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Summary 

This report is a deliverable of the Encapsulation Task in the Work Package 5 of the OPERA project. 

Common encapsulation challenges appear to run across organic electronic device types, from OLEDs to 

OFETs to OPVs. In order to provide a framework for further action within the OPERA project and 

beyond, a survey of the status of the community was carried out. The participants to this survey cover 

the whole ecosystem ranging from exploratory R&D to application and profit driven activities. 

Measuring encapsulation remains a challenge for OLEDs and OPVs and it is worthwhile to standardize 

methods and conditions to qualify encapsulation. The survey had no significant response from the OFET 

field, this point should be addressed in other projects if needed. 

There seems to be a need for better communicating across the community which tests are performed 

and how. There is a clear need for better standardization of the methods currently employed and the 

definition of new standard procedures, test methods and materials. 

Given the limited time frame and scope of the OPERA project, it is recommended that OPERA is used as 

a framework to start a standard preparation process and to identify, when possible, suitable Standards 

Development Organizations for further standards definition. The OE-A is suitable organization to host 

workshops on the topic of encapsulation methods, and a working group on encapsulation was started 

within the OE-A. 
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1. Introduction 

This report is a deliverable of the Encapsulation Task in the Work Package 5 of the OPERA project. 

Encapsulation is a common theme for organic electronics having an impact on product reliability, device 

development, materials and process research, as well as academic endeavors. Common encapsulation 

challenges appear to run across organic electronic device types, from OLEDs to OFETs to OPVs. Even 

as products are being introduced in the marketplace after over a decade of R&D efforts, some basic 

points such as the requirements and methods to qualify encapsulation for organic electronic systems are 

not fully clear  For these reasons an encapsulation task was added to the OPERA Work Package (WP5) 

on standardization at a relatively late stage of the project.  

In order to provide a framework for further action within the OPERA project and beyond, a survey of the 

status of the community seemed a necessary step to start a dialogue.  

 

Figure 1 Indicative water and oxygen transmission rate requirements of packaging materials for different 

organic electronic devices. There is no clear consensus on the data at this stage. 

2. Survey overview 

2.1. Approach 

The approach of the survey was to involve key players in field as much as possible. In general, I tried to 

poll different types of players in the community to explicitly get feedback from different angles. Given that 

the survey did not take place in vacuum, one of the ideas was to build a network of networks and to 

connect existing activities to access experts from different institutions and to involve meta-groups to 

cover a very large number of partners. More explicitly, there are several large EU-funded projects that 

have tasks and efforts devoted to standardization such as OLED100 and FAST2LIGHT which were 
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asked to provide input to the survey. Along the same lines, several FlexTech alliance (former USDC) 

members were engaged in similar efforts in the past, and experts participating in this survey could 

contribute with that experience as well. 

The participants to this survey cover the whole ecosystem ranging from exploratory R&D to application 

and profit driven activities as shown in Figure 2. 

 
Figure 2 Overview of the affiliations of the survey participants, as a function of their type (from academic- 

to commercial) and their approximate position in a value chain (from R&D to end user application). 

2.2. Limitations 

First of all, it is clear that a survey of this field can hardly be exhaustive and this is certainly the case for 

this report. Concerning the parties involved, the contribution from academic institutions is very limited 

with a clear bias towards end-products and applications as well as private or public-private companies.  

In spite of several reminders, it was not possible to obtain any significant input regarding OFET 

technologies and related fields of applications. 

The number of the experts participating is definitely significant (at least 20, excluding the aggregated 

information from their colleagues); however it is still limited to a relatively small number. When indicated 

in the text or tables, percentages should not be interpreted has having statistical value, but rather as 

providing a rough estimate of the community opinion.  

Finally, while I did my best to cross check the meaning of the replies to the survey, as well as the 

syntheses and main conclusions, misunderstandings are always possible  

In spite of these limitations, I hope this report will enable a step forward for the organic electronic 

community. 
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2.3. Polling 

The questions asked in the survey are listed in Table 1 
The survey questions aimed at verifying the relevance of the activity in the first place (e.g. question 2,6), 

identify some qualitative priorities, check basic assumptions concerning the usefulness of currently 

communicated data (e.g. questions 4,7) and give some pragmatic means to start action by clarifying 

technical points (e.g. questions 3, 5). 

