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1 Final publishable summary report 

1.1 Executive summary 

FLEXIBILTIY aims at advancing the competitiveness of Europe in the area of multifunctional, ultra-
lightweight, ultra-thin, bendable organic and large area electronics (OLAE). With OLAE, technology 
systems can be fabricated on a simple piece of plastic foil or even paper resulting in low fabrication 
costs per area. The research efforts combine the complementary competences of four large 
companies, three SMEs, one research institute and three universities. Participating countries are 
Austria, Finland, Germany, Italy, Greece and Switzerland. 

The FLEXIBILITY consortium has access to a very heterogeneous set of flexible technologies 
suitable to provide a wide range of functions of interest for complex electronic systems. The core 
goal of the project is to further develop all the available technologies to enable their integration into 
flexible or wearable systems, making them mechanically, electrically and functionally compatible 
each with all others. Refining the target that were proposed in the planning phase of the project, in 
the second phase four of such systems have been proposed for demonstrating the potential of the 
consortium technologies: (a) an “audio bag” with integrated flexible speaker, driving electronics for 
interfacing smart phones and optional radio receiver; (b) an interactive soft-book toy for kids; (c) a 
general purpose receiver label for interfacing switches and actuators; (d) a sample-validator label 
with temperature sensor and battery-based timer. 

The development of the technologies was very successful since the early phase of the project, with 
nearly every device showing improved absolute performance and mutual compatibility. In the first 
years of activity, the focus was naturally directed to technology development and implementation of 
single function modules. It is at those two levels that the most outstanding results have been reported 
by the consortium: 

 First (and still unique) fully-printed solar module in the market 

 Lightest and most flexible power module 

 Fastest fully mass-printed OFETs 

 Highest reported OFET output power 

 Most bendable a-IGZO TFT technology 

 First integrated and fully-printed audio module (printed amp and speaker) 

 First fully inkjet-printed temperature sensor in Wheatstone bridge configuration 

 First demonstration of flexible AM and OOK radio receiver 

All technologies and modules were developed and optimized for operation within the same target 
systems, with particular focus on the audio bag and soft book pages, which requested the largest set 
of components in the most complex system architectures. 
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1.2 Summary description of project context and 
objectives 

FLEXIBILTIY aims at advancing the competitiveness of Europe in the area of multifunctional, ultra-
lightweight, ultra-thin, bendable organic and large area electronics (OLAE). With OLAE, technology 
systems can be fabricated on a simple piece of plastic foil or even paper resulting in low fabrication 
costs per area. The research efforts combine the complementary competences of four large 
companies, three SMEs, one research institute and three universities. Participating countries are 
Austria, Finland, Germany, Italy, Greece and Switzerland. 

The FLEXIBILITY consortium has access to a very heterogeneous set of flexible technologies 
suitable to provide a wide range of functions of interest for complex electronic systems: disposable 
and rechargeable batteries, organic printed transistors, flexible thin-film transistors, printed motion 
and temperature sensors, printed OLEDs and touch screens, textile integration technology. The 
project aims at designing fully flexible multifunctional systems, integrating components with 
functionalities from all those different areas in packaged flexible substrates or integrated into 
wearable textile systems. The core goal of the project is to further develop all the available 
technologies to enable their integration into flexible or wearable systems, making them 
mechanically, electrically and functionally compatible each with all others. Refining the target that 
were proposed in the planning phase of the project, in the second phase four of such systems have 
been proposed for demonstrating the potential of the consortium technologies: (a) an “audio bag” 
with integrated flexible speaker, driving electronics for interfacing smart phones and optional radio 
receiver; (b) an interactive soft-book toy for kids; (c) a general purpose receiver label for interfacing 
switches and actuators; (d) a sample-validator label with temperature sensor and battery-based timer. 

For the realisation of these systems, several single function flexible modules had to be developed. 
Table 1 presents an overview of the modules and their role within the target systems. Most of the 
modules could actually be implemented within a single fabrication process. For modules requiring 
more than one technology, a flexible packaging technology has been developed, including a suitable 
strategy for the protection of the packaged components. Also at this level the technologies have been 
developed towards mutual compatibility: the flexible substrates necessary for the mechanical support 
of the thin-film components has been uniformed to be a specific version of PET, thus simplifying 
heterogeneous integration to the fabrication of interconnect and encapsulation. In the course of the 
project, however, the packaging of modules still required mounting discrete devices onto a shared 
carrier. 

For these functional modules, the features of several low-cost flexible OLAE technologies are 
combined. R2R printing will be employed for components requiring large areas (e.g. loudspeaker, 
high-power audio amplifiers and solar cells), 3-D integration, as well as integration of heterogeneous 
devices on one single substrate. Compact (down to 1 μm gate length), fast (~140 MHz transit 
frequency, mobilities >10 cm2/Vs), low-loss IGZO (Indium Gallium Zinc Oxide) thin-film 
technology will enable wireless communication systems. To enable efficient circuit development in 
standard CAD tools possible, design-kits including scalable models and automated layout templates 
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are developed. Interface and packaging issues are studied for full system integration on a common 
flexible foil enabling bending radii down to 1 cm. 

Table 1.1 – Single‐function flexible modules developed within FLEXIBILITY 

 

Soon after the project kicked off in September 2011, the core activities of the four-year effort have 
been structured in three sequential goals: (1) develop and improve all the involved technologies at 
the device and single-component level, in order to meet the performance requirements dictated by the 
applications of interests; (2) develop functional modules relying on those technologies and, if needed 
at this level, optimized flexible packaging; (3) integrate the functional modules into multifunctional 
systems. 

The key goals of the first phase of the project were therefore two folds: on one hand the first 
technology-level specifications were to be derived from the system level requirements; on the other 
hand all the technologies had to be optimized to be compatible one another and the first components 
were to be fabricated. 

The focus of the second phase of the project was across goals (1) and (2): finalize the development of 
all technologies and define the actual available performance; revise the target multifunctional 
systems to match the performance of the available technologies and account for the outcome of the 
first extended market studies. 

The focus of the third and final phase of the project was across goals (2) and (3): translate the final 
baseline version of all technologies and the actual available performance into functional modules; 
finalize the system level specifications for the multifunctional systems and implement a set of final 
demonstrators by combining examples of the available flexible hardware. 
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Figure 1.1 shows – as example – the module-level specification used for the realization of the audio 
bag. Several of the planned modules are present and can be identified in the schematic: radio 
receiver, audio amplifier, printed speaker, disposable and rechargeable power supplies. 

Similar module level schematics have been used for the realization of modules tailored for the other 
systems. 

 

 

Figure 1.1. ‐ System schematic and component distribution, front view of the bag ( Top ) back view (Bottom) 

Figure 1.2 shows pictures of the first audio bag prototype, with several examples of how the flexible 
component have been integrated in the textile frame: the button board with OLED feedback, the 
printed speaker, the R2R OFET audio electronics and the a-IGZO TFT radio receiver, the disposable 
flexible batteries. 

Figure 1.3 shows pictures of one page of the soft-book with its textile presentation to the user and the 
underlying electronics in a flexible printed circuit board. 
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(a) (b) 

  

(c) (d) 

Figure 1.2 – Details of the first audio‐bag prototype: (a)button board; (b) printed speaker integrated in the textile 

frame; (c) flexible radio‐receiver and audio‐amplifier modules in their planned socket; (d) disposable batteries. 
 

  

(a) (b) 
Figure 1.3 – One page of the soft book: (a) textile presentation; (b) underlying flexible circuit with motion sensors 
and TFT electronics. 
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1.3 Description of the main S&T results/foregrounds 

1.3.1 Technologies for circuits 

The two flexible transistor technologies available within the consortium have been dramatically 
improved in the course of the project. Table 4.1 summarizes the performance of the baseline version 
of the technologies and compares it against the initial targets. 

Table 4.1 ‐ State of the Art (SoA) of the technology in FLEXIBILITY.  

Technology Parameter Target First period (D1.2) Baseline technology 

Printing 
ft 10 kHz @ 24 V 48 kHz @ 53 V >30 kHz @ 24 V 

Id,max 15…40 µA/mm ~18 µA/mm @ 60 V ~80 µA/mm @ 36 V 

gm 250…650 nS/mm 
~496 nS/mm 
@  Id = 8.53 µA/mm 

~3 µS/mm 
@ Id ~ 50 µA/mm 

gm/gds >5 5–10 5–30 

TFT ft 200MHz @ 5 V 47 MHz @ 5 V 138MHz @ 5 V 

Id,max   10-5μA/μm @ 
Vds=Vgs=2V 

gm   10μS/μm @Vds=Vgs=2. 

gm/gds 5 @ Vg=5V, 
Vd=5V 

7 @ Vg=1.5V, Vd=1V 7 @ Vg=1.5V, Vd=1V 

1.3.1.1 Optimization of printed technologies 

Description of OFET baseline process 

A baseline process for the manufacturing of OFETs was established. In Figure 4.1 the process is 
shown. Only mass printing technologies are used, which are roll-to-roll compatible to guarantee an 
exceptional high productivity of the whole process chain. Additional, only organic materials are used 
except for the gate electrodes and interconnections between the OFETs. 

This baseline process has been used for the production of all circuits and it can be used as basis for 
modifications of single layers, e.g. the dielectric layer, as described in the following paragraph. 

New dielectric layer approach 

Basic improvements have been made towards an improved transit frequency of the OFETs by  
reduction of channel length of source/drain electrodes and increase of semiconductor mobility. 
However, OFETs needed a supply voltage of approx. 60 V due to the very low capacitance of the 
dielectric made of a relatively thick low-k material (CYTOP). To reduce the supply voltage, which is 
necessary for all FLEXIBILITY circuits, a completely new dielectric layer approach was developed. 
The new setup substitudes the single CYTOP layer by a layer stack of three different materials: a 
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very thin low-k (still CYTOP), a high-k, and an intermediate layer in between. The total layer 
thickness remains in the same range as for the CYTOP only approach, leading to a strongly increased 
capacitance because of the high-k material. The new setup is depicted in Figure 4.2. 

All materials used for the dielectric are still polymers and mass printing technologies are used for the 
realization of the dielectric layers only. Thus, there is no change in the general baseline process 
except two additional printing steps. To reduce the amount of non-organic and potentially expensive 
materials, PEDOT:PSS was tested as alternative gate electrode successfully. A photograph of fully 
printed OFETs with the new dielectric triple layer and the PEDOT:PSS gate electrodes is given in 
Figure 4.3. These OFETs are not only flexible, but also semi-transparent. 

More details about the electric performance of the devices are available in the deliverable reports of 
WP4 and section 2.2.4.2.2 of the interim report D1.3. 

      
Figure 4.1: Baseline process for OFET manufacturing (left) and photograph of fully printed OFETs on flexible PET 

substrate (right). 

