applied to reproduce the electrical characteristics of coplanar devices of W2W 
technology (see deliverable D4.4).  

Based on the capacitance measurements performed in task 4.1 on S2S devices, a non-
quasi-static small signal capacitive model was developed. The model adopted a 
transmission line approach and considered the specific layout of the OTFTs, taking into 
account for the parasitic capacitances, particularly important in such printed devices. In 
addition, the model included parasitic impedance at the metal-organic semiconductor 
contacts, related to the non-ohmic behaviour of source-drain contacts. In particular, the 
model considered the organic semiconductor as a transmission line (TL) with a Vgs-
dependent conductance and a capacitance per unit area corresponding to the insulator 
capacitance. The boundary conditions, considered on the two side of the transmission line, 
depended on device layout. The non-ideal behavior of the metal/OSC contacts has been 
taken in consideration by introducing an RC parallel parasitic element in correspondence of 
every metal/OSC contact (see Valletta et al. submitted to IEEE Trans. on El. Devices).  

This small signal capacitance model was not included in the design kit. 

  

2.7.4 Design kit 

In this task the design kit for COSMIC organic devices was implemented in order to provide 
everything that is necessary to design and verify a cell/macrocell/circuit in a given CAD 
platform. 

Three Design Kits have been released to the partners to be used when designing their 
circuits (see deliverable D4.5). The model cards, including device model and model 
parameters, developed in T4.3, have been implemented in the design kits together with 
layout drawings and rules (DRM) that help the designers to prepare and verify the IC layout. 

More in details, the design kit for S2S devices contained the following features: 

 Technology library (layers definition, stream-in/stream out information, display.drf 

data); 

 Cells library; 
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 DIVA Design Rule Check; 

 Extraction (EXT) and Layout Vs Schematic (LVS); 

 Model Cards (Verilog A). 

 The design kit for W2W devices contained: 

 Technology library (layers definition, stream-in/stream out information, display.drf 

data); 

 Cells library 

 DIVA Design Rule Check 

 Extraction (EXT) and Layout Vs Schematic (LVS)  

 Model cards (Verilog A). 

 
The design kit for R2R devices contained: 

 Technology library (layers definition, stream-in/stream out information, display.drf 

data); 

 Cells library; 

 DIVA Design Rule Check. 
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2.8 Lead Applications 

The target for this work package was to prove both the performance of multifunctional 
organic CMOS on flex systems and verify how these ones can be simultaneously exploited 
in a more complex system (Mixed application). To do this, firstly system architectures for 
each LAs (simulations helped to freeze the architectures) were chosen and then, the 
hardware and software design and fabrication, allowed to proof the performance about 
some LAs. Considering that LAs made with different technology platform were 
manufactured (S2S, R2R and W2W) the interconnection among them was a crucial point to 
face. At the end the background (Hw and Sw) developed allowed to characterize some LAs. 
Unfortunately, the Silent Tag wasn’t completely functioning and as consequence the mixed 
application concept wasn’t proofed. Despite that, two configurations of mixed application 
were defined and the interconnections were however designed. The LAs involved in these 
WPs activities are: 

 4bit ADC for temperature detection in S2S (ST-I); 

 32 stages Line Driver (LD on foil) for 96X96 OLED Display in W2W (IMEC and 

TNO); 

 4bit and 32bit Silent Tag in S2S (Friendly and TUE); 

 4bit ALU (Adder) in W2W (ST-I); 

 Smart Label in R2R (EMFT but only for the interconnection). 

Following tasks in WP5 and WP6 have been processed:  

Architecture Development: To analyze the global system specification agreed in WP1 for 
each LAs and translate them into application architecture 

System Design: Development of the support hardware and software needed to prove the 
functionality of the CMOS developed ICs inside the application environment.  

Interconnections: Development of assembly techniques for flexible ICs exploiting also 
PCB that was linked by cables and connectors.  

Fabrication: Fabrication of support hardware (PCBs). The support platform will be 
populated with the needed standard silicon ICs while the flexible ICs will be processed as 
needed. Indeed, as function of the applications, the assembly process will be based on 
bond-wires or on more complex foil on foil techniques developed in WP5. 

Measurements: Measurement of electrical performance of the applications.  

 

Achievements for each Task 

Following the main results around each task is reported. 

Architecture Development 

For a 4-bit ADC (Analog Digital Converter) realized on S2S manufacturing, the architecture 
proposed use a DAC to perform the ADC. At the start of the conversion cycle, the digital 
counter starts to count from zero. The analog output of the DAC, corresponding to the 
digital count, is compared with the analog input. When the two analog voltages are equal 
(within one step of the ramp) the output of the analog comparator changes its state. This 
stops the count; the outputs of the counter correspond to a digital code representing the 
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analog input. The analog to digital conversion is thus completed and the counter is reset to 
start another ramp (Figure 40). 

 

Figure 40: ADC architecture (on the left) and the functionality (on the right) 

 

The architecture of a Line driver was proposed in terms of digital blocks repeated for the 
number of select gate lines that are present in the display (Figure 41). 

 

 

Figure 41: Line Driver architecture  

 

Silent Tag was proposed in two versions: 4-bit and 32-bit. The architecture of the 4-bit 
Silent Tag comprises the RF interface (receiver and modulator), Clock Generator (CG), 
Identity Verificatin Module (IVM), Command Interpretation Module (CIM), Reset Module 
(RM) and data ports (DP). The DP are used to enable the mixed applications and 
virtualization. The updated architecture of the 32-bit Silent Tag comprises the RF interface 
(digital RF receiver and modulator), and Identity Verification Module (IVM). Since the 32-bit 
Silent Tag will not interface with other applications, its architecture does not include 
connection ports or interfaces other than the wireless link (Figure 42). 
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Figure 42: 4-bit Silent tag architecture (on the left) and 32-bit Silent tag architecture (on the 
right) 

 

For a 4-bit ALU (only Adder version) the inputs (A & B words of 4 bit) are delivered directly. 

The 4 output bits of the SUM and the Carry OUT signals are synchronized (triggered on the 
positive edge of the clock) and delivered by 5 Flip-flops D type, with the possibility to reset 
all of them, by a low signal sent to the Clear pin (Figure 43).  

 

Figure 43: 4-bit Adder architecture 

 

 

System Design  

The 4-bit ADC testing Platform design was defined. The main blocks for this testing system 
are: PCB platform (Core of the system); Testing board (Interface for the final user); ADC 
board (ESD protection and temperature sensor management). This setup is schematically 
shown in Figure 44. The firmware of STM32 micro-controller for the ADC Testing was 
developed as well. After an initialization phase the analog temperature acquired is 
digitalized by ADC and this 4 bit generated visualized on a display.  
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Figure 44: 4-bit ADC Testing Platform and flow chart of the firmware 

 

Concerning the Line driver the support hardware design was carried out. The LA 
generates the repeated signal to the select line of the display, while a “drive box” generates 
the preprogramed signal to the data line of the display. The select and data signals are 
synchronize by the control PCB to operate the OLED display.  

The Silent Tag (both 4-bit and 32-bit) requires an analog and a digital PCB that, together, 
constitutes a receiver. The digital section of the reader is simply made of a microcontroller 
and a multi-bit port allowing the transmission and reception of bits in parallel or serial mode. 

The 4-bit ALU (version Adder) testing Platform was designed. The main blocks for this 
testing system are: PCB platform (core of the system); Testing board (Interface for the final 
user); ALU board (interface between the SMD connector exploited on the PCB platform and 
the Yokowo connector). This setup is schematically shown in Figure 45. The flow chart of 
the firmware was defined also. After the initial configuration the firmware developed is able 
to manage two characterization phases: first the user choses two nibbles to process at a 
fixed frequency and in a second phase the firmware operates on the Adder with a fixed 
nibbles (A & B) combination but by changing the operative frequency.  
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Figure 45: Adder Testing Platform and flow chart of the firmware 

 

Concerning the Mixed Application the support hardware design was carried out. This was 
defined considering the PCBs designed for some LAs characterization (4-bit ADC, 4-bit 
ALU, Silent tag).  

