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1 GOAL OF DELIVERABLE 4.1.2 

 

Deliverable D4.1.2 aims at providing a first reliability assessment of key device components 

developed in PolyApply. D4.1.2 will, in conjunction with the assessment of shelf life and operational 

life reported in D3.1.5, allow a first assessment of the suitability of the materials and technology 

approaches under development within the consortium. As an assessment of ageing (shelf life) and 

operational lifetime for  organic FETs are described in D3.1.5, D4.1.2 focuses on reliability tests in 

harsh environments and non-ambient conditions, on the influence of materials interfaces and 

circuit layout, as well as on the reliability of simple circuit structures. 

 

2 SUMMARY  

In this deliverable we demonstrate the influence of storage in harsh environments on the 

performance characteristics of organic field effect transistors and the shelf life of simple polymer 

electronic circuits (ring oscillator).  

This assessment is based on devices and circuits fabricated by the roll-to-roll all-printed process 

developed at the Technical University of Chemnitz and the roll-to-roll hybrid process developed at 

Fraunhofer IZM München. Although the lack of data from other processes limits the significance of 

the conclusions drawn, we can pinpoint certain problematic areas which have to be addressed in 

further process development. 

The most critical environments identified are storage in relative humidity and storage at elevated 

temperatures. It is obvious from the data that even polytriarylamine-based transistors, stable in 

ambient fabrication and storage conditions, need to be encapsulated to be protected from humidity. 

As for the influence of elevated temperatures, an as yet unidentified degradation mechanism takes 

place, which needs to be further investigated and its influence minimised. For the moment, the 

transistors investigated need to be specified for a relatively low temperature range around 25oC to 

fulfil the requirements of 90 days of operation. 

Further work was performed to identify the response of roll-to-roll fabricated polymer FETs to 

thermal cycling, i.e. to thermomechanical stresses. The results encourage to include the 

thermomechanical properties of the polymer components into account during the design stage of 

the devices, an issue that so far has not been at the focus of development. The influence of purely 

mechanical stresses, such as bending, seems to be limited. 

Pentacene transistors were evaluated as to the effect of the quality of the interfaces of the metal 

electrodes. ITO adhesion layers instead of Cr for gold electrodes proved to reduce the hysteresis 

of the transistors’ transfer characteristic. 

Investigation into the shelf life of all-polymer ring oscillators have demonstrated encouraging 

results, showing that circuits seem to be reasonably stable as long as the underlying transistor 

devices show stable performance characteristics. This ties circuit reliability directly to device 

reliability with apparently only a negligible effect of interconnect reliability. 
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3 SUMMARY OF RELEVANT RESULTS FROM D3.1.5 

Deliverable 3.1.5 set out to collect data from all technology partners of PolyApply by means of a 

standardised reporting, testing and ageing protocol, to allow assessment and comparison of the 

different technology strands available within the consortium. This data is vital for the fulfilment of 

M4.1.2 “Suggestion of a first material choice for reliable device manufacturing”. Therefore, a brief 

summary of its result is included here. 

Seven partners responded (Plastic Logic, Merck (PTAA group), TU Chemnitz, Joanneum 

Research, Fraunhofer IAP, Fraunhofer IPMS, Fraunhofer IZM-M), representing technologies based 

on pentacene (Joanneum Research, Fraunhofer IPMS), polytriarylamines (Plastic Logic, Merck, 

TU Chemnitz, Fraunhofer IZM) and polyhexathiophenes (IAP). Although standard testing protocols 

had been agreed on, the reports are difficult to compare due to vast differences in the structure of 

the organic transistors and a lack of knowledge of the influence of structure on performance. Also, 

very few partners were able to report all the data requested. Nonetheless, the data sets for shelf 

life and operational life are sufficiently complete to identify trends. No attempt has been made to 

form an opinion on the thiophenes, as only one partner reported on them, and only data after three 

weeks of storage without the initial values to compare them to. 

Pentacene 

Pentacene FETs do not present a homogeneous picture. Without any obvious differences (except 

in gate dielectric (SiO2 vs. ormocer)),  they can either be completely instable in air (stable under 

N2) or reasonably stable over two months in air and under illumination. Only the partner with air-

stable transistors reported bias stress data, demonstrating a threshold voltage shift of +5V, an 

increase (!) in on current by a factor of two and an increase in off current by a factor of 6 after bias 

stress at 50 V for 16 h. 

Polytriarylamines 

Shelf life of PTAA-based transistors was reported by four partners, three of them using S1000 

semiconductor, one using S719; bias stress measurements were reported by three partners, 

including the one using S719. Some trends can be observed. Two partners used metal gate 

electrodes and reported relatively sudden deterioration of transistor performance after a certain 

storage time (between 76 and 200 days and between 31 and 60 days, respectively). The partners 

using printed gate electrodes reported more gradual decrease in performance with tendency to 

stabilize over long periods of time. Under bias stress, the transistors using S1000 semiconductor 

show a –10 V threshold voltage shift, a reduction in on current between 30 and 50% and a 

decrease in off current between 0 and 70%. In contrast, S719-based transistors show a +15V 

threshold voltage shift, decrease in on current by a factor 2.5 and increase in off current by a factor 

2. 