 
Figure 4.2: New OFET setup with 3‐layer dielectric layer approach 

 
Figure 4.3: Fully printed OFETs with new dielectric layer approach and PEDOT:PSS gate electrodes. 
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1.3.1.2 Optimization of thin-film technology: ultra-flexible transparent 
electronics 

After the research activities of the first project years, the baseline TFT technology to be used for the 
flexible multifunctional system has been selected to be the non-self-aligned a-IGZO TFT, with 
devices of channel length in the order of 4-5um. Only this technology could provide sufficient yield 
for the relatively large number of transistors required by the system. Details about this technology 
are available in the deliverable reports of WP4 and the first interim report D1.2. 

The research work performed towards performance improvement did yield impressive results in the 
area of ultrathin and transparent electronics, which have already been protected with a patent. 
Flexibility in thin film devices can be achieved by direct fabrication on plastic foil, by peeling off a 
polymer layer spin coated on a rigid substrate or by spalling the thin top layer from a crystalline 
silicon wafer after device fabrication. Extremely small bending radii (<1mm) can be achieved either 
by using materials with high mechanical strength or by fabricating the electronics in the neutral strain 
position. In addition to the two aforementioned strategies, a third very promising route consists in the 
use of ultra-thin substrates. Besides the extreme bendability, this approach offers unique capabilities 
as lightness and conformability which are important for smart skin, biological tissues sensing and 
even solar cells. The substrate can be also chosen to accomplish specific functions like dissolve after 
a predetermined time frame. ETH worked on a method to achieve ultra-flexible electronics on an 
engineered substrate which is not only a support useful during the fabrication, but whose thickness 
and properties are designed as in the case of the other active electronic layers. The process scheme is 
shown in Figure 4.4. 
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Figure 4.4  ‐ Materials, process and methodology  to  realize ultra‐flexible electronics.  (a) The proposed engineered 
substrate consists of two soluble films  (PVA and PVAc) and of a non‐soluble  layer  (parylene) deposited on rigid or 
flexible  support.  The  selective  dissolution  of  the  layers  enables  the  release,  the  transfer,  the  adhesion  and  the 
removal after use of  the electronics. The desired  requirements  for  the  layers are  listed  in bold.  Low‐temperature 
processable materials  can be  employed  to  fabricate ultra‐flexible devices  in  electronics  and photonics.  (b–e)  The 
proposed process scheme can be implemented at wafer scale. Here, we demonstrate the feasibility of such approach 
in  the case of a 2‐inch wafer. The water starts dissolving  the PVA  layer  from  the borders of  the wafer and slowly 
proceeds  towards  the  center. The whole  releasing procedure  takesB30 min after which  the wafer  sinks while  the 
membrane  floats on water  (Scale bar  in b, 1 cm).  (f–h) After  the  release of  the hosting support,  the membrane  is 
fished and transferred onto flexible and elastic  foils, textiles, biological tissues and  implantable devices.  In case of 
transfer  to polyimide  foils, nitride  rubber, plant  leaves  and human  skin, we dissolved  an  additional PVAc  film  in 
acetic acid to remove the electronics after use 

We realized electronics on top of a bi-layer polymer substrate which can be selectively dissolved to 
enable the release from a hosting support, the transfer and the adhesion onto almost any surface and 
the removal after use. Following this approach, sensors, transistors and circuits have been micro-
machined on top of a 1μm thick parylene film which is released from a carrier chip after the 
dissolution of a PVA layer in water. Transparent and non-transparent transistors based on 
amorphous-Indium Gallium Zinc Oxide (a-IGZO) have mobility as high as 24cm2/Vs and 16cm2/Vs, 
respectively, and continue to work even when wrapped around hairs with a radius of 50μm (Fig. 4.5). 
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Figure 4.5 ‐ Ultra flexible and transparent TFTs.(a) Schematic representation of a transistor wrapped round a human 
hair. (b) Scanning electron microscopy picture of transistors wrapped around three fragments of human hairs placed 
on a glass  support. The  thin membrane ensures high  flexibility and  conformability and  it wraps around  the hairs, 
which have a radius of 50μm (tensile strain, ε=0.4%) (scale bar, 200mm). (c) Optical microscope picture of the area 
highlighted by the white box in b (scale bar, 200mm). (d) Optical microscope picture of a non‐transparent TFT (Ti/Au 
metallization) whose  channel  is  bent  around  a  hair  (scale  bar,  100mm).  (e)  Transfer  (VDS=0.1,  5  V)  and  output 
(VGS=3.5, 4, 4.5, 5 V) characteristics of a non‐transparent TFT  (W/L=280μm/80μm) bent around a hair. The device 
shows a threshold voltage, VTH, of about 3.4 V, mobility, μ, of about 26cm2/Vs, a Ion/Ioff ratio greater than 106 and a 
gate leakage current, IG, smaller than 10pA for full range of operations. The relatively high threshold voltage is due to 
the fact that this device is not passivated. (f) Transparent TFT whose channel region is bent around a hair (scale bar, 
100mm). (g) Transparent TFT (W/L=280μm/80μm), when bent around a hair, shows a threshold voltage of 0.17 V and 
an effective mobility of 11cm2/Vs. 

 

 

Transparent and lightweight devices are transferred on plastic contact lenses which could potentially 
be used to monitor the intra-ocular pressure for glaucoma (Figure 4.6). The use of rigid supports 
(glass or silicon) during the fabrication, mitigate some issues, like substrate thermal expansion or 
water absorption, which are encountered in case of direct fabrication on foils and which limit the 
feature resolution and alignment, hence, yield and performance. Finally, the possibility to implement 
such scheme at wafer scale and the use of a-IGZO could represent a good compromise between large 
area integration and performance and, hence, a valid alternative to similar reported approached. 
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Figure 4.6 ‐ Transparent and light electronics for smart contact lens. (a) The membrane with on top transparent TFTs 
and gold strain gauge sensors is transferred on a plastic contact lens held between two fingers (scale bar, 2.5 mm). 
(b) The membrane transferred on an artificial eye. (c) Strain gauge sensor response to applied strain. The sensor can 
be potentially exploited to monitor the intraocular pressure. (d,e) Transparent TFT (W/L=280μm/80μm) measured on 
a  contact  lens placed on an artificial eye. The  transfer  characteristic  refers  to VDS=0.1 and 5 V while  the output 
characteristic  is  for VGS  from 2–5 V with  a 0.5 V  step.  The  transistor  exhibits  a mobility of  about 7.2  cm2/Vs,  a 
threshold  voltage  of  0.34  V,  a  sub‐threshold  swing  of172  mV/dec,  an  on/off  ratio  greater  than  105  and  a 
transconductance of about 0.15mS/μm at VGS=5V 

 

 

 

1.3.2 Sensors and actuators 

1.3.2.1 Printed loudspeaker 

Types of printed loudspeakers 

Many different types of printed piezoelectric loudspeakers have been developed for the demands of 
different application scenarios. Variations have been realized e.g. regarding the size of the speakers, 
the thickness of the piezoelectric layer and the conductivity of the electrodes. An overview of the 
basic properties, main printing processes and addressed applications of the loudspeakers is given in 
Figure 6.1. 
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speaker type small area   large area  

Working 
principal 

piezo electrical 

active area 4 cm² (V3) 5 cm² (V2) 16 cm² (V1) 130 cm² 550 cm² 

maximum 
sound 
pressure level  
(1 m distance, 
50Vpp) 

70 dB @ 14,5 
kHz 

66 dB @ 6.6 kHz 71 dB @ 6.5 kHz 82 dB @ 2.3 kHz 
82 dB @ 1 
kHz 

impedance 
(10 VPP) 

61 kΩ @ 1 kHz 

6.6 kΩ @  10 
kHz 

 36 kΩ @ 1 kHz 

 5 kΩ @  10 kHz 

21 kΩ @  1 kHz 

2.5 kΩ @  10 kHz  

2.4 kΩ @  1 kHz 

0.5 kΩ @  10 kHz 

2.1 kΩ @  
1 kHz 

0.3 kΩ @  
10 kHz 

printing 
process 

sheet-fed 
flexography 
and screen 
printing 

R2R gravure 
sheet-fed flexography and screen 
printing 

sheet-fed 
screen printing 

applications 
electrical 
modelling 

beeping or signal alerts                                      reproduction of music 

 

 
   

 

 
Figure 6.1 ‐ Overview of printed piezoelectric loudspeaker. 

While large area speakers (130–550 cm²) are working very well for music reproduction, smaller 
speakers (5–16 cm²) show good performance especially in higher frequency ranges and as a result 
they are feasible for beeping and signal applications. 

Production processes and their reproducibility 

For the production of the piezoelectric loudspeakers three different printing technologies were 
investigated: Screen/stencil printing, flexo printing, gravure printing. While for screen and flexo 
printing a sheet-fed printing system was used, gravure printing was made at a R2R printing press. 
The results obtained from these investigations led to three main production lines summarized in 
Figure 6.2. 

1) sheet-fed screen printing for all 
layers 

2) sheet-fed flexography for 
all layers 

3) R2R gravure for all layers 

 
 

 

  

Fi
gure 6.2 ‐ Production lines for fully printed loudspeaker. 
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Besides production lines with one single process technology only, it is also possible to combine 
different technologies, e.g. flexo printing and screen printing for the electrodes and the piezoelectric 
layer, respectively. 

During the project a good reproducibility of different electrical parameters (e.g. impedance) of 
printed speakers was achieved. In D6.3 a high reproducibility with different active areas (16 cm², 130 
cm²) and thicknesses (20 µm, 30 µm) was shown with the screen printing production line for 5 to 10 
samples per speaker type. Figure 6.4 shows an overview of different speaker types and number of 
batches over the last years in the FLEXIBILITY project. The average value for each batch includes 5 
to 25 samples. The reproducibility over the last three years is very good with only small deviations 
by today. The 16 cm² type deviates more because of some changes in the piezo layers thickness. The 
reproducibility is for all production lines similar. 

 
Figure 6.4 Impedance of different speaker type and number of batch. 

Besides the reproducibility investigations on the reliability were made as well, as shown in D6.3. The 
printed loudspeakers are stable for at least six months in air without any encapsulation. 

1.3.2.2 Temperature sensor. 

A fully inkjet-printed flexible temperature sensor in a Wheatstone bridge configuration (see Figure 
6.5) has been developed within FLEXIBILITY. 

R1R2

R3R4

PTC

PTCNTC

NTC

VoutV0

I0
a) b)

 
Figure 6.5 ‐ Temperature sensor element in Wheatstone bridge configuration. a) Circuit design with bias current I0, 
bias voltage V0 and output voltage Vout. b) Wheatstone bridge with PTC resistors (Carbon Ink 1, R2 and R3) and NTC 
resistors (PEDOT:PSS/DMSO, R1 and R4). Electrical contact pads and connections are printed with a silver 
nanoparticle ink. 
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A carbon nanoparticle ink and a mixture of poly(3,4-ethylenedioxythiophene):poly(4-styrene-
sulfonate) (PEDOT:PSS) and dimethyl sulfoxide (DMSO) are used as positive (PTC) and negative 
(NTC) thermal coefficient materials, respectively. 