 

Interconnections 

To assure a more robust connection among some LAs (4-bit ADC, Silent tag) and the PCB 
platform, above all for the lead application characterization, a flex connector is added by 
CEA after the processing of transistors assembled onto the PEN foils, using a specific ACF 
(Anisotropic Conductive Film) materials and an assembly toolset (with alignment, 
temperature and pressure control).  

To stack the Antenna designed in Fraunhofer with the Silent Tag an adhesive film was 
exploited. Via holes were drilled in the center of the interconnection pads through the 
substrate foil. Then both devices have been adjusted with an alignment apparatus and 
glued together. Finally contacts from to bottom pad are made by filling the holes with 
conductive adhesive. 

Opposite to the setup of the Silent tag the Smart sensor application uses the Antenna as 
base substrate, where all the different subsystems – diode, oscillator and modulation 
transistor – are mounted.  

Concerning the Line driver the connection with the display is made via a PCB. The line 
driver is connected to the PCB with a Yokowo connector. The flexible AMOLED display is 
connected to the PCB via flexbonds (flexible PCB) glued with anistropic conductive glue to 
the AMOLED display foil. 

Similar to the Line driver, the 4-bit ALU (adder) is connected to a Yokowo connector. The 
signals are wire out from the flat cable and connected to adapter PCB to interface the signal 
from ALU and the standard PCB board. 

For the Mixed Application the interconnection among the different LAs was foreseen to 
exploit the same solution adopted for the single LAs (e.g. Silent tag and 4-bit ADC 
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combination). Also the connection about the PCBs that manage the single LAs was 
considered.  

 

 

Fabrication 

The 4-bit ADC testing Platform is made up of PCBs designed and combined together to 
define the characterization platform for this lead application (see Figure 46). 

 

Figure 46: Hardware setup for the ADC testing platform 

 

 

Figure 47: Analog and digital PCB (receiver) for the Silent Tag 
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For a Line driver the needed hardware to manage the LA and the OLED display was 
developed  

For a Silent Tag the hardware (Digital and analog) needed for the characterization have 
been fabricated. Measurement setup is shown in Figure 47. 

The 4-bit ALU (Adder) testing Platform is made up of PCBs designed and combined 
together to define the characterization platform for this lead application. 

 

Figure 48: 4-bit ALU (adder) testing platform 

 

For the Mixed Application support hardware, based on the PCBs developed for the single 
LAs was fabricated (analog and digital PCB for the Silent Tag receiver and the PCB 
platform to use, for instance, the 4-bit ADC).  

 

Measurements  

The 4-bit ADC was characterized at different temperature values. Corresponding 
measurement setup is shown in Figure 49. A thermometer was exploited in order to verify 
the operative temperature. Trials at temperature of about 10°C, 12°C, 18°C and 20°C was 
carried out and a sensitivity of 2°C defined. 
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Figure 49: 4-bit ADC characterization at different temperature values 

 

The Line-driver was characterized with the highest operation frequency of 2.8 kHz when 
the operation voltage was up to 10V, which is sufficient to drive a 32x32 OLED display with 
50Hz refresh rate (1.6 kHz for line driver) and with the lowest operation voltage of 3.3V with 
operation frequency up to 1 kHz. The low operation voltage is comparable to silicon 
technology. 

The Silent tag was characterized both with and without the flexible antenna bonded. It has 
been evidenced that the Load modulation didn’t work properly so also the rectifier 
(differential version).  

The 4-bit ALU (adder) was characterized at different operative frequency. The lead 
application functionality was observed for frequency up to tens of Hz. The power supply for 
was fixed to 10 V. An example showing the right operation can be seen in Figure 50 

 

 

Figure 50: Trials collected in a single snapshot. On the right an example of sum carried out 
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3 Potential Impact  
Publicly available information on the COSMIC project is available from the website 
www.project-cosmic.eu.  

Individual contact or requests can be submitted via the email info@project-cosmic.eu or the 
project partners can be addressed individually: 

Fraunhofer Fraunhofer-Gesellschaft zur 
Förderung der angewandten 
Forschung e. V. 

Prof. Karlheinz 
Bock 

karlheinz.bock 
(at)emft.fraunhofer.de 

CEA Commissariat à l’Energie 
Atomique et aux Energies 
Alternatives 

Isabelle Chartier isabelle.chartier 
(at)cea.fr 

ST 
Microelectronics 

ST Microelectronics S. r. L. Salvatore 
Abbisso 

salvatore.abbisso 
(at)st.com 

TNO Nederlandse organisatie voor 
Toegepast Natuurwetenscha 
Onderzoek 

Brian Cobb brian.cobb 
(at)tno.nl> 

TUE Technische Universiteit 
Eindhoven 

Prof. Eugenio 
Cantatore 

e.cantatore 
(at)tue.nl 

IMEC Interuniversitair Micro-
Elektronica Centrum vzw 

Soeren Steudel ssteudel 
(at)imec.be 

University of 
Catania 

Università degli studi di 
Catania 

Prof. Giuseppe 
Palmisano 

giuseppe.palmisano 
(at)dieei.unict.it 

CNR Consiglio Nazionale delle 
Ricerche 

Prof. Luigi 
Mariucci 

luigi.mariucci 
(at)cnr.it 

TUB Technische Universität Berlin Kornelius Tetzner kornelius.tetzner 
(at)izm.fraunhofer.de 

Friendly Friendly Technologies Ltd. Humberto Moran hmoran 
(at)friendlytechnologies.com 

Flexink Flexink Ltd. Dr. Martin 
Heeney 

martin.heeney 
(at)flexink.co.uk 

Plastic Logic  Plastic Logic Ltd Vincent Barlier vincent.barlier 
(at)plasticlogic.com 

 
 status: July 2014 
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3.1 Exploitation of Foreground 

As the society has been transformed by electronics Si-based, in the next future probably 
the flexible electronics will drive the economy and run our life. Different area can be 
identified where the flexible electronics can have a potential impact and improve the people 
lifestyle. 

 

 

 

The evolution for these market sectors will require being flexible, self-powered, wireless, 
cost effective, portable. To satisfy these specifics common peculiarities are requested to the 
flexible circuits: large area integration; active devices conformable; 3-D structure made up 
of flexible layer on layer assembling; integration of flexible sensors; disposable systems.  

Flexible electronics, using sheets-to-sheet (S2S) or roll-to-roll (R2R) technologies, opens 
the door to the up indicated applications with large areas and inexpensive solution. Very 
interesting applications concern displays, sensors, solar panels, batteries and for more 
complex system medical diagnostic (from intelligent packaging for medications to wearable 
sensors for monitoring health), transportation, building automation, automotive and so on.  

For example a flexible and disposable smart pack, wear on the skin, will be used to 
monitoring the healthcare data of a patient (e.g. temperature; EMG, ECG) and transmit 
these ones directly to the doctor. On this direction a more bit complicated system such a 
smart textiles will be exploited again for health monitoring but also for entertainment and 
display applications. These smart textiles can be embedded with multiple sensors and 
display devices for monitoring stress, toxic gases in environment.  

In the automotive field, flexible circuits will be used in instrument panels, under-hood 
controls, circuits to be concealed within the headliner of the cabin, and in ABS systems.  
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In the building automation smart sensor systems help to improve the life quality, monitoring 
the environmental parameters (temperature, light, …) .Being these system conformable, 
they will be integrated with the environment and décor. 

 

3.1.1 W2W platform 

Within the COSMIC project, imec has developed a generic high performance organic 
CMOS technology on foil, whereby the performance specs clearly exceed the state-of the 
art.  

The results from COSMIC allowed IMEC to benchmark organic CMOS circuit technology on 
foil vs. circuits from other thin film nodes like metaloxide TFT, dual-gate organic TFT that 
have been developed internally or in other EU projects (e.g. Oricla, Orama). Compared to 
all other technology nodes that we have investigated, the organic-organic CMOS platform 
has shown to operate at very low supply voltages compatible with Si-technologies at very 
low power consumption. The drawback has been low speed, limited lifetime and difficulty to 
be compatible with existing FPD factories.  

Being a leading research organization of Europe, TNO aims to further strengthen the 
research and development activities in Europe by implementing the expertise gained in 
COSMIC in other European projects as well as research and development activities within 
TNO. 