Overall, the data from D3.1.5 seem insufficient to make a comparison between different materials 

and allow the selection of the most promising material for future applications. The great variety in 

structural transistor designs with numerous unexplored interfaces between the individual 

components complicates a direct comparison further.   
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4 FABRICATION TECHNOLOGIES IN THIS REPORT 

  Fraunhofer IZM-M TU Chemnitz IMEC Fraunhofer 

IPMS 

Configuration  Top gate Top gate Bottom Gate,  

Bottom 

Source/Drain 

Bottom Gate, 

Bottom 

Source/Drain 

Substrate  Cu-metallized PET PET Glass Silicon 

Material Cu PEDOT/PSS Au (20 nm) ITO/Au Source/Drain 

Structure photolithography offset print photolithography photolithography 

Material S1000 (Merck) S719(Merck)/F8

T2 

Pentacene Pentacene Semiconductor 

Structure -- Gravure print photolithography 

(water-based 

resist) 

 

Material P121 (Merck) P105(Merck)/Cyt

op + Luxprint 

8153E (DuPont) 

SiO2 (100 nm) SiO2, Polyimide Gate dielectric 

Structure -- Gravure print photolithography -- 

Material PEDOT FlintInk TiW (20 nm) Al Gate electrode 

Structure Screen print Flexo print photolithography Photolithography 

Material Lackwerke Peters 

SD2450UV 

-- -- -- ILD 

Structure Screen print -- -- -- 

Encapsulation  -- -- SiOx/Al Glass 

 

 

5 TEST RESULTS 

 

5.1 STORAGE AT ELEVATED 

TEMPERATURE 

 

To assess the range of 

temperature environments 

suitable for applications of 

polymer electronics, storage 

experiments at elevated 

temperatures were conducted. 

Fig. 1 details the behaviour of the 0 50 100 150 200 250

-7.0x10
-6

-6.0x10
-6

-5.0x10
-6

-4.0x10
-6

-3.0x10
-6

-2.0x10
-6

-1.0x10
-6

0.0

100
o
C

60
o
C

85
o
C

25
o
C

I s
d
 (

U
g
=

-5
0

V
) 

(A
)

storage time (days)

Fig. 1. Comparison of the development of on 
current for polymer transistors stored at 
temperatures of 25

o
C, 60

o
C, 85

o
C and 100

o
C. 



PolyApply  D4.1.2 

 6 

on current of polymer transistors (each point constitutes the average over a set of 22 transistors) 
under these conditions. A universal behaviour is observed, consisting first of a drop in on current 
by an order of magnitude followed by an increase back to and beyond the initial level. The higher 
the temperature, the faster these processes occur. It must be noted that after reaching its 
minimum, the increase in on current is accompanied by a rapid increase in off current, which puts 
application of these transistors into doubt after storage at elevated temperatures for longer times. 
Unfortunately this set of data, acquired at Fraunhofer IZM, is the only one available so far. As the 
exact mechanism causing this effect is still unknown, comparison to different polymer FET 
structures would prove advantageous to see whether the effect is intrinsic to the semiconductor-
gate dielectric stack or is caused by the addition of the inter layer dielectric. Overall, however, it is 
an indication that polymer electronic devices should be provided with life specifications as a 
function of temperature. 
 
 

5.2 THERMAL CYCLING 

Thermal cycling subjects the flexible electronic devices to thermomechanical stresses, i.e. 
mechanical stresses that are caused by differences in thermal expansion coefficients of the 
materials involved. Tests were conducted on polytriarylamine-based polymer FETs at Fraunhofer 
IZM. Thermal cycling was conducted between –20oC and 85oC with air-to-air ramp rate. 
Intermediate tests of transfer and output characteristics were run every few cycles. The polymer 
FET performance is summarized in the form of FET mobility in figure W. The means of sets of 32 
transistors are represented by the solid lines in the figures. The dotted lines give an appreciation of 
the spread in the data, representing the bounds between which 70% of the individual transistors 
are located. Figure 2 demonstrates a close to exponential decrease in FET mobility with the 
number of thermal cycles. The sharp drops in the lower bound at 60 and 90 cycles indicate the 
breaking of contacts within several individual transistors. Figure 3 shows a set of transistors after 

Fig. 3 . Photograph of a set of 32 transistors after 
thermal cycling. Cracking and lift-off of the 
polymer stack on top of the substrate degrade 
transistor performance. 
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Fig. 2 . FET mobility degradation as a function of 
thermal cycles (-20oC, 85oC). The solid lines represent 
the mean of a set of 32 transistors each, the dotted 
linesupper and lower bounds between which 70% of 
the individual transitor data is situated. 