The reliability of NTC and PTC sensor elements has been evaluated. For this purpose, we measured 
the resistance of encapsulated and unencapsulated NTC samples with a DMSO concentration of 
10 wt% within a damp heat accelerated lifetime test for 400 hours at 65°C and 85% RH. The relative 
resistance of encapsulated samples increased by 10% compared to 130% for the sample without 
encapsulation. This shows that the barrier foil leads to a significant increase in stability. Analogously 
to the NTC materials, a damp heat accelerated lifetime test was performed by exposing two 
encapsulated samples of three different PTC inks to 65°C and 85% RH for 600 hours. We observed a 
change of relative resistance after 600 hours of -8%, 19% and 30% for Ink1, Ink2 and Ink3, 
respectively. Therefore, we conclude that among the tested inks Ink1 exhibits the highest stability. 

Furthermore, the sensitivity of the temperature sensor was investigated. The output voltage of the 
bridge as a function of temperature is plotted in Figure 6.6a for bias currents 0.1 mA and 1 mA. The 
graphs show good linearity, little hysteresis and sensitivities of 0.4 mV/°C and 3.9 mV/°C for bias 
currents of 0.1 mA and 1 mA, respectively. In order to evaluate the reproducibility of the temperature 
sensor fabrication, we measured the output voltage of three identically produced Wheatstone bridges 
for two consecutive temperature sweeps at a bias current of 0.1 mA. As shown in Figure 6.6b, the 
performances of the three bridges coincide very well, which evidences a good reproducibility of the 
Wheatstone bridge fabrication process.  
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Figure 6.6: a) Output voltage of the Wheatstone bridge at different bias currents of 0.1 mA and 1 mA exhibiting 
sensitivities  of  ~0.4  mV/°C  and  ~4  mV/°C,  respectively.  b)  Output  voltages  of  three  identically  fabricated 
Wheatstone bridges at a bias current of 0.1 mA. 

In order to evaluate the reliability of the temperature sensor, we furthermore measured the relative 
output voltage V/V0 of an encapsulated bridge under ambient conditions for 600 hours at a bias 
current of 0.1 mA. As shown in Figure 6.7 V/V0 varies between ~ -3% and +1% within 600 hours, 
which is equivalent to a temperature variation between ~ +2.2°C and -0.74°C.  
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Figure 6.7 ‐ Relative Output voltage of encapsulated the Wheatstone bridge under ambient conditions. 

1.3.2.3 Printed motion sensor 

A spray coated motion sensor was developed. It is based on photosensitive devices, which are 
capable of detecting light in the visible/near-infrared regime with a wavelength up to 1 µm. In the  
deliverable D6.2 we have presented first processed samples on flexible substrates with the 
photoactive bulk heterojunction (BHJ) composed of regioregular Poly(3-hexylthiophene) (rr-P3HT) 
blended together with [6,6]-phenyl-C 61-butyric acid methyl ester (PCBM). The organic photodiodes 
(OPDs) thus fabricated exhibit wavelength sensitivity up to around 700 nm. 

Subsequently, in order to further shift the external quantum efficiency (EQE) sensitivity to the near 
infrared range, we employed a different BHJ blend. We therefore substituted P3HT by the small 
bandgap polymer poly[2,6-(4,4-bis-(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-b′]dithiophene)-alt-4,7-
(2,1,3-benzothiadiazole)] (PCPDTBT) (bandgap Eg ~ 1.46 eV). 

 
Figure 6.7 (a) Schematic of the layer stack. (b) Schematic of the layout. (c), (d) Bottom view of a flexible device. 

The layer stack is schematically depicted in Fig. 6.7(a), and the device layout is shown in Fig. 6.7(b). 
The layout consists of four OPDs, processed onto 5×5 cm² ITO-coated PET foils with barriers, with 
the OPDs having an active area of 1 cm² each. The devices are processed as follows. We use ITO-
coated PET substrates. After structuring the ITO layer, a 90 nm thick P3HT interlayer is deposited. 
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Subsequently, the 700 nm thick BHJ is spray-coated. The cathode is realized by thermally 
evaporating an 80 nm Al layer. The device is finally encapsulated by a barrier-coated PET foil. The 
bottom view of a flexible device is displayed in Fig. 6.7(c) and (d). 

 
Figure 6.8 (a) Current densities of the OPDs for both dark and illumination conditions as a function of the bias 

voltage. (b) Corresponding EQE at a bias voltage of ‐5 V. 

The I-V characteristics of the four OPDs of a sample are displayed in Fig. 6.8(a), both for dark and 
illumination (100W/m² white light AM 1.5) conditions. As evident, the dark currents are comparably 
high. The EQE depicted in Fig. 6.8(b), which amounts to 28% at 800 nm clearly shows a sensitivity 
in the near IR regime and thus allows for a detection of higher wavelengths compared to a BHJ with 
P3HT. 

Afterwards, we have modified two process steps in order to increase manufacturability and reliability 
of the OPD devices. We first focused on substituting the top-side encapsulation process. As stated 
above, until now barrier-coated PET-foils glued with UV-curable epoxy adhesive have been used. 
Since the handling of this process step is rather tedious, we employed aluminum coated PET foils 
equipped with an adhesive layer, which can be laminated onto the OPD devices. Moreover, since the 
barrier-coated PET foils are quite expensive, the fabrication costs can be lowered. For further details 
regarding the lamination setup and current density curves please see Deliverable 6.3. 

The second modification aims at an ITO substitution, which increases the process reproducibility, 
reliability and at same time renounces usage of rare earth materials. First, the ITO-coated PET 
substrates exhibit ITO spikes and thus a high roughness of the substrates. Second, the ITO layer is 
very susceptible to mechanical stress. Consequently, after several bending cycles (~10) we observe 
visible cracks in the ITO/barriers layers, which impede high bending cycle applications. To 
overcome these drawbacks, we replace the ITO by depositing highly conductive PEDOT via 
spincoating on barrier-coated PET substrates. Analogous to the ITO layer, the PEDOT layer is then 
photolithographically structured. 

 
Figure 6.9 ‐ (a) I‐V characteristics and (b) EQE measurements for an OPD with solution processed high conductive 

PEDOT electrode and laminated aluminum sheet encapsulation. 
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The I-V characteristics and EQE measurements for an OPD with both solution processed high 
conductive PEDOT electrode and laminated aluminum sheet encapsulation processed with a 
P3HT:PCBM spray deposited BHJ is shown in Fig. 6.9(a) and (b), respectively. We observe low 
dark current densities down to 1×10-5 mA/cm² at a reverse bias voltage of -5 V and EQEs exceeding 
65%. Around 20 samples (resulting in 80 OPDs) have been produced with the described modified 
process steps, where no OPDs show shorts, i.e., 100% of the diodes are working. However, the 
standard deviation of the dark currents at a given bias voltage is still high in comparison to ITO/glass 
reference samples. 

We then performed damp heat accelerated lifetime tests with selected samples. After 58 hours at 
moderate conditions (38°C and 90% relative humidity (RH), acceleration factor 2-5), no changes 
could be observed in the parameters. Subsequently, the samples have been exposed to 65°C and 85% 
RH (acceleration factor 35-50), where they have been monitored for 118 hours. For detailed 
measurement results (dark current density and EQE curves), please refer to Deliverable 6.3. All 12 
OPDs could withstand the final test conditions 118 hours at 65°C and 85% RH. So far, no sample 
showed an increase in dark current and the conditioning phase reduced the standard deviation of the 
dark currents at a given bias voltage. The EQE is almost unaffected after 118 hours under final 
conditions 65°C / 85% RH at -5V, but it shows an evident reduction at lower bias voltages indicating 
first degradation signs. 

1.3.2.4 Printed OLED 

Printed OLED manufacturability and reliability was evaluated with large quantity of devices. The 
devices were based on sheet-to-sheet processing and Super Yellow (SY) light-emitting polymer. 
Total 927 SY individual devices with variable process conditions and ink formulations were 
characterized in terms of luminance-current-voltage and manufacturing yield of functional devices. 
Although the device LIV performance is slightly reduced when the thickness of silver top electrode 
was reduced from 100nm to 30nm, the device manufacturing yield is significantly increased from 
67% to 95%. Detailed analysis and data can be found from the deliverable D6.3. 

 
Ag Luminance vs. voltage Current density vs. voltage Efficiency vs. luminance Yield [%] 

30 nm 95% 

100 nm 67% 

Figure 6.9 ‐ The OLED characteristics and manufacturing yield for 30 nm and 100 nm thick silver top electrodes. 
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In addition to printed OLED activities, we introduced alternative light-emitting polymer material for 
mass-manufacturing of OLEDs. The commercially available green light-emitting polymer 
(Poly[(9,9-di-n-octylfluorenyl-2,7’-diyl)-alt-co-(1,4-benzo[2,1',3]-thiadiazole)] end-capped with 
DMP, short name PFBT) was evaluated in the printed OLED stack instead of SY layer, which was 
utilized in the first R2R printing trials in the Flexibility project. Another reason to test PFBT polymer 
was that SY with lower molecular weight cannot be received from Merck anymore. Merck has 
stopped the production. The development of roll-to-roll printing of OLEDs was carried out with 
VTT’s in-air ROKO pilot printing machine and R2R evaporator. Typical polymeric OLED 
configuration and materials, and selected printing and manufacturing methods are listed below. 

1) ITO coated PET anode substrate: the patterning via R2R screen printing of etching gel. 

2) PEDOT:PSS hole injection layer: R2R gravure printing 

3) PFBT light emitting polymer layer: R2R gravure printing 

4) Ca/Ag metal cathode: R2R thermal evaporation 

 

Size [mm2] PFBT layer t 
[nm] 

U turn-on [V] Max. luminance 
[cd/m2] 

Max. efficiency 
[cd/A] 

Yield [%] 

25 68±3 4.6 487±111 at 18.5V 0.7±0.2 at 13.5V 93% 

25 59±5 3.4 733±129 at 10.0V 0.6±0.1 at 8.5V 88% 

150 68±3 6.9 69±16 at 14.0V 0.5±0.1 at 10.5V 94% 

150 59±5 6.8 45±9 at 13.0V 0.3±0.1 at 10.5 95% 

Figure 6.10 ‐ The summary of average LIV characteristics with standard deviation and manufacturing yield of roll‐to‐

roll printed PFBT OLEDs with variable emissive size and PFBT layer thicknesses. 

The Figure 6.10 summaries the results of R2R printed OLEDs. Although the thickness of PFBT layer 
was relatively low, the manufacturing yield of functional devices was high. 25 mm2 size of devices 
exhibited higher performance in terms of luminance level than 150 mm2 size devices. This may due 
to the resistivity of electrodes. 