Within the COSMIC project TNO has shown working full inkjet printed organic CMOS 
technology on foil, whereby the performance clearly exceed the state-of the art. In addition, 
TNO also achieved production yields close to 99,9% which are needed to develop complex 
products. These successful developments put TNO in a strong position in the area of 
flexible electronics on polymer films, that will be exploited in contacts after the project with 
existing and new partners. Some of the potential future products and technologies include: 
Integrated driver chips for flexible displays and flexible smart systems.  

The knowledge generated within COSMIC gives TNO a head start in these fields and will be 
further explored with partners within the current consortium, whenever applicable, but also 
extended to new partners. 

Based on the results of COSMIC, we and our industrial partners in the HOLST centre, will 
refocus on the most promising development tracks for materials, processes and 
applications.  

TNO commits to further improve integrated gate driver circuits for roll able displays and 
increase the functionality (source driver circuits, PMW modulations) that can be delivered. 
The research on complex logic circuits will be further pursued to bring NFC compatible 
smart sensor tags base on TFT into production. 

3.1.2 S2S platform 

CEA technology roadmap concerning printed OTFT technologies is following 3 main axes to 
bring this technology to the market: 

MRL increase: First step in CEA roadmap is to increase the Manufacturing Readiness 
Level (MRL) of the printed OTFT (both P- and C-OTFTs) to optimize the flow in terms of 
dispersion and yield. CEA will therefore migrate this COSMIC technology to its PICTIC 
platform, to increase a more predictable yield up to > 1000 OTFTs ICs. This will require to 
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explore new printing techniques (such has gravure printing), enhanced materials and 
innovative integration schemes together with industrial partners.  

TRL increase: Circuit Reliability and integration solutions 

Reliability is a strong bottleneck both at device level and system level; next studies shall 
include reliability and aging of printed devices, as well as heterogeneous integration 
technologies and its reliability. Recent positive results on Decoder circuits exhibit digital 
circuits functional over a 6 month period. Further work on reliability and failure analysis will 
be necessary specific to applications and usages constraints. Integration of the printed 
OTFT together with sensor or backplanes is also a key enabling technology to realize large 
area flexible system that will need to be further developed in the future taking into account 
reliability and cost efficiency. CEA intends also to consolidate the Design Tool kit, by adding 
enhanced simulation – dynamic and temperature-, already initiated during COSMIC, to 
bring more capability to external design centers. 

Integration solutions : Next step to go further will be to integrate on the same substrate 
the COSMIC CMOS together with an active matrix of OTFT (PMOS process developed in 
parallel by CEA) and with sensors, signage and displaying devices, energy functions.  

This will require further R&D project focused on the integration and reliability of the 
technology at European level.  

Performances increase. CEA planes to shrink the design rules and lower the gate 
dielectric thickness thus have a higher density of devices and higher level of performances; 
this has to be done in strong partnership with material suppliers, tool manufacturers and 
end-users. With such OTFT printed technologies at a process maturity of TRL6, new 
applications will be explored with better market acceptation: this has been proposed in a 
H2020 proposal.  

COSMIC S2S printed CMOS Technology diffusion and exploitation: to make S2S OTFT 
technology more widely spread over the design community, CEA intends to open this 
technology beyond COSMIC: the current Design Tool Kit will be made available to Design 
Centers. This is very important, as C-OTFT will not lay on one single, killer application (as 
compared to backplanes), but more likely to multiple applications that will be brought by 
designers. CEA will use COLAE and EU OLAE networks to open the COSMIC DTK. CEA is 
part of a H2020 project proposal to open OLAE Platform to SMEs for prototyping.  

CEA has already started this dissemination: as mentioned earlier, CEA has already 
interacted with a French university – IM2NP – as well as with internal CEA Leti design 
laboratories, within FLEXNET FP7 project and with industrials. CEA has also an opportunity 
to work with a design team from DARMSTADT University, and we are expecting more 
contacts in the future. 

Applications Fields of printed S2S OTFT within CEA vision can be segmented in two 
major areas: Large Area Sensing Surfaces and Smart Interactive Objects. 

First cost and volume simulations made during COSMIC, shows that printed OTFT is well 
positioned to address this market segments with estimated cost of 150m² and potential 
production throughput of 100 000 m²/year on a GEN2 S2S production line.  

The capability to integrate both P-MOS and C-MOS flows on large area foils is a strength to 
open these new application fields, together with heterogeneous integration with silicon chip.  
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CEA-PICTIC application strategy for printed P-MOS and C-MOS technologies 

 

 

 Large Area Sensing and Actuating Surface  

The S2S printed technology is well adapted to these sensing applications where large area 
is needed, small feature sizes are not mandatory, and line drivers or column decoders could 
be designed in C-OTFT.  

These Large Area Smart Sensing Surface applications are in the strategic road map of 
PICTIC pilot platform with a vision to realize large pixel matrices with different "multipoint" 
pixel sensors addressed by printed P-OTFT backplane-and with printed CMOS for 
amplification, drivers and decoder. Such applications will require heterogeneous integration 
with Si based microprocessor; printed C-OTFT circuits are foreseen to be at the interface 
between the large area sensing matrix and the Si chips to simplify and ruggedize the 
interconnection steps. Work with designer will define the best system partition in view of 
cost efficient production and system reliability.  

The S2S printing P-OTFT and C-OTFT technologies developed in COSMIC are best fitted 
for such applications when pixel pitch is from 0.5 to several mm and large area is 
necessary. Typical applications fields are in smart skins (robotics, dash boards …), user 
interface, domotics, energy, image sensors, non-destructive testing, logistics etc. The 
strength of the COSMIC S2S printed CMOS technology is to be able to integrate backplane, 
drivers, sensors and actuators in a common flow. First foreseen applications are in the field 
of image sensor (together with ISORG company), smart shelves and floors.  

 Smart interactive objects 

The second applications field rely on the specificity of printed CMOS to be customized to 
the end product with cost efficient production. This is a strong advantages for low 
complexity electronics at medium volume market, where Silicon technology cannot answer, 
being much too expensive when volume and/or complexity is low.  

Another application deals with “Internet of Things”: we have demonstrated in COSMIC that 
printed S2S C-OTFT could interface with sensors, for analog amplification or ADC 
conversion. For some of these applications, printed techniques are adapted, since 
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performances requirements, such as speed, are moderate, and size of the final flexible 
circuits is not crucial.  

Targeted applications fields are smart packaging, authentication RF Tags, smart labels, 
sensing patch for personalized health and well-being. 

CEA has launched during the COSMIC project, the French pilot S2S printing platform 
PICTIC dedicated to develop, up-scale and prototypes OLAE enabled products, working 
with all the industrial value chain from material to final integrator and users. PICTIC is part 
of the COLAE project to foster OLAE industrial take up 

3.1.3 R2R platform 

For the examination of the COSMIC exploitation potential the different processing areas of 
Fraunhofer EMFT’s roll-to-roll platform have been inspected. These can be clustered in the 
segments of passive electronics, active devices and circuits and plastic film system 
integration. Fraunhofer has achieved a quite different status in these roll-to-roll fabrication 
areas, with rather good results in fabrication of passive functional devices, like the printed 
temperature sensor, RF antenna, and plastic film integration using wiring and foil.to-foil 
interconnection. Instead of this, rather unsatisfactory results have been achieved in active 
devices, since Fraunhofer has not succeeded to come at least into the range, where circuit 
integration becomes into reach. Reasons for this are manifold and should not be discussed 
here, but of course this strongly impacts the formerly planned way of exploitation.  

Regarding organic circuit integration for R2R platform Fraunhofer has to register following 
facts:  

 Performance for circuit integration could not be met and is still out of reach 

 Organic circuits in R2R platform suffer from size and cost. There is not really a cheap 
roll-to-roll process for oTFT processing around.  

 Miniaturization is a good way to reduce size and cost, but will on the other hand rise 
costs for further assembly levels and lead to similar system integration as in 
conventional electronics  

 R2R platform targets low-cost high volume applications. Other advantages of plastic 
film circuits, like flexibility or large-area, can also be addressed by other 
manufacturing platforms. 

 In most cases for high volume applications assembly of a silicon IC is the cheaper as 
well as the more reliable alternative.  
 