Additionally, the participants were asked if they were interested in continuing the discussion in a 

workshop format. The vast majority of the respondents was in favor. 

 

  OPERA ς Encapsulation task  

  Orientation questions 

1 
What do you see as the main challenges for qualifying encapsulation in 
your Organic Electronics applications / devices /materials of interest?  

2 
What is your view on the current needs to standardize methods to qualify 
encapsulation in Organic Electronics (OLED, OFET; OPV)? 

3 
Which test methods for characterizing encapsulation do you consider most 
relevant for your Organic Electronic applications/devices/materials? 

4 
What is your opinion of the reliability of available data concerning 
encapsulation methods and testing in Organic Electronics?  

5 
Which stress/environmental (e.g. temperature, RH, mechanical…) testing 
conditions do you prefer, consider most relevant? 

6 
What are in your opinion the main obstacles to a more effective progress in 
the field of Organic Electronics encapsulation? 

7 
Which organizations would you expect to provide guidance and 
standardization in the Organic Electronics field? 

Table 1 Opera- encapsulation survey orientation questions. 

Input for this survey was provided in various forms, mostly in written replies but also in telephonic or 

personal interviews. Inputs for this survey were received from November 2009 to the end of April 2010 

Overall, over fifty experts were contacted and 20 responses were obtained. Note that, in some cases, 

different experts with the same affiliation contributed the survey. In those cases I merged their input 

which counted as one survey. 
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The experts that contributed to the survey and their affiliations are listed in Table 2, and they agreed to 

be mentioned in the report. The quotes are given anonymously, as the experts did not explicitly agree to 

be quoted. 

Affiliation Name 

3M F. McCormick  

DuPont Teijin B. MacDonald 

ECN  S. Veenstra 

EPFL  Y. Leterrier 

EU  - OLED 100  S. Grabowski 

EU - Fast2Light M. Kilitziraki 

FhG IVV M. Schmidt 

FhG IZM  O. Kahle 

GE M. Yan 

Holst Center   T. van Mol; G. Gelinck  

IMRE   S. Ramadas 

Konarka   J. Hauch 

CEA LETI  E.  Viasnoff 

NREL  M. Reese 

OSRAM  K. Diekmann 

PETEC / CPI  S. Spruce; M. Clausen 

PHILIPS Research  P. van de Weijer 

SAES Getters   R. Giannantonio 

Table 2 Experts consulted and their affiliations, listed in alphabetical order of affiliation. 

3. Survey results 

This chapter reviews in a synthetic form the replies to each individual question. The key points are 

summarized in each section, and were presented during the OPERA encapsulation workshop, in 

conjunction with the OE-A working group meeting in Eindhoven, NL, on February 24 2010. 

3.1. What are the main challenges for qualifying encapsulation in your Organic 

Electronics applications / devices /materials of interest? 

3.1.1 Key messages: 

¶ Develop trusted, quantitative, sensitive, fast, reliable, high throughput permeation measurement 

technologies (H2O, O2). The “calcium test” is perceived by many respondents as qualitative, not 

quantitative enough. 

¶ Clarify testing methods: define Standard Operating Procedures (e.g. such as found in ASTM 
1
test 

protocols) for permeation and mechanical testing, especially for flexible products. Provide 

reference test materials. 

                                                      

1
 See http://www.astm.org/ 

http://www.astm.org/
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¶ Define the needs, end user conditions: “The determination of the barrier property requirement of 

the devices is critical” 

¶ (Better) define target specifications (where are the materials specs for OLED, OPVs coming 

from?)  

¶ Improve basic understanding of the degradation mechanisms. Develop and validate accelerated 

ageing methodologies 

3.1.2 Expert quotes: 

¶ “Rapid and inexpensive WVTR and OTR measurements into the 10(-4) to 10(-7) range are major 

challenges.  Defect detection in rolls of barrier prior to product release is also an important goal.  