Preliminary operational lifetime measurements were done to the printed OLEDs with the emissive 
area of 18 mm2. The purpose was to evaluate the T50 lifetime starting at variable initial brightness 
levels at room temperature. PFBT and SY polymers were compared. Two SY based devices at the 
initial luminance of 100 cd/m2achieved LT50 after 230 hours and 150 hours, respectively. However, 
the PFBT based OLED reached only 0.05 hours at the initial luminance of 200 cd/m2. Thus it was 
expected much lower lifetime of PFBT compared to SY. The driving voltages were increased 1-2 
volts during the measurements, which is typical for OLEDs. 
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1.3.3 Integrated circuits 

A very large number of flexible integrated circuits have been successfully fabricated and 
characterized in course of the project. This section provides examples of the most outstanding 
results, particularly in comparison with the state of the art. More details about other circuits are 
available in the deliverables of WP5 and the interim reports of WP1. 

1.3.3.1 OFET circuits 

1.3.3.1.1 Fully-printed OFET amplifier 

The fully-printed audio amplifier is successfully designed, fabricated, encapsulated, packaged and 
tested based on the new 3L OFET technology of TUC. We could get ~20dB better performance with 
this new technology comparing to the old version reported in D1.3. The circuit design aspects are 
discussed in D5.4. The packaged module (Sub2b) is shown in Figure 5.1(a). The circuit was printed 
in February and is still working in September after seven months. Almost no damage to the amplifier 
performance was observed after encapsulation or packaging. The voltage gain of the loaded amplifier 
(i.e. with 128cm2 speaker) and unloaded amplifier are shown in Figure 5.1(b).  

The measured output sound pressure level (SPL) at one meter distance above the speaker is shown in 
Figure 5.1(c) for a 1Vrms input signal. The sound is clearly audible over 700Hz—14kHz. Sound 
distortion analysis is shown in Figure 5.1(d). The second and third harmonics (relative to the first 
harmonic) are shown in this figure. At frequencies above 1kHz, harmonics are more than 20dB lower 
than the desired sound (i.e. H1), this is quite good for a printed speaker. Higher order harmonics 
were negligible. 

The sample which was used for these characterizations, could successfully operate for more than 20 
hours during the measurements. 

 
                                              (a)                                                                                                    (b) 
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                                                     (c)                                                                                                      (d) 

Figure 5.1 ‐ The fully‐printed OFET audio amplifier. (a) packaged Sub2b, (b) measured electrical performance, (c) 

measured output sound pressure level, (d) acoustic harmonics. 

 

1.3.3.1.2 Fully-printed OFET oscillator 

Taking into account the new developments (OFET dielectric and resistors), an improved version of 
the printed signal generator was designed and fabricated. Compared to the first version, the load 
transistor of each inverter stage had been replaced by a carbon based resistor. The resistor values 
were estimated based on the current output of the drive OFETs (W=75 mm, L=20µm). Figure 5.2 
shows the complete schematic of the circuit. 

 
Figure 5.2 – Circuit schematic of the OFET ring oscillator. 

 

The ring oscillator was designed to drive printed loudspeakers for signal alert applications using a 
big buffer stage with a channel width of 225 mm. The resulting oscillation frequency fits very well 
and is in the range of 1…5 kHz. Additionally, the output swing has been strongly improved from 
version 1 to version 2 (Figure 5.3(a)). 
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(a) (b) 

Figure 5.3 – (a) Oscillation of fully printed ring oscillators, version 1 (grey, 7 stages + buffer, fOsci = 1 kHz, (Vpp ≈ 

10V)) and version 2 (orange, New: 5 stage + buffer, fOsci = 3.9 kHz, (Vpp ≈ 30V)) @ Vdd = 60 V; (b) Plot of Frequency 

vs. supply voltage for a batch of 4 printed signal generators 

With respect to the final demonstrators, we adapted the multilayer dielectric (slightly thicker layer of 
Cytop) to increase operational as well as long term stability, but at the expense of maximum output 
frequency. With these small changes in configuration, we could reduce the risk of pinholes, and thus 
to high leakage current, significantly. The diagram in Figure 5.3(b) includes the output frequency 
fOsci versus supply voltage VDD for a batch of four printed signal generators, showing moderate 
deviation of ±10%. 

All of the printed devices have shown a stable oscillation, even at low supply voltages down to 20V. 
Figure 5.4 illustrates the oscillation behavior at different Voltages for Sample “RO#1”, exemplarily. 
At VDD = 60V, the maximum frequency was around 2.5 kHz with an output voltage VPP  > 40V. 

 

Figure 5.4 ‐ Oscillation of fully printed ring oscillators (RO #1) at different VDD (20V, 40V, 60V) 

1.3.3.2 TFT circuits 

1.3.3.2.1 AM Receiver 

This receiver is designed for an AM radio module in the audio bag. The circuit consists of a four-
stage cascode amplifier at the RF input, a detector based on a source follower, and a common source 
circuit for the baseband amplification shown in Fig. 5.5. The total number of transistors is twenty-
four. Figure 5.6(a) shows a photograph of the fabricated circuit in the HF TFT process. Figures 
5.6(b) and 5.7 show measurement results. The measured conversion gain is very flat and exceeds 15 
dB from 2 to 20 MHz carrier frequency range, which covers a relevant portion of the shortwave radio 
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band. The 3 dB-bandwidth of the audio signal is 400 Hz to 10 kHz, which is comparable to the so-
called voice band, and it is also suitable to low-rate data communication. 
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Figure 5.5: Schematic of the AM receiver (HF #12). 
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Figure 5.6: (a) photograph of the AM receiver fabricated in HF TFT process; (b) measured waveform.
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                                                  (a)                                                                   (b) 

Figure 5.7: Measured frequency responses. (a) Conversion gain vs. carrier frequency. (b) Conversion gain vs. audio 

(baseband) frequency. 
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1.3.3.2.2 RF Amplifier 

This amplifier is an example of several variants that were designed and successfully characterized to 
work in many parts of the target multifunctional systems. It is a single-ended, single-stage, Cherry-
Hooper amplifier, which is optimized for the widest bandwidth. Figure 5.8 shows the schematic and 
photograph of the circuit. As shown in Fig. 5.9, the cherry-Hooper amplifier achieved a wide 
bandwidth of 3.5 MHz with sufficient gain of 10.4 dB, which confirms that the performance of the a-
IGZO TFT is sufficient for realizing an AM radio receiver. This circuit has the best reported 
performance in a-IGZO TFTs circuits, which can provide a 3 dB bandwidth of 3.5 MHz. Figure 5.9 
also plots simulated curves. The simulations, which are based on a RPI-aTFT model, are in good 
agreement with measurements. It shows that the circuit topology is more robust against process 
variations. 

2.
76

m
m

3.51mm

 
                                                  (a)                                                                   (b) 

Figure 5.8: Wide band Cherry‐Hooper amplifier (a) Schematic. (b) Photograph of DUT. 
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Figure 5.9: Measured frequency response of wide band Cherry‐Hooper amplifier. 

1.3.3.2.3 Digital control circuits 

A digital circuit was designed for the channel-select function of the AM receiver. The circuit consists 
of several combination logic gates and two flip-flops to hold the state of the switches. Figure 5.10 
shows the schematic and its truth table. The circuit is implemented with forty-two HF TFTs, and the 
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area of circuit core is 1.98 x 7.0 mm2. A photograph of the fabricated circuit is shown in Fig. 5.11(a). 
An example of the measured waveforms are shown in Fig. 5.11(b). The purple pulse set the output 
(light blue) to high. Then the circuit successfully kept the state, and the output was reset by the blue 
pulse. 
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Figure 5.10: Schematic of 4‐button channel‐select logic and its truth table. 
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Figure 5.11: (a) photograph of fabricated circuit in the HF TFT process; (b) measured waveforms of the channel‐select 
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1.3.4 DC power supply 

1.3.4.1 Disposable batteries 

Enfucell SoftBattery is a non-rechargeable battery based on zinc - manganese dioxide chemistry with 
zinc chloride as electrolyte. The nominal voltage of one cell is 1,5V. To reach higher voltages 
multiple cells are connected in series. Enfucell SoftBattery power sources can be manufactured with 
roll-to-roll screen printing and lamination equipment. The size and shape are tailored according to 
application. The battery cell size can vary between 1-100 cm² with the specific capacity of 4 
mAh/cm². As to total battery size, the SoftBattery FLEX 24V is so far the largest one made by 
Enfucell.  

The current capability depends on the chosen inner structure and materials, and varies from 0.1 to 2.0 
mA/cm2.The contact pad materials can be chosen to be either carbon, copper, or silver. The preferred 
methods to connect the battery to an application are clamp, conductive tape and conductive ink. 

The Figure and table below summarizes the performance of the 6V and 24V designs tailored to the 
target systems of FLEXIBILITY. 

 

(a)  (b) 

Figure 7.1 ‐ The final version of the ENF SoftBattery for (a) 6V and (b) 24V. 

 

Table 7.1 – Electrical performance of the disposable flexible batteries. 

Nominal Voltage  Voltage Range  Current  Capacity 

6 V  3.6 ... 6.2 V  25 mA (avg, RL = 200 Ω)  14 mAh (* 

24 V  18 ... 32 V  16 mA (avg, RL = 1.5 kΩ)  12 mAh 

*) Capacity from 6.0 to 5.0 V. Two batteries connected in parallel. 
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1.3.4.2 Rechargeable batteries 

Rechargeable flexible batteries were designed and implemented to match the target supplies of the 
system: 6V and 24V. The size is chosen to fit with the respective BELECTRIC module. For these 
modules a connecting circuitry by SIE was made contacting the OPV and the battery including a 
protection diode. These modules fit with the requirements of the end-user Smartex. The batteries 
designed in this project have the following properties: 

1. Electrical  
- Nominal voltage 7,1 V 28,4 V  
- Average voltage @ 0.5 mA 6,0 V 24,0 V 
- Capacity @ 0.5 mA 20 mAh 2,6 mAh 
- Internal resistance < 30 Ω < 120 Ω 
- Self discharge 10-15% / yr. 10-15% / yr. 
- Weight 5,05 g 13,56 g 
- Energy density 23,8 Wh/kg 4,6 Wh/kg 
2. Physical 
- Size 80 x 80 mm² 120 x 120 mm² 
- Thickness > 1,0 mm > 1,0 mm 
- Bending radius > 100 mm > 100 mm 
- Chemistry Nickel – Metal hydroxide (Ni/MH) 
- Electrolyte (state) Potassium Hydroxide solid (KOH) 
3. Environmental conditions 

- Working temperature & humidity -35 … +50 °C 
- Humidity range 20 … 90 % RH 

These batteries were made with a laboratory screen printer. The principle of serial connection by 
printing on one substrate were tested in a 4s-configuration. The potentials of the single cells as well 
as two probes in the electrolyte were measured in a special equipment. 