Taking all these results into consideration Fraunhofer EMFT concludes that the prospects to 

market organic integrated circuits successfully are rather low. Instead of this Fraunhofer 

EMFT will foster the exploitation of  

1) passive functional layers 
2) plastic film system integration 
3) oTFTs as single device, e.g. for sensing 

The application fields (1) and (2) are already in an industrial project phase that benefits from 
the developments in BEOL and film interconnection of COSMIC.  

For the smart objects area it is currently inevitable to include standard electronic 
components and also for the future it is deemed that every application that needs a 
minimum of computing power will be equipped with silicon devices. However, a task still 
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remaining is the reduction of assembly costs. For this a direct chip integration in or on foil is 
seen as promising, where Fraunhofer EMFT will push the development towards a pilot 
fabrication. 

Application field (3) targets products that need only single transistors or diodes and any 
assembly process exceeds the cost limits of the product. In this case it may be favorable to 
implement the active component with somewhere limited performance by a direct 
processing approach. An example for this is given with the plastic film photodetector 
module and also the sensor label concept, also its functionality with organic electronics has 
not been achieved in the project, will be further developed to achieve a marketable 
demonstrator. 

Possible applications for these organic devices are mostly seen in sensors for low-cost and 
single use devices. Especially for biosensors compatibility of biological materials, e.g. living 
cells, with organic electronics is reported to be much better than with inorganic devices, 
which may entail a strong market pull for organic semiconductors. 

A special implementation of this approach is the technique to add organic devices in a 
backend process on top of an integrated circuit chip. This technology is currently followed at 
Fraunhofer EMFT in the MOTT (Modular on Top Technologies) development area 

In summary Fraunhofer EMFT expects the main exploitation potential of COSMIC and in 
general organic electronic not in »monolithic« circuit integration but in the area of integrated 
smart systems (ISS)3, where different functions - sensors, signage, power supply, output 
devices, etc. – are combined on a flexible and flat piece of plastic foil. An existing example 
for this is given in Figure 51. 

The number of companies interested 
in smart objects is large and the topic 
of smart objects is very popular also in 
the organic electronics community at 
present. The strategic research 
agenda elaborated by leading 
stakeholder groups pointed out the 
emerging potential of these systems, 
although this is difficult to access, 
because of the expected market 
fragmentation from niches to high 
volume markets. For this integrated 
smart systems are expected to capture 
a remarkable share of organic, printed 
and large area electronics and the 
developments of COSMIC are 
incorporated into commercialized 
smart systems 

 

 

                                            
3
 Nomenclature of Organic Electronics Association 

Figure 51: Temperature measuring foil as example 
for a hybrid integrated subsystems (printed 
battery, push button, electrochromic display, 
sensors and conventional electronics) 
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3.2 Use and dissemination of foreground 

All COSMIC partners have been active in dissemination of COSMIC results to the different 
stakeholders in organic electronics. This implies many conference presentations in Europe 
and worldwide as well as several publications in peer-reviewed journals (see the list of 
publications table in section 1.6.2. Especially to target interested industrial parties several 
workshops, tutorials and short courses on COSMIC technology have been organized as 
listed in the following tables. 
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3.3 Section A - Dissemination Measures (public) 

 

List of all scientific publications relating to the foreground of the project (chronological order, peer reviewed marked with bold 
numbers and DOI reference). 

No
. 

Title Authors Title  Number, date Publisher 
Place of 

publication 
 DOI 

1 

Manufacturing and Material 
Formulation Strategies for 
Bottom-Gate Polymer 
Dielectrics in 
Complementary Organic 
TFTs 

M. Burghart,  
M. Muhammad, W. S. 

Mumtaz, I. Bose, K. Bock 

Int. Symp. on Flexible 
Electronics 2010 

(ISFE 2010) 
11.-14.4.2010   

Palma de 
Mallorca, Spain 

  

2 

Organic complementary 
MOSFET technology 
operating at stage delays 
below 1us 

D. Bode,  
K. Myny, B. Verreet, B. van 
der Putten, P. Bakalov, S. 

Steudel, S. Smout, P. 
Vicca, G. Gelinck, J. 

Genoe and P. Heremans 

MRS Spring Meeting 
Symposium II: 

Materials Science and 
Charge Transport in 
Organic Electronics 

5-9 April 2010 MRS 
San Francisco, 

CA, USA 
  

3 

Increasing complexity of 
organic transistor circuits 
on foil: 128 bit organic 
RFID tags and flexible 
display backplanes 

 Jan Genoe,  
Kris Myny, S. Steudel, S. 
Smout, P. Vicca, B. van 

der Putten, A. K. Tripathi, 
Nick A.J.M. Van Aerle, 

Christiane Grillberger, Olaf 
R. Hild, Gerwin H. Gelinck, 
Wim Dehaene, and Paul 

Hereman 

6th Global Plastic 
Electronics 
Conference 

Oct. 19-21, 
2010 

Plastic 
Electronics 
Foundation 

Dresden, 
Germany 

  

4 
Improving organic 
transistor building blocks 
by technology and design 

Jan Genoe,  
Kris Myny, S. Steudel, S. 
Smout, P. Vicca, B. van 

der Putten, A. K. Tripathi, 
Nick A.J.M. Van Aerle, 

Gerwin H. Gelinck, Wim 
Dehaene, Paul Heremans 

Polaric/Cosmic 
workshop 2010 

22- 23 
September 

2010 

Imperial 
College 

London, UK   
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5 
Bringing Organic Electronic 
to the Roll 

Gerhard Klink,  
Markus Burghart 

Polaric-Cosmic 
workshop 2010 

22- 23 
September 

2010 

Imperial 
College 

London, UK   

6 
Towards EPC compatible 
RFID tags 

Soeren Steudel,  
Kris Myny, Jan Genoe, 

Paul Heremans and 
Gerwin Gelinck 

LOPE-C 
31 May -2 
June 2010 

OE-A 
Frankfurt am 

Main, Germany 
  

7 

Low cost solution 
processed high-k gate 
dielectric materials for large 
area circuit applications 

W.Y. Lin,  
R. Muller, S. Steudel, J. 
Genoe, P. Heremans 

3rd Int. Symposium 
on Flexible Organic 
Electronics (IS-FOE 

2010) 

6-9 July 2010   Halkidiki, Greece   

8 
Light, Bias, And 
Temperature Effects On 
Organic TFTs 

Nicola Wrachien,  
Andrea Cester, Nicola 

Bellaio, Alessandro Pinato, 
Matteo Meneghini, 
Augusto Tazzoli, 

Gaudenzio Meneghesso, 
Kris Myny, Steve Smout 

and Jan Genoe 

2010 IEEE 
International 

Reliability Physics 
Symposium (IRPS 

2010) 

May 02-06, 
2010 

  
Anaheim, CA, 

USA 
  

9   

 Jan Genoe,  
Kris Myny, S. Steudel, S. 
Smout, P. Vicca, B. van 
der Putten, A.K. Tripathi, 

Nick A.J.M. van Aerle, 
Gerwin H. Gelinck, Wim 

Dehaene, Paul Heremans 

Device Research 
Conference 2010 

June 21-23, 
2010 

  
South Bend, In, 

USA 
  

10 
Progress and outlook for 
Digital and analog circuits 
with plastic electronics 

Paul Heremans,  
Kris Myny, Hagen Marien, 

Erikvan 
Veenendaal,Soeren 

Steudel, Michiel Steyaert, 
Jan Genoe, Gerwin H. 

Gelinck 

International 
workshop on flexible 

& printable electronics 

Sept 8-10, 
2010 

  
Muju resort, 

Korea 
  

11 
Design and manufacturing 
of organic RFID circuits 

 Jan Genoe,  
Kris Myny, Soeren Steudel 

and Paul Heremans 

ICCAD 2010 
international 

conference on 
computer aided 

design 

Nov 7-11, 
2010 

IEEE-ACM 
Tutorial session 

T6 Organic 
Electronics 

(Paper: 413) 

San Jose, CA. 
USA 
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12 
Towards EPC compatible 
plastic RFID tags 

Soeren Steudel 
Imperial College 
London, invited 

lecture 
Sep 9, 2010   

Imperial College 
London, UK 

  

13 
Tutorial at Technology 
Workshop 

Humberto Moran Technology World Dec 7, 2010   London, UK   

14 Conference Presentation Humberto Moran IDWORLD 2010 Nov. 16, 2010   Milan, Italy   

15 

The Impact of 
Complementary OTFT 
Technology on Integrated 
Circuit Design and its 
Applications 

E. Cantatore 
Plastic Electronics 
Conference 2010 

19-21 October 
2010 

Plastic 
Electronics 
Foundation 

Dresden   

16 
Full printed organic CMOS 
circuits for large area 
electronics 

S. Jacob  
et al. 

LOPE-C 
31 May 2010 - 
2 June 2010 

OE-A 
Frankfurt am 

Main 
  

17 

Versatile Printing and 
Laser Techniques for the 
Processing of Unipolar and 
Complementary Organic 
Circuits 

A. Seiler  
et al. 

LOPE-C 
31 May 2010 - 
2 June 2010 

OE-A 
Frankfurt am 

Main 
  

18 

CEA-Liten S2S printing 
platform for Organic CMOS 
and Integrated Smart 
Systems applications 

I. Chartier 
Printed Electronic 

2010 
31 May 2010 - 
2 June 2010 

Printed 
Electronic 

Foundation 
Dresden   

19 
L'électronique imprimée, 
une industrie naissante 

Isabelle Chartier 

ATIP conference ( 
Association 

Technique de 
l´lndustrie Papetière) 

18.11.2010 

Association 
Technique de 

l´Industrie 
Papetière 

    

20 
An 8b organic 
microprocessor on plastic 
foil 

Kris Myny,  
E. van Veenendaal, G. 
Gelinck, J. Genoe, W. 

Dehaene, and P. 
Heremans 

Proceedings of 
ISSCC 2011, Session 

18.1 

February 20-
24, 2011 

  
San Francisco, 

CA, USA 
10.1109/ISSCC.2

011.5746337  

21 
Thin film transistors on foil - 
application requirements 
and state of the art 

Soeren Steudel 
 MRS Fall conference 

2010 
  

MRS, Tutorial 
Symposia 

DEFG 
 Boston, USA   

http://dx.doi.org/10.1109/ISSCC.2011.5746337
http://dx.doi.org/10.1109/ISSCC.2011.5746337
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22 

Low-cost solution 
processed high-k gate 
dielectric materials for 
Large Area Circuit 
Application 

Wan-Yu Lin,  
Robert Müller, Kris Myny, 

Sören Steudel, Jan Genoe, 
Paul Heremans 

MRS Fall 2010 
conference 

Nov. 29, 2010 MRS Boston,USA 
10.1016/j.orgel.2

011.03.014  

23 

Modeling of the electrical 
characteristics of fully 
printed CMOS Organic 
Thin Film Transistors 
including contact effects 

M. Rapisarda  
et al. 

ICOE 2011 
22.-24. June 

2011 
  Rome   

24 

Two dimensional numerical 
simulations of contact 
effects in fully printed p-
channel Organic Thin Film 
Transistors 

A. Valletta,  
M. Rapisarda, G. 

Fortunato, L. Mariucci, M. 
Benwadih, A. Daami, 

R.Coppard 

ICOE 2011 
22. - 24. June 

2011 
  Rome   

25 
CEA-Liten S2S printing 
platform for Organic CMOS 
and Sensors Devices 

J-Y Laurent,  
I. Chartier, R. Coppard, R. 
Gwoziecki, C. Serbutoviez 

Large-Area, organic 
and printed 

electronics convention 
LOPE-C 

28. - 
30.6.2011 

OE-A 
Frankfurt am 

Main 
  

26 

A new approach to model 
Organic Thin Film 
Transistors based on 
Evolutionary Algorithms 

M. F. Bevilacqua,  
D. Ruggiero, A. Di Matteo 

International 
Conference on 

Organic Electronics 
2011   Rome   

27 
Organic Schottky Diodes 
based on pentacene 
derivatives 

Waqas M. Syed,  
Markus Burghart, Mohsin 

Mohammed, Gerhard 
Klink, Karlheinz Bock 

Large-Area, organic 
and printed 

electronics convention 
LOPE-C 

28.06.2011 OE-A 
Frankfurt am 

Main 
  

28 

Modeling of the electrical 
characteristics of fully 
printed CMOS Organic 
Thin Film Transistors 
including contact effects 

M. Rapisarda  
et. al 

ICOE 2011 22.06.2011 CNR Rome   

29 

The Role of 
Complementary OTFTs in 
the Development of 
Analogue and Mixed-signal 
Organic Circuits 

Eugenio Cantatore ICOE 2011 22.06.2011 CNR Rome   

30 
Organic "CMOS" 
electronics enabling smart 

Eugenio Cantatore 
Bits and Chips 

Hardware Conference 
09.06.2011   

's-
Hertogenbosch 

  

http://dx.doi.org/10.1016/j.orgel.2011.03.014
http://dx.doi.org/10.1016/j.orgel.2011.03.014


COSMIC 
GA-Nr. 247681 
 

 

 - 79/94 - 

large-area systems 

31 
Electrical Stress on Film 
Resistive Structures on 
Different Substrates 

Detlef Bonfert,  
Gerhard Klink, Karlheinz 
Bock, Paul Svasta and 

Ciprian Ionescu 

34th Int. Spring 
Seminar on 
Electronics 

Technology (IEEE-
ISSE)  

p. 307-312 

01.05.2011 IEEE   
10.1109/ESTC.2

010.5643017  

32 

Opportunities and 
challenges on creating 
RFID Silent Tags using 
printed electronics 

Humberto Moran 
COSMIC Summer 

School 
  

Fraunhofer 
EMFT 

Munich   

33 

Contact effects on the 
electrical characteristics of 
fully printed p-channel 
Organic Thin Film 
Transistors 

M. Rapisarda,  
A.Valletta, P. Gaucci, G. 
Fortunato, L. Mariucci, M. 

Benwadih, A.Daami, 
R.Gwoziecki, I. Chartier, R. 

Coppard  

ITC2011 
3-4 March 

2011 
IEEE Cambridge   

34 
Pushing the boundaries of 
passive RFId 

Humberto Moran RFID Europe 2011 27.09.2011 IdTechEx Cambridge, UK   

35 

Contact effects in high 
performance fully printed p-
channel organic thin film 
transistors 

Valletta, A., 
Daami, A. ; Benwadih, M. ; 
Coppard, R. ; Fortunato, 

G. ; Rapisarda, M. ; 
Torricelli, F. ; Mariucci, L.  

Appl. Phys. Letters 
APL, vol. 99, 233309, 

(Dec) 2011 
30.01.2012 

American 
Institute of 

Physics 
  

10.1063/1.36697
01  

36 Invited talk at EOOE Luigi Mariucci 
European 

Observatory Organic 
Electronic 

24.11.2011   Patras, Greece   

38 
Electrical Stress on Thin 
Film TaN Resistive 
Structures 

Detlef Bonfert 

Int. Symp. for design 
and Technology in 

Electronic Packaging 
(IEEE-SIITME) 

20.10.2011   
Timisoara, 
Romania 

10.1109/SIITME.
2011.6102743  

39 

Analysis of contact effects 
in high performance fully 
printed p-channel Organic 
Thin Film Transistors 

M. Rapisarda 
, A.Valletta, A. Daami, S. 
Jacob, M. Benwadih, R. 

Coppard, G. Fortunato and 
L. Mariucci 

Organic Electronics. 
13 (10), Oct 2012, p. 

2017–2027 
Oct/2012 Elsevier   

10.1016/j.orgel.2
012.06.003 

http://dx.doi.org/10.1109/ESTC.2010.5643017
http://dx.doi.org/10.1109/ESTC.2010.5643017
http://dx.doi.org/10.1063/1.3669701
http://dx.doi.org/10.1063/1.3669701
http://dx.doi.org/10.1109/SIITME.2011.6102743
http://dx.doi.org/10.1109/SIITME.2011.6102743
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40 

Complementary integrated 
circuits on plastic foil using 
inkjet printed n- and p-type 
organic semiconductors: 
Fabrication, 
characterization, and circuit 
analysis 

Smaal, W.,  
Kjellander, C., Jeong, Y., 

Tripathi, A., van der 
Putten, B. ,Facchetti, A., 

Yan, H., Quinn, J., 
Anthony, J., Myny, K., 

Dehaene, W., Gelinck, G 

Organic Electronics 
13 (9), 2012, 1686-

1692 
  Elsevier   

10.1016/j.orgel.2
012.05.022 

41 

Self-heating effects on the 
electrical instability of fully 
printed p-type organic thin 
film transistors.  