 

Fig. 7.2: Printed 6V‐batteries in NiMH‐technology (green/grey) and zinc/carbon technology (Black/grey) 
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1.3.4.3 Flexible Organic Photovoltaics (OPVs) 

Project partner Belectric OPV GmbH (BEL) is in the unique position to produce solvent based 
organic photovoltaic (OPV) modules in large numbers, different shapes and different colors. The 
OPV is extremely suitable for the Flexibility Project, as the modules are extremely light, very tough 
and can be tailored in the desired size and also desired output power. For delivering the 6V and 24V 
modules, new tailored design were developed, shown in Figure 1 

 

Fig. 7.3: 6 V module (left) and 24 V module (right) 

The OPVs were employed in combination with the corresponding VAR batteries in rechargeable 
power modules. Figure 7.4(a) shows the design of the 6V module. Between the OPV and the 
batteries, for both 6V and 24V modules, a charge control circuit is included. This prevents the OPV 
to overcharge the battery or discharge it when not exposed to light. Figure 7.4(b) shows a photo of a 
complete 6V module. Further details about the rechargeable power modules are available in the 
deliverable reports of WP7 and the interim reports of WP1. 

(a)  (b) 

Fig. 7.4: (a) connection of the 6 V OPV, charging electronic and battery via crimps; (b) OPV/battery module, 6V‐type
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1.3.5 Packaging 

1.3.5.1 Flexible modules 

A suitable process has been developed for the integration of heterogeneous technologies into the 
same flexible module. Ideally, as many as possible of the available devices should be fabricated on 
the same substrate – PET – requiring little packaging for a finite product. However, access to a 
suitable packaging technology is necessary for interfacing flexible components with the rest of the 
environment and its availability is vital for the set of technology. Within the project, moreover, give 
the early prototyping stage of all the components, the packaging technology has been used and tested 
extensively. Deliverable D8.3 (‘System Packaging’) presents a description of all realized modules 
and submodules and deliverable D9.1 (‘Demonstrator platforms’) details the integration of the 
packaged modules into the demonstrator systems. 

Figure 8.1 present a rather complex example of the capability of the technology in a radio-receiver 
module. Several TFT circuit-blocks have been connected into the receiver system, together with 
flexible passive components and edge-mount flat-cable connectors. 

 

Figure 8.1 ‐ Circuit module sub 3 (assembled with 2 resistors, 3 capacitors, 5 TFT devices and 8 connectors). 

 

Figure 8.2 shows a further example with an OFET signal generator connected to a small printed 
speaker in the beeper module. 
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a) b)

 

Figure 8.2 ‐ Beeper module. 

1.3.5.2 Textile integration 

Similarly to the packaging for flexible modules, the integration into a textile frame has been 
investigated. For the majority of components, interface through a standard flat-cable connector has 
been found to be most practical, particularly given the fragility of most of the prototyped component 
and the need of frequent replacement. However, for the most robust and durable technologies, such 
as the printed speakers, it has been possible to device dedicated solutions. 

Figure 8.3 shows the flexible speakers integrated into a textile frame, which includes electrical 
connectors in the form of metallic snaps. 

  

Figure 8.3 ‐ Integration of flexible loudspeaker into textile structure. 

Further details about textile integration are available in deliverables D8.3 and D9.1. 
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1.4 Potential impact, the main dissemination activities 
and exploitation of results 

During the project execution the consortium was active in the fields of dissemination and 
exploitation of the project results. 

1.4.1 Web-based dissemination 

A webpage has been developed for dissemination purposes of flexibility concept and achievements 
within the scientific community. The URL which hosts the flexibility site is http://www.flexibility-
fp7.eu. The website is maintained and updated in regular intervals. In addition, a private area has also 
been developed using the Redmine platform for internal distribution of various documentations and 
presentations between partners. One of the first dissemination actions was to design an attractive 
logo that was used as means of corporate identity for enhanced recognition value of the project. 
Moreover, a two-page fact sheet and an overview presentation of the FLEXIBILITY concept/project 
have been created. 

TUC in close collaboration with the rest of the consortium produced a short video for explaining and 
demonstrating the objectives and expected results of the project for dissemination and teaching 
purposes. Two versions of the video (different qualities in respect to definition and audio encoding) 
are available at the following link http://www.flexibility-
fp7.eu/Default.aspx?id=1016&nt=19&lang=1. 

1.4.2 Scientific journals and conferences 

During the years of the FLEXIBILITY execution the academic partners active in publishing the 
FLEXIBILITY developments in peer-reviewed scientific journals and conferences. More than 50 
peer reviewed publications have been produced on the technologies developed within 
FLEXIBILITY. The key high-profile publications are: 

1. Giovanni A. Salvatore, Niko Münzenrieder, Thomas Kinkeldei, Luisa Petti, Christoph Zysset, 
Ivo Strebel, Lars Büthe & Gerhard Tröster "Wafer-scale design of lightweight and 
transparent electronics that wraps around hairs." Nature communications 5 (2014). 
http://www.nature.com/ncomms/2014/140107/ncomms3982/full/ncomms3982.html 

2. G. Grancini, M. Maiuri, D. Fazzi, A. Petrozza, H-J. Egelhaaf, D. Brida, G. Cerullo & G. 
Lanzani, “Hot exciton dissociation in polymer solar cells,” Nature Materials 12, 29–33 (2013) 
http://www.nature.com/nmat/journal/v12/n1/full/nmat3502.html 

3. Bottacchi, Francesca and Petti, Luisa and Späth, Florian and Namal, Imge and Tröster, 
Gerhard and Hertel, Tobias and Anthopoulos, Thomas D. “Polymer-sorted (6,5) single-
walled carbon nanotubes for solution-processed low-voltage flexible microelectronics,” in 
Applied Physics Letters, 106, 193302 (2015) DOI: http://dx.doi.org/10.1063/1.4921078 



 
Flexible Multifunctional Bendable Integrated Light-Weight Ultra-Thin Systems 

 

FLEXIBILITY FP7- ICT - 2011.3.6 www.flexibility-fp7.eu  
 

33

4. Petti, L.; Frutiger, A.; Munzenrieder, N.; Salvatore, G.A.; Buthe, L.; Vogt, C.; Cantarella, G.; 
Troster, G., "Flexible Quasi-Vertical In-Ga-Zn-O Thin-Film Transistor With 300-nm Channel 
Length," in Electron Device Letters, IEEE , vol.36, no.5, pp.475-477, May 2015 DOI: 
http://dx.doi.org/10.1109/LED.2015.2418295 

5. Münzenrieder, Niko and Salvatore, Giovanni A. and Petti, Luisa and Zysset, Christoph and 
Büthe, Lars and Vogt, Christian and Cantarella, Giuseppe and Tröster, Gerhard, “Contact 
resistance and overlapping capacitance in flexible sub-micron long oxide thin-film transistors 
for above 100 MHz operation,” Applied Physics Letters, 105, 263504 (2014) DOI: 
http://dx.doi.org/10.1063/1.4905015 

6. Munzenrieder, N.; Voser, P.; Petti, L.; Zysset, C.; Buthe, L.; Vogt, C.; Salvatore, G.A.; 
Troster, G., "Flexible Self-Aligned Double-Gate IGZO TFT," in Electron Device Letters, 
IEEE , vol.35, no.1, pp.69-71, Jan. 2014 URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6675012&isnumber=6690165 

7. Kheradmand-Boroujeni, B.; Schmidt, G.C.; Hoft, D.; Shabanpour, R.; Perumal, C.; Meister, 
T.; Ishida, K.; Carta, C.; Hubler, A.C.; Ellinger, F., "Analog Characteristics of Fully Printed 
Flexible Organic Transistors Fabricated With Low-Cost Mass-Printing Techniques," in 
Electron Devices, IEEE Transactions on , vol.61, no.5, pp.1423-1430, May 2014 URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6802824&isnumber=6802373 

8. G.C. Schmidt, D. Höft, M. Bhuie, K. Haase, M. Bellmann, F. Haidu, D. Lehmann, D. R. T. 
Zahn, A. C. Hübler, “Modified poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
source/drain electrodes for fully printed organic field-effect transistors consisting of a 
semiconductor blend,” in Appl. Phys. Lett. 103, 113302, 2013 DOI: 
http://dx.doi.org/10.1063/1.4819394 

9. Perumal, C.; Ishida, K.; Shabanpour, R.; Boroujeni, B.K.; Petti, L.; Munzenrieder, N.S.; 
Salvatore, G.A.; Carta, C.; Troster, G.; Ellinger, F., "A Compact a-IGZO TFT Model Based 
on MOSFET SPICE Level=3 Template for Analog/RF Circuit Designs," in Electron 
Device Letters, IEEE , vol.34, no.11, pp.1391-1393, Nov. 2013 URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6601021&isnumber=6642058 

10. Munzenrieder, N.; Petti, L.; Zysset, C.; Kinkeldei, T.; Salvatore, G.A.; Troster, G., "Flexible 
Self-Aligned Amorphous InGaZnO Thin-Film Transistors With Submicrometer Channel 
Length and a Transit Frequency of 135 MHz," in Electron Devices, IEEE Transactions on , 
vol.60, no.9, pp.2815-2820, Sept. 2013 URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6582669&isnumber=6582683 

11. Munzenrieder, N.; Zysset, C.; Kinkeldei, T.; Troster, G., "Design Rules for IGZO Logic 
Gates on Plastic Foil Enabling Operation at Bending Radii of 3.5 mm," in Electron Devices, 
IEEE Transactions on , vol.59, no.8, pp.2153-2159, Aug. 2012 DOI: 
http://dx.doi.org/10.1109/TED.2012.2198480 
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12. Ishida, K.; Shabanpour, R.; Meister, T.; Boroujeni, B.K.; Carta, C.; Petti, L.; Munzenrieder, 
N.; Salvatore, G.A.; Troster, G.; Ellinger, F., "15 dB conversion gain, 20 MHz carrier 
frequency AM receiver in flexible a-IGZO TFT technology with textile antennas," in VLSI 
Technology (VLSI Technology), 2015 Symposium on , vol., no., pp.C194-C195, 16-18 June 
2015 URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7223649&isnumber=7223619 

13. Ishida, K.; Shabanpour, R.; Boroujeni, B.K.; Meister, T.; Carta, C.; Ellinger, F.; Petti, L.; 
Munzenrieder, N.S.; Salvatore, G.A.; Troster, G., "22.5 dB open-loop gain, 31 kHz GBW 
pseudo-CMOS based operational amplifier with a-IGZO TFTs on a flexible film," in Solid-
State Circuits Conference (A-SSCC), 2014 IEEE Asian , vol., no., pp.313-316, 10-12 Nov. 
2014 URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7008923&isnumber=7008838 

14. Petti, L.; Bottacchi, F.; Munzenrieder, N.; Faber, H.; Cantarella, G.; Vogt, C.; Buthe, L.; 
Namal, I.; Spath, F.; Hertel, T.; Anthopoulos, T.D.; Troster, G., "Integration of solution-
processed (7,5) SWCNTs with sputtered and spray-coated metal oxides for flexible 
complementary inverters," in Electron Devices Meeting (IEDM), 2014 IEEE International , 
vol., no., pp.26.4.1-26.4.4, 15-17 Dec. 2014 DOI: 
http://dx.doi.org/10.1109/IEDM.2014.7047113 

15. Niko Münzenrieder, Christoph Zysset, Thomas Kinkeldei, Luisa Petti, Giovanni A. Salvatore 
and Gerhard Tröster, “Mechanically flexible double gate a-IGZO TFTs”, 38TH IEEE 
European Solid State Circuits Conference, (ESSDERC 2012) Bordeaux, 17-21 September, 
2012. http://www.esscirc.org/en/page/esd06.aspx 

1.4.3 Dissemination towards general public 

Within the scope of dissemination, press release actions in global or national scientific journals have 
been included. 