Rapisarda, M.;  
Fortunato, G.; Valletta, A.; 
Jacob, S.; Benwadih, M.; 
Coppard, R.; Chartier, I.; 

Mariucci, L. 

Applied Physics 
Letters 101 (23), 2012 

233304 - 233304-4 
  

American 
Institute of 

Physics 
  

10.1063/1.47698
19  

42 
Electrical reliability of fully 
printed n-channel Organic 
Thin Film Transistors 

M. Rapisarda,  
A. Daami, S. Jacob, R. 
Coppard, I. Chartier, G. 

Fortunato, A. Valletta and 
L. Mariucci 

Int. Thin Film 
Transistor Conf. – ITC 

2012,  

January 30-
31, 2012, 
Lisbon- 
Portugal 

IEEE  Lisbon- Portugal   

43 

Physically-based compact 
model of staggered p- and 
n-type Organic Thin-Film 
Transistors (poster) 

F. Torricelli,  
E. Cantatore, A. Valletta, 

A. Daami, M. Benwadih, R. 
Coppard, G. Fortunato, M. 
Rapisarda, L. Mariucci: .  

Int. Thin Film 
Transistor Conf. - 

ITC2012,  

January 30-
31, 2012,  

IEEE Lisbon- Portugal   

44 
Full printed organic CMOS 
circuits for large area 
electronics.  

M. Benwadih, S. Jacob, J. 
Bablet, A.Daami, R. 

Coppard, I. Chartier, R. 
Gwoziecki, C. Serbutoviez:  

Proceedings of 
LOPE-C 2012 

Scientific Conference, 
p 154-158 

June 19-21, 
2012 

OE-A 
Munich, 

Germany 
  

45 
CEA-Liten S2S printing 
platform for Organic CMOS 
and Sensors Devices. 

J.-Y. Laurent,  
I.Chartier, R. Coppard, R. 
Gwoziecki, C. Serbutoviez 

Proceedings of 
LOPE-C 2012 

Scientific Conference 

June 19-21, 
2012 

OE-A 
Munich, 

Germany 
  

46 

Solution processed roll to 
roll OTFTs fabrication with 
carbon screen-printed 
electrodes 

W. M. Syed,  
C. Kiesl, A. Wille, A. Drost, 
J.-D. Hemmetzberger, G. 

Klink, K. Bock 

Proceedings of 
LOPE-C 2012 

Scientific Conference 

June 19-21, 
2012 

OE-A 
Munich, 

Germany 
  

47 

Analysis of contact effects 
in high performance fully 
printed p-channel Organic 
Thin Film Transistors.  

A. Valletta, M. Rapisarda, 
A. Daami, S. Jacob, M. 

Benwadih, R. Coppard G. 
Fortunato and L. Mariucci 

Workshop on 
Surfaces, Interfaces 
and Functionalization 
Processes in Organic 

Compounds and 
Applications 

June 20 – 22, 
2012 

  Parma, Italy   

http://dx.doi.org/10.1063/1.4769819
http://dx.doi.org/10.1063/1.4769819
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48 
Contact effects in Organic 
Thin Film Transistors 
(Invited).  

L. Mariucci 
Int. Conf. on Organic 
Electronics – ICOE 

2012,  

June 25‐27, 
2012 

  Tarragona, Spain   

49 

Electrical reliability of fully 
printed p and n-channel 
Organic Thin Film 
Transistors made with 
CMOS architecture 

M. Rapisarda,  
A. Daami, S. Jacob, M. 

Benwadih, R. Coppard, G. 
Fortunato, A. Valletta and 

L. Mariucci 

Int. Conf. on Organic 
Electronics – ICOE 

2012,  

June 25‐27, 
2012 

  Tarragona, Spain   

50 

Design of digital and 
analogue building blocks 
based on Monte Carlo 
simulations for a fully 
printed organic 

Abdinia, S.,  
Torricelli, F., Benwadih, 
M., Coppard, R., Daami, 
A., Jacob, S. , Maddiona, 
L., Maiellaro, G., Mariucci, 
L., Rizzo, M., Tramontana, 
F, Roermund, A.H.M. van, 

Cantatore, E. 

Int. Conf. on Organic 
Electronics – ICOE 

2012,  

June 25‐27, 
2012 

  Tarragona, Spain   

51 

Self-heating effects on the 
electrical stability of fully 
printed p-type Organic 
TFTs 

M. Rapisarda, G. 
Fortunato, A. Valletta, A. 

Daami, S. Jacob, R. 
Coppard, I. Chartier, and 

L. Mariucci 

Int. Conf. on Flexible 
and Printed 

Electronics ICFPE 
2012 

Sept. 6-8, 
2012  

KoPEA Tokyo, Japan   

52 
Polytronics - Integration of 
multiple functions for 
flexible systems. 

K. Bock 

Int. Conf. on Flexible 
and Printed 

Electronics ICFPE 
2012 

Sept. 6-8, 
2012  

KoPEA Tokyo, Japan   

53 

High performance printed 
N and P-type OTFTs for 
CMOS applications on 
plastic substrate 

S. Jacob,  
M. Benwadih, J. Bablet, I. 
Chartier, R. Gwoziecki, R. 
Coppard, S. Abdinia, E. 

Cantatore, F. Tramontana, 
G. Maiellaro, L. Mariucci 

European Solid-State 
Device Research 

Conference – 
ESSDERC 2012, 
Proc. p. 173 - 176 

Sept.17-21, 
2012 

IEEE 
Bordeaux, 

France 

10.1109/ESSDE
RC.2012.634336

1  

54 

Design of Analog and 
Digital Building Blocks in a 
Fully Printed 
Complementary Organic 
Technology 

S. Abdinia,  
M. Benwadih, E. 

Cantatore, I. Chartier, S. 
Jacob, L. Maddiona, G. 

Maiellaro, L. Mariucci, G. 
Palmisano, M. Rapisarda, 

F. Tramontana, A.H.M. van 
Roermund 

European Solid-State 
Circuits Conference – 
ESSCIRC 2012, Proc. 

p. 145-148 

Sept.17-21, 
2012 

IEEE 
Bordeaux, 

France 
10.1109/ESSCIR
C.2012.6341310 

http://dx.doi.org/10.1109/ESSDERC.2012.6343361
http://dx.doi.org/10.1109/ESSDERC.2012.6343361
http://dx.doi.org/10.1109/ESSDERC.2012.6343361
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55 

Ageing behavior of printed 
flexible resistors by 

thermal, mechanical and 
electrical stresses. 

Bonfert, D.;  
Hemmetzberger, D.; Klink, 

G.; Bock, K. 

4th Electronics 
System Integration 

Technologies 
Conference ESTC 

2012, ,  

Sept 17-20, 
2012 

Mesago 
Amsterdam, 
Netherlands 

  

56 
Analog and mixed-signal 
circuits for smart sensors 

on plastic foils 

Raiteri, D.,  
Abdinia, S., Roermund, 
A.H.M. van & Cantatore, 

E.. ,  

Proceedings of 
ICT.OPEN 2012 

Oct 22-23, 
2012 

IPN/STW Rotterdam, NL   

57 

Current spreading effects 
in fully printed p-channel 

Organic Thin Film 
Transistors with Schottky 

source-drain contacts 

L. Mariucci,  
M. Rapisarda, A. Valletta, 

A. Daami, S. Jacob, M. 
Benwadih, R. Coppard and 

G. Fortunato 

Organic Electronics 
14, 86-93 (2013) 

  Elsevier   
10.1016/j.orgel.2

012.10.00 

58 

High performance printed 
N and P-type OTFTs 

enabling digital and analog 
complementary circuits on 
flexible plastic substrate 

S. Jacob,  
S. Abdinia, M. Benwadih, 
J. Bablet, I. Chartier, R. 

Gwoziecki, E. 
Cantatore,A.H.M. van 

Roermund, L. Maddiona, 
F. Tramontana, G. 