 Elektronik Praxis, illustrating flexibility concept and their involvement within project. 
http://www.flexibility-fp7.eu/Default.aspx?id=1008&nt=19&lang=1 

 Chemnitz bringt den Möhrchen das Reden bei (Chemnitzer Morgenpost) 
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 Gedruckte Elektronik von der Rolle (Sächsische Zeitung) 

 

 Sound From Paper Researchers Create Printed Loudspeakers (Forbes.com) 

 Watson http://www.watson.ch/!151175170 

 Smithsonian http://www.smithsonianmag.com/technology-space/this-clear-flexible-
electronic-circuit-can-fit-on-the-surface-of-a-contact-lens-180948080/?no-ist 

 BBC News http://www.bbc.com/news/technology-25421096 

 Phys. Org http://phys.org/news/2014-01-ultra-flexible-chip-hair.html 

 Wired.uk http://www.wired.co.uk/news/archive/2014-01/09/ultra-thin-flexible-circuits 

 The Register 
http://www.theregister.co.uk/2014/01/08/circuits_so_flexible_theyd_wrap_around_your_hair/ 

 Chemistry World http://www.rsc.org/chemistryworld/2014/01/flexible-electronics-get-more-
bendy-still 
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 Huffington Post http://www.huffingtonpost.com/richie-etwaru/an-invisible-computer-
res_1_b_4592547.html 

 Wall Street Journal 
http://online.wsj.com/news/articles/SB10001424052702303825604579515704230508572 

TV: 

 Wenn Lebensmittel zu sprechen beginnen, mdr, “hier ab vier” 

 Biegsame ultradünne Lautsprecher, sat1/N24 

 Klangwunder - Chemnitzer entwickeln auf Papier gedruckte Lautsprecher, mdr, 
Sachsenspiegel 

Radio: 

 “The future's loud'n'thin”, Deutsche Welle 

 World's first printed speaker hails new trend, Duetsche Welle 

YouTube: “Main concept of Flexibility Project” https://www.youtube.com/watch?v=IgYR8y9fk5A  

1.4.4 Training and teaching 

The consortium has organized a workshop in the area of OLAE and flexible electronics for efficient 
dissemination of results and knowledge exchange with external experts. The FLEXIBILITY 
dissemination workshop was held on July 2015 in Munich, Germany. 

In addition, the Knowledge gained within FLEXIBILITY has been disseminated for educational 
purposes through the opening of new Ph.D. and M.Sc. positions in the institutions of the academic 
partners, as well as in the industrial ones where that was possible. 

 TUC: The project FLEXIBILITY is background for different bachelor and master thesis, 
which were initiated in January 2012 

 SIE: Chadha Bali started her PhD thesis in December 2011; Marcos Hofstetter started his 
M.Sc. thesis in April 2012; Wissal Ghouil started her B.Sc. thesis in April 2012. 

 ETH: Development and optimization of thin film technology for flexible electronics. Luisa 
Petti started her Ph.D. thesis; Giovanni Salvatore started his research fellowship. Moreover, 
B.Sc and M.Sc. have been also proposed to students of the Electrical Engineering program. 
Sandro Gähler, Aljaz Dobnikar, Deniz Görk and Paulina Aguirre are working on their Thesis 
projects in the frame of FLEXIBILITY. 

 TUD: Reza Shabanpour is working as project engineer is a Ph.D. candidate. The topics of his 
PhD thesis lays in the area of analog circuit design and system applications in the frame of 
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project FLEXIBILITY. Several bachelor- and master-level students are being hired trained as 
student assistants (Studentische Hilfskraft, SHK) for work on engineering and research task, 
primarily within WP4 and WP5 activities. With focus on circuit design and characterization, 
many semester and master thesis topics have been routinely advertised and proposed to 
students of the last semesters of their electrical engineering program. 

1.4.5 Standardization and environmental studies 

During the project execution the consortium performed a monitoring of the standards landscape in 
relation with the developed technologies and product prototypes. The results of this analysis are 
presented in Figure 1. Moreover, the partners were keeping track of any environmental issues in 
relation with relevant standards, developed technologies and product prototypes. Issues related to 
environment, lifecycle and legal aspects were monitored in respect to relevant environmental 
directives and their applicability to FLEXIBILITY components. The results of this analysis are 
presented in Figure 2. 

 

Figure 1: Standardization study. 
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Figure 2: Environmental study. 

1.4.6 Exploitation and Market study 

The technical partners, as well as the academic ones, have studied the guidelines and directives 
derived from EC, relevant to the creation of a new patent as those addressed from the European 
Patent Convention (EPC - http://www.epo.org/law-practice/legal-texts/epc.html) and European 
Patent Office (EPO - www.epo.org). In addition, the partners studied the material from WIPO 
(http://www.wipo.int/uipc/en/), the IP Charta of the European Commission and follows the briefings 
of the IPR Helpdesk (www.iprhelpdesk.eu) in order to become aware of how to manage efficiently 
potential issues that may arise regarding IPRs. Furthermore, during the last period the consortium 
explored patentability options under the United Stated Patent and Trademark Office (USPTO – 
http://www.uspto.gov). The basis for the IP protection of the developed work is the Patent Strategy 
Report Document (delivered on M26). 

Until the writing of this report one patent has been granted and two filed: 

 Granted from IGE (Swiss Federal Institute of Intellectual Property): “Technique to fabricate 
ultra-flexible electronic transistors, circuits and passive components on a thin membrane”, 
Application n° CH 01158/13 (from ETH) 

 Filed at DPMA (German Patent and Trade Mark Office): “Elektronisches Bauelement mit 
einem Dielektrikum und Verfahren zur Herstellung des elektronischen Bauelementes” (from 
TUC) 

 A layered thin-film battery, a system comprising a layered thin-film battery connected to an 
electronic device, and methods for manufacturing such batteries and systems (from ENF) 

Furthremore, to ensure IPR issues with respect to the work already derived from FLEXIBILITY, all 
work published so far acknowledges FLEXIBILITY and EU contribution by adding the statement 
below. 
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The research leading to these results has received funding from the European Union’s Seventh 
Framework Programme (FP7/2007-2013) under grant agreement n° 287568.  

During the project execution the partners have carried out a market study. This market study gave 
valuable insights regarding the: 

1. An outline of the competition landscape. The global printed electronics market is a widely 
growing sector in recent years owing to the many benefits it offers such as long switching 
times, simple fabrication and low fabrication cost. It is expected that by 2017 around 90% of 
the electronics are going to be fully or partially printed, with shares of ~38% for 
logic/memory, ~29% for OLED displays and ~14 for PVs. The Asia Pacific market holds 
majority of the market share closely followed by North America. The market in Europe also 
holds immense growth opportunities owing to developments in Eastern Europe. IDTechEx 
found that the total market for printed, flexible and organic electronics will grow from $29.80 
billion in 2015 to $73.69 billion in 2025. The majority of that is OLEDs (organic but not 
printed) and conductive ink used for a wide range of applications. On the other hand, 
stretchable electronics, logic and memory, thin film sensors are much smaller segments but 
with huge growth potential as they emerge from R&D. 

2. Updated cost analysis for the various components and technologies developed within the 
project 

a. Single devices: Within FLEXIBILITY several single devices have been designed and 
manufactured, showcasing the technologies (temperature sensor, motion sensor, audio 
speaker, printed OLED, touch screen, printed batteries, rechargeable batteries and 
solar cell). 

b. Integration technologies: Within the project TFT, OFET row-two-row printing 
integration technologies have been used. 

c. Single technology modules have been developed or adapted (several integrated 
circuits, TFT driving circuitry for OLEDs and charging electronics). 

d. Customised packaging technology has been developed for FLEXIBILITY in order to 
allow for: i) heterogeneous integration of devices (components) onto either a common 
carrier foil (substrate) or no common carrier foil; ii) inkjet-printing of electrically 
conductive lines to interconnect the devices; iii) fixing and electrical interconnection 
via anisotropic conductive films (ACF); and iv) encapsulation by lamination of 
adhesive film/cover foil. 

e. Textile integration with respect to: knitting, cut and sewn, embroidery, ultrasonic 
welding, conductive Velcro, metal snap, conductive glue and crimping. 

f. Single- and multi-function devices have been designed and manufactured in order to 
serve as building blocks for the proof of concept demonstrators of FLEXIBILITY. 
These devices are: sound module (with and without signal generator); regenerative 
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DC power supply; temperature sensor with driving or interface electronics; motion 
sensor with driving or interface electronics; touch screen with visual feedback OLEDs 
and driving or interface electronics; textile-integrated audio system; wireless data 
streaming system; sensor security system: temp sensor; 

An exploitation plan for the joint activities (proof of concept) of FLEXIBILITY: 

1. Textile integrated audio system: This demonstrator is dedicated to fashion and entertainment. 
At present its strength is due to the absence of competitors, due mainly to technical reasons: 
the miniaturization, integration and performance optimization of the different product 
components require a deep knowledge in separated fields, so at present no companies has 
found a convenient solution to market it. 

 

Figure 3: Integrated audio system concept. 

2. Smart label for cytological samples system: The market has a need of a small disposable and 
most of all low cost but high quality devices to guarantee the proper pre-determined elements 
by World Health Organisation (temperature, time, etc.) that can certify the proper 
transportation of a vial containing cytological samples. 

3. Receiver label for actuator module: A module for general identification use that can be 
adapted in various and different applications that can cover a large range of market needs. 
The identification advantage on the Receiver Label for Actuator Module is that it gives the 
possibility to install many same functionality modules in one area and due to their unique ID 
they can be individually activated. This is one of the features that make this Receiver Label 
for Actuator Module different and competitive in the market. 

4. Soft book: This demonstrator is dedicated to entertainment and more specifically targeted to 
the market of toys for babies and toddlers. There are plenty of similar gadgets in the market 
that are made with textile printed material and that can provide some basic tactile stimulus or 
noise feedback to the user but none of them is integrating electronic components so far. Soft 
book developed under FLEXIBILITY can potentially provide interaction by means of 
flexible printed sensors and visual feedback trough LEDs or printed speakers in a way that it 
is currently not possible with conventional electronics. 
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Figure 4: Soft book prototype. 