Maiellaro, L. Mariucci, M. 
Rapisarda, G. Palmisano, 

R. Coppard 

Solid-State 
Electronics vol. 84, 

167–178 (2013) 
  Elsevier   

10.1016/j.sse.20
13.02.022 

59 

4b ADC manufactured in a 
fully-printed organic 

complementary technology 
including resistors 

Abdinia, S. 
Benwadih, M. ; Coppard, 
R. ; Jacob, S. ; Maiellaro, 

G. ; Palmisano, G. ; Rizzo, 
M. ; Scuderi, A. ; 

Tramontana, F. ; van 
Roermund, A. ; Cantatore, 

E. 

Solid-State Circuits 
Conference Digest of 

Technical Papers 
(ISSCC), p. 106-107, 

2013 

 Feb. 17-21, 
2013 

IEEE 
San Francisco, 

CA, USA 
10.1109/ISSCC.2

013.6487657  

60 
A Non-Quasi-Static small 
signal capacitance model 

for printed OTFT 

G. Fortunato,  
L. Mariucci, A. Valletta, M. 
Rapisarda, S. Jacob, V. 
Fischer and R. Coppard 

9th Int. Thin Film 
Transistors 
Conference 
(ITC2013) 

March 1-2 , 
2013 

IEEE Tokyo, Japan   

61 
Current spreading effects 

in staggered fully printed p-
channel Organic Thin Film 

M. Rapisarda,  
A. Valletta, G. Fortunato, 
S. Jacob, R. Coppard and 

9th Int. Thin Film 
Transistors 
Conference 

March 1-2 , 
2013 

IEEE Tokyo, Japan   

http://dx.doi.org/10.1109/ISSCC.2013.6487657
http://dx.doi.org/10.1109/ISSCC.2013.6487657
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Transistors with Schottky 
source-drain contacts 

L. Mariucci (ITC2013) 

62 
Analog to digital converters 

on plastic foils.  

S. Abdinia,  
D. Raiteri, S. Jacob, R. 

Coppard, P. van Lieshout, 
G. Palmisano, A. Scuderi, 
A.H.M. van Roermund, & 

E. Cantatore  

International 
conference on IC 

design and 
technology 

(ICICDT2013) 

May 30-31, 
2013 

 Pavia, Italy 
10.1109/ICICDT.
2013.6563318 

63 
Mixed-signal design for a 

printed organic 
complementary technology 

S. Abdinia, M. Benwadih, 
R. Coppard, S. Jacob, G. 
Palmisano, A. Scuderi, 

A.H.M. van Roermund, & 
E. Cantatore 

9th Int. Conference on 
Organic Electronics 

(ICOE 2013),  

June 25-27, 
2013 

 
Grenoble, 
France. 

 

64 

A Non-Quasi-Static small 
signal capacitance model 

for fully printed CMOS 
OTFTs. 

A. Valletta,  
L. Mariucci, M. Rapisarda, 
G. Fortunato, S. Jacob, V. 

Fischer, R. Coppard, I. 
Chartier 

9th Int. Conference on 
Organic Electronics 

(ICOE 2013),  

June 25-27, 
2013 

  
Grenoble, 
France. 

  

64 

Technology and Design Kit 
of printed Complementary 
organic TFTs on flexible 

substrate 

S. Jacob, V. Fischer, M. 
Benwadih, J. Bablet, I. 
Chartier, R. Coppard 

LOPE-C 2013 
Scientific Conference 

June 11-13, 
2013 

OE-A 
Munich, 

Germany 
 

66 
Printed organic TFTs on 

flexible substrate for CMOS 
circuits 

R. Coppard, M. 
Charbonneau, S. Jacob; 

M. Benwadih, J. Bablet, V. 
Fischer, R. Gwoziecky, I. 
Chartier, S. Abdinia, E. 

Cantatore, L. Maddiona, G. 
Maiellaro, L. Mariucci, M. 

Rapisarda and F. 
Tramontana 

International 
Conference on 
Semiconductor 

Technology for Ultra 
Large Scale 

Integrated Circuits 
and Thin Film 
Transistors 

 
ECS Trans., 153-163, 

volume 54, 2013 

July 7-12, 
2013 

The 
Electrochemical 

Society 
  

10.1149/05401.0
153ecst 

65 

Analysis of Contact Effects 
In Coplanar Pentacene 
High Performance Thin 

Film Transistors 

Matteo Rapisarda,  
A. Valletta, G. Fortunato, 

L. Mariucci:  

6th Int. Symposium 
on Flexible Organic 

Electronics, 
ISFOE2013,  

 July 8-11, 
2013 

Aristotle Univ. 
Thessaloniki 

Thessaloniki, 
Greece.  
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66 

Performance spread 
reduction in organic field-

effect transistors using 
semiconducting liquid-

crystal polymers 

Kornelius Tetzner, Warren 
Duffy and Karlheinz Bock 

Applied Physics 
Letters 103, 093304 

(2013) 
Aug 29, 2013 

American 
Institute of 

Physics 
  

10.1063/1.48201
44 

67 
Fully integrated organic 

CMOS circuits on PEN-foil 

Ke, Tung Huei.;  
Muller, R.; Kam, B.; 

Rockele, M.; Vaisman 
Chasin, A.; Myny, K.; 

Steudel, S.; Abdinia, S.; 
Cantatore, E.; Genoe, J.; 
van der Putten, B. and 

Heremans, P. 

Int. Conf. on Flexible 
and Printed 

Electronics ICFPE 
2013 

Sept. 10, 
2013 

KoPEA 
Jeju Island, 
South Korea 

 

68 

A printed DAC achieving 
0.4LSB maximum INL at 7b 

resolution level. 
Conference Paper  

S. Abdinia,  
S. Jacob, R. Coppard, 

A.H.M. van Roermund, & 
E. Cantatore  

Proceedings of 
ICT.OPEN 2013 

Nov. 27-28, 
2013 

STW 
Eindhoven, The 

Netherlands 
 

69 
Printed organic TFTs for 
interfacing circuits and 

active matrix. 

M. Charbonneau,  
S. Jacob, M. Benwadih, J. 

Bablet, V. Fischer,D. 
Boutry, R. Coppard, I. 
Chartier, S. Abdinia, E. 

Cantatore, G. Maiellaro, E. 
Ragonese, G. Palmisano, 

& R. Gwoziecki 

Proceedings of the 
20th international 
display workshops 

(IDW 13) 

 Dec. 4-6, 
2013 

 
Sapporo, 
 Japan 

 

70 

High-gain operational 
transconductance 

amplifiers in a printed 
complementary organic 

TFT technology on flexible 
foil 

G. Maiellaro,  
E. Ragonese, A. 

Castorina, S. Jacob, M. 
Benwadih, R. Coppard, E. 

Cantatore, and G. 
Palmisano 

IEEE Transactions on 
Circuits and Systems 

I  
vol. 60, 3117-3125 

 

Dec/2013 IEEE  
10.1109/TCSI.20

13.2255651 

71 
Reliability of fully printed 

CMOS organic ring 
oscillator 

L. Mariucci,  
M. Rapisarda, F. Maita, A. 
Valletta, G. Fortunato, S. 
Jacob, M. Benwadih, I. 

Chartier, R. Coppard, S. 
Abdinia, F. Tramontana, G. 