The majority of these devices, components and technologies are research prototypes; however the 
consortium has already performed a cost analysis making the first steps towards commercial 
exploitation. Moreover, the industrial partners ENF, BEL and VARTA are already marketing 
components that use the technology developed and/or improved within FLEXIBILITY. SIE has 
extended its packaging capabilities and SMTX extended its knowledge regarding the textile 
integration of printed electronics. 

However, it is important to mention that a first commercial exploitation result was achieved by TUC 
within this last period. In April 2015 a first book with pages including printed loudspeakers were 
presented within the scope of the 58th World Press Photo Award ceremony (Figure 5). The amazing 
response and numerous requests show the innovative potential of the printed loudspeakers and the T-
book. 

 

Figure 5: T‐book for World Press Photos. 

Video: https://pmpublic.mb.tu-chemnitz.de/uploads/pressfiles/idx/1952.mp4 
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To conclude, the FLEXIBILITY consortium during the project execution was active in the 
dissemination of the project developments to the scientific and general public through prestigious 
scientific publications (journals and conferences) and extensive press coverage. The FLEXIBILITY 
exploitation covered various phases including IPR protection, market identification and their 
corresponding distribution channels for product’s marketing and promotion towards the first steps of 
commercialization of FLEXIBILITY outcomes, ranging from single components (more mature) to 
complex systems. 

1.5 Project website and contact details 

 

www.flexibility-fp7.eu 

Coordination contact at TU Dresden: 

Prof. Frank Ellinger 

Tel: +49 351 463 38734 

frank.ellinger@tu-dresden.de 

Dr. Corrado Carta 

Tel: +49 351 463 42511 

corrado.carta@tu-dresden.de 
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2 Use and dissemination of foreground 

2.1 Dissemination 

This section should describe the dissemination measures, including any scientific publications 
relating to foreground. Its content will be made available in the public domain thus 
demonstrating the added-value and positive impact of the project on the European Union 
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Section A (public) 
 

This section includes two tables: 
 
 Table A1:  List of all scientific (peer reviewed) publications relating to the foreground of the project.  
 
 Table A2: List of all dissemination activities. 

 
TABLE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES 

NO. Title Main author 
Title of the 

periodical or 
the series 

Number, date or 
frequency Publisher Place of 

publication 
Year of 

publication 
Relevant 

pages 

Permanent 
identifiers3  

(if available) 

Is/Will open 
access4 provided 

to this 
publication? 

1 Design rules for IGZO logic 
gates on plastic foil enabling 
operation at bending radii of 3.5 
mm 

Niko 
Muenzenriede
r, Christoph 
Zysset, 
Thomas 
Kinkeldei, 
Kunigunde 
Cherenack 
and Gerhard 
Troester 

IEEE 
Transactions 
on electronic 
devices 

Volume:59 ,  Issue: 
8 

IEEE  2012 pp. 2153 - 
2159 

http://dx.doi.org/1
0.1109/TED.2012.
2198480 

NO11 

                                                 
3 A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for publication (link to 
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International 
Midwest 
Symposium 
on Circuit 
and 
Systems 
2015 

 IEEE  2015   NO 
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46 Radio Frequency Electronics on 
Plastic - Revolution by Flexible 
Solution 

F. Ellinger, K. 
Ishida, R. 
Shabanpour, 
T. Meister, B. 
K. Boroujeni, 
C. Carta, L. 
Petti, N. 
Münzenrieder, 
G. A. 
Salvatore, 
and G. 
Tröster 

SBMO/IEEE 
MTT-S 
International 
Microwave 
and 
Optoelectro
nics 
Conference 
2015 

 IEEE  2015   NO 

 
 

TABLE A2: LIST OF DISSEMINATION ACTIVITIES 

N
O 

Type of 
activities5 

Main 
leade

r 
Title  Date/Perio

d  Place  
Type of 

audience
6 

 
 

Size of 
audienc

e 

Countries 
addresse

d 

1 Conference TUD SBMO/IEEE MTT-S International Microwave and Optoelectronics Conference 3-6 Nov. 
2015 

Brazil Scientific 
Community
, Industry 

 International 

2 Conference TUD IEEE 58th International Midwest Symposium on Circuit and Systems (MWSCAS) 2-5 Aug. 
2015 

USA Scientific 
Community

 International 

                                                 
5  A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media 
briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other. 

6 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other ('multiple choices' is 
possible). 



Flexible Multifunctional Bendable Integrated Light-Weight Ultra-Thin Systems 

 

FLEXIBILITY FP7- ICT - 2011.3.6 www.flexibility-fp7.eu  
 

62 

, Industry 
3 Conference  TUD 22nd European Conference on Circuit Theory and Design (ECCTD) 24-26 Aug 

2015 
Norway Scientific 

Community
, Industry 

 International 

4 Conference TUD IEEE International Symposium on Radio-Frequency Integration Technology 26-28 Aug 
2015 

Japan Scientific 
Community
, Industry 

 International 

5 Conference TUD Symposium on VLSI Circuits 17-19 Jun. 
2015 

Japan Scientific 
Community
, Industry 

 International 

6 Conference ETH Electron Devices Meeting (IEDM), 2014 IEEE International 15-17 Dec. 
2014 

USA Scientific 
Community
, Industry 

 International 

7 Conference TUD, 
ETH 

Intelligent Signal Processing and Communication Systems (ISPACS) 1-4 Dec. 
2014 

Malaysia Scientific 
Community
, Industry 

 International 

8 Conference TUD, 
ETH 

IEEE International Conference on Electronics, Circuits and Systems (ICECS) 7-10 Dec 
2014 

France Scientific 
Community
, Industry 

 International 

9 Conference TUD IEEE Asian Solid-State Circuits Conference 10-12 Nov. 
2014 

Taiwan Scientific 
Community
, Industry 

 International 

10 Conference TUC Printed Electronics Conference April 2015 Germany Scientific 
Community
, Industry 

 International 

11 Conference TUC 8th International Symposium on Flexible Organic Electronics (ISFOE15) Jul. 2015 Greece Scientific 
Community
, Industry 

 International 

12 Conference TUD 7th Plastic Electronics Conference Oct 2011 Germany Scientific 
Community
, Industry 

 International 

13 Workshop TUD NanoZEIT seminar at SEMICON 2011  12 Oct 2011 Germany Scientific 
Community
, Industry 

 International 

14 Conference TUD IEEE SEMICONDUCTOR CONFERENCE DRESDEN (SCD) 27-28 Sept 
2011 

Germany Scientific 
Community
, Industry 

 International 
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15 Poster SIE SMT Hybrid Packaging  Germany Scientific 
Community
, Industry 

 International 

16 Conference TUD 5th International Symposium for Flexible Organic Electronics 2012 (ISFOE12) Jul. 2012 Greece Scientific 
Community
, Industry 

 International 

17 Conference ETH 7th ETH-Material Research Center Graduate Symposium 7 Jun 2012 Switzerland Scientific 
Community
, Industry 

 International 

18 Conference TUC Large area Organic and Printed Electronics-Convention (LOPE-C 2012) 19-21 June. 
2012 

Germany Scientific 
Community
, Industry 

 International 

19 Conference ETH 38th IEEE European Solid State Circuits Conference, (ESSDERC 2012) 17-21 Sept 
2012 

France Scientific 
Community
, Industry 

 International 

20 Conference ETH The 9th International Thin-Film Transistor Conference 1-2 Mar. 2013 Japan Scientific 
Community
, Industry 

 International 

21 Conference ETH International Device Physics Young Scientists Symposium 2013 4 Mar. 2013 Japan Scientific 
Community
, Industry 

 International 

22 Conference VTT International Conference on Flexible and Printed Electronics 11-13 Sept. 
2013 

S. Korea Scientific 
Community
, Industry 

 International 

23 Conference VTT 6th International symposium on flexible organic electronics 9-12 Jul 2013 Greece Scientific 
Community
, Industry 

 International 

24 Conference VTT 3rd Chinese Printed Electronics – Symposium 13 Sept 2012 China Scientific 
Community
, Industry 

 International 

25 Poster VTT 6th International Exhibition and Conference for the Printed Electronics Industry (LOPE-C) 
2013 

26-28 May 
2013 

Germany Scientific 
Community
, Industry 

 International 

26 Conference TUD SBMO/IEEE International Microwave and Optoelectronics Conference 4-7 Aug. 
2013 

Brazil Scientific 
Community
, Industry 

 International 
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27 Conference TUD International Semiconductor Conference Dresden - Grenoble 26-27 Sept. 
2013 

Germany Scientific 
Community
, Industry 

 International 

28 Conference VTT MRS Fall Meeting 29 Nov. 2013 USA Scientific 
Community
, Industry 

 International 

29 Conference  10th International Thin-Film Transistor Conference Jan 2014 Netherland
s 

Scientific 
Community
, Industry 

 International 

30 Conference ETH 36th Annual International IEEE EMBS Conference 26-30 Aug 
2014 

 Scientific 
Community
, Industry 

 International 

31 Conference ETH 21st International Workshop on Active-Matrix Flatpanel Displays and Devices 2-4 Jul 2014  Scientific 
Community
, Industry 

 International 

32 Articles 
published in 
popular press 

TUC Elektronik Praxis, illustrating flexibility concept and their involvement within project. 
http://www.flexibility-fp7.eu/Default.aspx?id=1008&nt=19&lang=1 

  Civil 
Society, 
Media 

 Germany 

33 Articles 
published in 
popular press 

 Chemnitz bringt den Möhrchen das Reden bei (Chemnitzer Morgenpost)   Civil 
Society, 
Media 

 Germany 

34 Articles 
published in 
popular press 

 Gedruckte Elektronik von der Rolle (Sächsische Zeitung)   Civil 
Society, 
Media 

 Germany 

35 Articles 
published in 
popular press 

 Sound From Paper Researchers Create Printed Loudspeakers (Forbes.com)   Civil 
Society, 
Media 

 International 

36 Articles 
published in 
popular press 

 Watson http://www.watson.ch/!151175170   Civil 
Society, 
Media 

 International 

37 Articles 
published in 
popular press 

 Smithsonian http://www.smithsonianmag.com/technology-space/this-clear-flexible-
electronic-circuit-can-fit-on-the-surface-of-a-contact-lens-180948080/?no-ist 

  Civil 
Society, 
Media 

 International 

38 Articles 
published in 
popular press 

 BBC News http://www.bbc.com/news/technology-25421096   Civil 
Society, 
Media 

 International 
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39 Articles 
published in 
popular press 

 Phys. Org http://phys.org/news/2014-01-ultra-flexible-chip-hair.html   Civil 
Society, 
Media 

 International 

40 Articles 
published in 
popular press 

 Wired.uk http://www.wired.co.uk/news/archive/2014-01/09/ultra-thin-flexible-circuits   Civil 
Society, 
Media 