Palmisano  

10th Int. Thin Film 
Transistors 
Conference 
(ITC2014), ,  

Jan. 23-24, 
2014 

 
Delft, The 
Netherland 
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72 

A 13.56MHz RFID tag with 
active envelope detection 

in an organic 
complementary TFT 

Technology 
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list of dissemination activities 

NO. Type of activities Main 
leader 

Title  Date/Period  Place  Type of 
audience 

Size of 
audienc
e 

Countries addressed 

1 Workshop Imperial 
College 
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Workshop: Organic 
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and Circuits 
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London, UK academic 
inst. R&D 

50  
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inst. R&D 
industry 
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~5300 *  
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7.2.2011 Grenoble academic, 
inst. R&D 
 

~50  
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41  
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Manufacturing of Organic 
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institutional 
R&D, 
industry 

63  
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instit. R&D, 
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19  
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circuits and sensors 

17.6.2013 Grenoble academic 
inst. R&D 
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institutional 
R&D 

~1560 *  
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LOPE-C 2013 11.-13.6.2013 Munich industry, 
institutional 
R&D 

~1800 *  
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4. May 2012  industry   
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June/2012  industry   
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24 Newsletter Fraunhofer COSMIC newsletter 7 issues 
 

 industry 
gen. public 
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9.4.2011  media, 
general 
public 

 German language 

* data from event organizer  

 



COSMIC 
GA-Nr. 247681 
 

 

 - 89/94 - 

3.4 Section B – Exploitation Plans  

 

Only few patents have been filed according to table B1 below. One reason for the rather limited number of patents is the dominating 
technological content in the project. For this it is often regarded as more advisable to keep IP as confidential knowhow instead of 
disclosing technical details in process patents, which are many times poor regarding the verification of patent infringements. 

 

Type of IP 
Rights:  

Application 
reference(s) (e.g. 
EP123456) 

Subject or title of application 
Applicant (s) (as on 
the application) 

Patent 
appl..  

DE102010061978  Organischer Transistor und Verfahren zur Herstellung desselben, organische 
Transistoranordnung und Verfahren zur Herstellung derselben  Fraunhofer 

Patent 
appl.. 

DE102011081669 
 Elektronisches Bauelement mit einer Mischung aus organischen Halbleitern  Fraunhofer 

Patent 
appl. 

DE102011083648 
 Verfahren und Vorrichtung zur Herstellung einer Polymerelektronik  Fraunhofer 

Patent 
appl. 

FR1357883 Procédé de fabrication d'un circuit CMOS organique et circuit CMOS organique protégé 
contre les UV  CEA 

Patent CN2012123980 
20120131 

 Memory support provided with elements of ferroelectric material and non-destructive 
reading method thereof ST 

Patent US 13/559,433  Method of manufacturing an electronic device having a plastic substrate and 
corresponding carrier ST 

Patent US2013032197 Thin film solar cell module including series connected cells formed on a flexible substrate 
by using lithography  ST 

Patent US2013153030 Encapsulated flexible electronic device and corresponding manufacturing method ST 

Patent  FR1052647 Méthode de Fabrication de deux zones adjacentes faites de différents matériaux  CEA 
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Type of 
Exploitable 
Foreground 

Description of exploitable 
foreground 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application 

Timetable, 
commercial 
or any other 
use 

Patents 
or other 
IPR 

Owner & Other 
Beneficiary(s) involved 

Single process 
development 

Micro-dispensing 
Sub-µm Lacquering 
Parylene passivation 
SU 8/PMMA dielectrics 
processing 
Roll-to-Roll Plasma Processing 
Via interconnection 
Annealing and stabilization of 
printed resistors 

 
R&D services 

 
Plastic Film 
Technology for 
Packaging 

 
2014 

  
Fraunhofer 

Technical 
expertise 

Foil interconnection process Contract research in 
heterogeneous 
system integration 

Plastic film sytem 
integration 
Smart packaging 

2014  Fraunhofer 

Technical 
expertise 

Fabrication of organic diodes Demonstration of 
large area matrix 
array 

large area 
sensing 

2015  Fraunhofer 

Technical 
expertise 

oTFT Tansistors for sensing  single use 
sensors 

2015  Fraunhofer 

Technical 
expertise 

Printing of (passive) functional 
materials 

Plastic film sensors low-cost single-
use sensors, 
large area 
sensing 

2014  Fraunhofer 

Technical 
expertise 

Fabrication of RF interface 
components in Roll-to-roll 

RF circuits Internet of Things  2014  Fraunhofer 

Technical 
expertise 

Characterisation process for 
organic semiconductors 

Service to industry Organic 
semiconductor 
materials 

2014 --- TU Berlin 

Technical 
expertise 

Small Molecule Organic 
Semiconductor : Formulation and 
Printing on Foil for OTFT  

Service to Industry 
Material 
Benchmarking 

OLAE value chain 
: Material supplier 
( OSC, inks, 
substrate), 
printing tools 
manufacturer and 

2014  
Service to 
industry 

 CEA Liten Grenoble 
PICTIC platform 
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Type of 
Exploitable 
Foreground 

Description of exploitable 
foreground 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application 

Timetable, 
commercial 
or any other 
use 

Patents 
or other 
IPR 

Owner & Other 
Beneficiary(s) involved 

device printers  
Large Area Smart 
Surfaces (LASS) 
and Smart 
Interactive 
Objects (SIO) 

Technical 
Expertise 

OTFT electrical characterization, 
Parameter extraction, statistical 
analysis & modeling 

Service to Industry 
and R&D ( university 
and RTO) , 
education 

Fabless 
designers,  
Devices printers  
LASS and SIO  

2014  CEA Liten Grenoble 
PICTIC platform 
& COSMIC device 
partners 

Commercial 
Exploitation of 
R&D Results 

Manufacturing of C-OTFT Printed 
Circuits, based on Design Rule 
Manual Design Tool Kit and 
Libraries 

Service to industry 
and R&D, 
as a Prototyping 
Foundry 

Plastic Film 
System 
Integration 
LASS, SIO, 
security  
 

2014 
prototyping 
service 

 CEA Liten Grenoble 
PICTIC platform 
 
 

Commercial 
Exploitation of 
R&D Results 

Printed C-OTFT technology on 
Foil (including Printed Resistors) 

Technology Transfer 
to Industry 

Plastic Film 
System 
Integration 
LASS, SIO , 
security  
 

>2017 for 
technology 
transfert for 
C-OTFT on 
large area 

 CEA Liten Grenoble 
PICTIC platform 
 

General 
Advancement 
of knowledge 

Co-integration of several printed 
devices on Foil 

Contract research in 
heterogeneous 
system integration 

Flexible, large 
Area System 
Integration plastic, 
paper ….  
LASS, SIO 

2014  
Through 
bilateral 
industrial 
project 
and/or 
National or 
EU funded 
project 

 CEA Liten Grenoble 
PICTIC platform 
 

Technical 
expertise 

TFT integration 
Semiconductor processing 

Contract research Displays 
Flexible 
Electronics 

2014  IMEC 
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Type of 
Exploitable 
Foreground 

Description of exploitable 
foreground 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application 

Timetable, 
commercial 
or any other 
use 

Patents 
or other 
IPR 

Owner & Other 
Beneficiary(s) involved 

Material 
evaluation 

Technical 
expertise 

Disposable Data Logger Cold chain tracking 
for food 
Patients monitoring 
instrument 

1.Medical 
2. Food Safety 
monitoring 

2017  ST 

Technical 
expertise 

Smart Building Sensor Platform Monitoring and/or 
control network 
system 

1.Building 
Automation 

2018  ST 

 Smart Sensor Plaster Human body 
parameters 
monitoring 

1. Healthcare 
2. Wellness 

2018  ST 

Technical 
Expertise 

Design of Digital circuits based 
on C-OTFT,  
Digital building-blocks IP library 

Technology Transfer 
to Industry and R&D 
( RTO) ,  
IP licensing 

LASS and SIO  
Internet of Things 
Biomedical 
disposable 
sensors 

2014  TUE and WP2 partners 

Technical 
Expertise 

Design of Sensor Front-end and 
ADC circuits based on C-OTFT,  
Analogue building-blocks IP 
library 

Technology Transfer 
to Industry and R&D 
( RTO) ,  
IP licensing 

LASS and SIO  
Internet of Things 
Biomedical 
disposable 
sensors 

2014  TUE and WP2 partners 

Technical 
Expertise 

Design of Radio Front-end 
circuits based on C-OTFT,  
RF building-blocks IP library 

Technology Transfer 
to Industry and R&D 
( RTO) ,  
IP licensing 

LASS and SIO  
Internet of Things 
Biomedical 
disposable 
sensors 

2014  TUE and WP2 partners 

Technical 
Expertise 

Electrical modelling of organic 
transistor 

Compact model for 
circuit design 

Organic 
semiconductor 
devices 

2014  CNR 
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