 International 

41 Articles 
published in 
popular press 

 The Register 
http://www.theregister.co.uk/2014/01/08/circuits_so_flexible_theyd_wrap_around_your_hai
r/ 

  Civil 
Society, 
Media 

 International 

42 Articles 
published in 
popular press 

 Chemistry World http://www.rsc.org/chemistryworld/2014/01/flexible-electronics-get-more-
bendy-still 

  Civil 
Society, 
Media 

 International 

43 Articles 
published in 
popular press 

 Huffington Post http://www.huffingtonpost.com/richie-etwaru/an-invisible-computer-
res_1_b_4592547.html 

  Civil 
Society, 
Media 

 International 

44 Articles 
published in 
popular press 

 Wall Street Journal 
http://online.wsj.com/news/articles/SB10001424052702303825604579515704230508572 

  Civil 
Society, 
Media 

 International 

45 TV clips  Wenn Lebensmittel zu sprechen beginnen, mdr, “hier ab vier”   Civil 
Society, 
Media 

 Germany 

46 TV clips  Biegsame ultradünne Lautsprecher, sat1/N24   Civil 
Society, 
Media 

 Germany 

47 TV clips  Klangwunder - Chemnitzer entwickeln auf Papier gedruckte Lautsprecher, mdr, 
Sachsenspiegel 

  Civil 
Society, 
Media 

 Germany 

48 Radio  “The future's loud'n'thin”, Deutsche Welle   Civil 
Society, 
Media 

 International 

49 Radio  World's first printed speaker hails new trend, Duetsche Welle 
 

  Civil 
Society, 
Media 

 International 

50 Online  YouTube: “Main concept of Flexibility Project” 
https://www.youtube.com/watch?v=IgYR8y9fk5A 

  Civil 
Society, 
Media 

 International 
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51 Online EXO http://www.flexibility-fp7.eu/   All  International 
52 Press release TUD http://tu-dresden.de/en/news/flexibility/newsarticle_view    Civil 

Society, 
Media 

 International 
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2.2 Exploitation 

This section should specifies the exploitable foreground and provides the plans for exploitation. 

Section B (Confidential7 or public: confidential information is marked clearly) 

Part B1  

The applications for patents, trademarks, registered designs, etc. is listed in the Table B1 provided hereafter. 

 

 

TABLE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP 
Rights8:   

Confidential  

Click on 
YES/NO 

Foreseen 
embargo 

date 

dd/mm/yyyy 
Application reference(s) 

(e.g. EP123456) Subject or title of application 
Applicant (s) (as on the application) 

 

Patent NO  PCT/EP2008/006818

Elektronisches 
bauelement, verfahren 
zu seiner herstellung 
und seine verwendung 

Karlsruhe Forschzent, Horst Hahn 

                                                 
7 Note to be confused with the "EU CONFIDENTIAL" classification for some security research projects. 

 

8 A drop down list allows choosing the type of IP rights: Patents, Trademarks, Registered designs, Utility models, Others. 
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Patent NO  CH 01158/13 

Technique to fabricate 
ultra-flexible electronic 
transistors, circuits and 
passive components on 
a thin membrane 

ETH 

Patent NO   

A layered thin-film 
battery, a system 
comprising a layered 
thin-film battery 
connected to an 
electronic device, and 
methods for 
manufacturing such 
batteries and systems 

Enfucell 
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Part B2 – Exploitable foreground 

 

Type of 
Exploitable 
Foreground9 

Description 

of 
exploitable 
foreground 

Confidential 
Click on 
YES/NO 

Foreseen 
embargo 

date 
dd/mm/yyyy 

Exploitable 
product(s) 
or 
measure(s) 

Sector(s) of 
application10 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & Other 
Beneficiary(s) involved 

Commercial 
exploitation of 
R&D results 

Fully printed 
solar 
module 

NO  First fully-
printed solar 
module 

1. Electric power 
generation 

Ongoing  BEL 

General 
advancement of 
knowledge 

Flexible 
power 
module 

NO  Lightest and 
most flexible 
power 
module 

1. Manufacture of 
batteries and 
accumulators 

Ongoing Parts of this 
technology 
have been 
patented 

BEL, VAR, SIE, ETH and 
TUD 

The OPV is owned by 
BEL, the battery module 
by VAR, the 
interconnection and 
packaging by SIE, circuit 
design by TUD and circuit 
manufacturing by ETH 

General 
advancement of 
knowledge 

Mass-
printed 
OFETs 

NO  Fastest fully 
mass-printed 
OFETs 

1. Circuit design 
and 
manufacturing 

2016-2017 Parts of this 
technology 
have been 
patented 

TUC, TUD 

Circuit design by TUD, 
manufacturing/printing by 
TUC 

General 
advancement of 
knowledge 

Bendable a-
IGZO TFT 
technology 

NO  Bendable a-
IGZO TFT 
technology 

1. Circuit 
manufacturing 

2016-2017 Parts of this 
technology 
have been 
patented 

ETH 

                                                 
19 A drop down list allows choosing the type of foreground: General advancement of knowledge, Commercial exploitation of R&D results, Exploitation of R&D results via standards, 
exploitation of results through EU policies, exploitation of results through (social) innovation. 
10 A drop down list allows choosing the type sector (NACE nomenclature) :  http://ec.europa.eu/competition/mergers/cases/index/nace_all.html 
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Type of 
Exploitable 
Foreground9 

Description 

of 
exploitable 
foreground 

Confidential 
Click on 
YES/NO 

Foreseen 
embargo 

date 
dd/mm/yyyy 

Exploitable 
product(s) 
or 
measure(s) 

Sector(s) of 
application10 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & Other 
Beneficiary(s) involved 

General 
advancement of 
knowledge 

Fully-printed 
audio 
module 

NO  First 
integrated 
and fully-
printed audio 
module 
(printed amp 
and speaker) 

1. Marketing 

2. Publications 

3. Advertising 

Ongoing  TUC, TUD, SIE 

TUD circuit desing of the 
amplifier, TUC 
manufacturing/printing of 
the circuit and speaker, 
SIE interconnection and 
packaging 

General 
advancement of 
knowledge 

Printed 
temperature 
sensor 

NO  First fully 
inkjet-printed 
temperature 
sensor in 
Wheatstone 
bridge 
configuration 

1. Sensor design 
and 
manufacturing 

2016-2017  SIE 

General 
advancement of 
knowledge 

Flexible AM 
and OOK 
radio 
receiver 

NO  Flexible AM 
and OOK 
radio 
receiver 

1. Circuit design 
and 
manufacturing 

2016 - 2017  TUD, ETH 

Circuit design by TUD, 
manufacturing by ETH 

Commercial 
exploitation of 
R&D results 

T-Book, a 
high quality 
photo-book 
with audio 
pages 

NO  Book with 
sound pages 

1. Marketing 

2. Publications 

3. Advertising 

Ongoing  TUC 
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The fully printed solar modules are the first and still unique printed OPVs in the market offered by 
BEL; it has two product lines: SOLARTE for architects and designers and PowerPlastic for large-
scale industrial applications. Such OPVs can find use by designers and architects since they are 
characterized by freedom of design, shape, and material. It is ideally suited for simple integration 
into applications and products. The range of application options could not be more diverse: The 
spectrum ranges from energy production for lighting objects, transparent and coloured accessories 
for sport, leisure, and fashion, through to attractive PV surfaces to match the design, or inlays for 
product integration into all kinds of mobile and stationary applications. Furthermore, the new range 
also includes products that focus on the architecture sector and offer unprecedented possibilities for 
energy harvesting in façade design and urban furnishings. More information regarding the 
application domains can be found in http://www.solarte.de/index.php/en/#applications. 

 

The flexible power module is combination of printed battery from VAR, an OPV from BEL and 
interconnection and packaging from SIE. The circuits have been designed by TUD and 
manufactured by ETH. A first commercialisation attempt is ongoing. In this exploitation activity, 
VAR will manufacture pastes for printed batteries, BEL will manufacture OPV modules and SIE 
will produce the interconnection with the electronic components. ELMERIC 
(http://www.elmeric.de/) will manufacture and sell the integrated modules in the market. They can 
be used as portable power sources for charging electronic devices, such as audio players, mobile 
phones, etc. 

 

Mass printed OFET circuits; a very large number of flexible integrated circuits have been 
successfully fabricated and characterized in course of the project (circuit design by TUD, 
manufacturing/printing by TUC): 

 The fully-printed audio amplifier is successfully designed, fabricated, encapsulated, 
packaged and tested based on the new 3L OFET technology of TUC. 

 Improved version of the printed signal generator was designed and fabricated. 

These circuits can be used as building blocks in order to design and build larger circuits with more 
complex logic. This technology has been used (as a proof of concept) together with the printed 
speakers in order to build the integrated audio module. 

 

Bendable a-IGZO TFT technology; the research work performed towards performance 
improvement did yield impressive results in the area of ultrathin and transparent electronics, which 
have already been protected with a patent. Flexibility in thin film devices can be achieved by direct 
fabrication on plastic foil, by peeling off a polymer layer spin coated on a rigid substrate or by 
spalling the thin top layer from a crystalline silicon wafer after device fabrication. Such a 
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technology can be used for the fabrication of sensors and electronics that can be transferred onto 
flexible and elastic foils, textiles, biological tissues and implantable devices, having as targets 
wearable and medical applications. Further research is needed in order to improve the yield of the 
fabrication process, the reliability and shelf life of the electronics. 

 

Fully-printed audio module; during the project execution many different types of printed 
piezoelectric loudspeakers have been developed for the demands of different application scenarios. 
Variations have been realized regarding the size of the speakers, the thickness of the piezoelectric 
layer and the conductivity of the electrodes. The technology and concept of the printed 
loudspeakers has been used in order to realise the T-Book. Additional research is going to be 
performed in order to improve the performance of the speakers as well as optimise the fabrication 
process. 

 

Printed temperature sensor; a fully inkjet-printed flexible temperature sensor in a Wheatstone bridge 
configuration has been developed within the project by SIE. This is the first fully printed 
temperature sensor reported. Additional research will be performed in order to improve the sensor 
performance and manufacturing process. The main targeted application domain is wearable devices 
(through textile integration). 

 

Flexible AM and OOK radio receiver have been designed in the project and their first 
demonstration has been performed. This receiver is designed for an AM/OOK radio module in the 
audio bag (textile integration, wearable applications). This activity was used in order to advance the 
state of art in fabricating more complex circuits (radio receiver and RF amplifier) using the TFT 
technology. Further research is needed in order to improve the yield of the fabrication process, the 
reliability and shelf life of the electronics. 

 

T-Book, a high quality photo-book with audio pages. In April 2015 a first book with pages 
including printed loudspeakers were presented within the scope of the 58th World Press Photo 
Award ceremony. The amazing response and numerous requests show the innovative potential of 
the printed loudspeakers and the T-book. The reception of the T-Book indicates that it can fit in the 
application domain of publishing, advertising and marketing. 
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