All of this will be needed for optimal commercial manufacture of transparent barrier films” 

¶ “Lack of Standard Operation Procedures (something like ASTM test protocol) for ultra-high water 

vapor permeation rate (WVTR) measurement […]” 

¶ “High Barrier, low defect density, low cost process, good particle incorporation. Fast testing 

periods, reproducible results, no influence of test vehicle performance to barrier results, high 

capacity testing, standardized testing methods” 

¶ “[…]it is also necessary to properly define (device-dependent) characterization procedures of 

encapsulated OE devices[…]”. “Correlation models […] establishing the relationships existing 

among key properties of encapsulated OE devices and encapsulating materials should then be 

developed so that, characterization procedures for encapsulating materials can be defined and 

used. “ 

¶ “[…] Develop and validate accelerated ageing methodologies[…]” 

¶ “The lack of standard test regimes (testing conditions, e.g. 10-4 barrier, but Mocon is only really 

accredited) and methodologies is severely restricting progress in barrier development.” 

3.1.3 Synthesis of results and notes 

  Challenges for qualifying encapsulation # responses % 

1 

Better permeation methods (more 
sensitive and accurate, faster, cost 
effective, non destructive, suitable for 
quality control) 9 50% 

2 
Standard testing procedures, reference 
materials  8 44% 

3 
Models for lifetime prediction, 
degradation processes 6 33% 

4 
Better barrier technologies (processes, 
materials, cost effective) 5 28% 

5 
Device-relevant specification for testing 
materials and processes 5 28% 

Table 3  The main challenges for qualifying encapsulation as reported by the survey participants. 
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Encapsulation characterization methods and the development of better encapsulation materials and 

processes are correlated. These are still an important topic for the community polled. The fundamentals 

mechanisms of degradation, life-time prediction tools related to products and, finally, the intermediate 

specifications for materials and encapsulation are still not sufficiently shared or understood in the 

community. Going to back to Figure 1, there is no indication of the targets to be achieved in terms of 

permeation rates, nor if these are the correct metrics for some applications. The bridge between final 

product functional specification and intermediate materials specifications seems to be missing. The 

OPERA project can be a platform to address mostly point number 2.  

3.2. What is your view on the current needs to standardize methods to qualify 

encapsulation in Organic Electronics (OLED, OFET; OPV)? 

3.2.1 Key messages:  

There is a need to standardize: 

¶ High and Low Temperature and Humidity testing conditions 

¶ More than one condition is needed to enable acquisition of accelerated testing know-how. Such 

testing conditions should be supported by scientific approaches, for instance by applying 

Arrhenius laws. 

¶ Permeation testing beyond MOCON limits: a standard, quantitative Calcium test ? 

¶ Mechanical testing 

3.2.2 Expert quotes: 

¶ "This is important so that we have a common language when samples are discussed." 

¶ "Merely good permeation numbers are not sufficient." 

¶ "High need to compare different state of the art and perspective technology approaches" 

¶ "Compare different technologies done by different laboratories, industrial partners… and 

published in patents, scientific publications…" 

¶ "First we need to be able to qualify WVTR for encapsulation independent of application" 

¶ “Standard, device-dependent qualification procedures must be defined." 

3.2.3 Synthesis of results and notes 

The survey indicates that there is a clear need to develop new methods in such a way they are accepted 

by the community, clarify and standardize methods, define and verify correlation between testing 

methods and device performance. When available, current specifications for materials performance (e.g. 

permeation rates for barriers in OLED applications) are also questioned. 
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Current needs to standardize methods to 
qualify encapsulation # responses % 

1 

New standards needed (permeation 
methods and procedures, mechanical 
testing)  16 89% 

2 
Define correlations between tests and 
device performance 4 22% 

3 
Need device dependent qualification 
procedures 5 28% 

4 

Clear device specification, materials 
specifications, accelerated testing 
specifications 4 22% 

5 Compare results from different labs 4 22% 

Table 4 Current needs to standardize methods to qualify encapsulation as reported in the survey. 

3.3. Which test methods for characterizing encapsulation do you consider most 

relevant for your Organic Electronic applications/devices/materials? 

3.3.1 Key messages 

¶ A Combination of tests is required, the device is the ultimate test (e.g. OLED : IVL, pinhole growth) 

¶ Testing only devices is not an option for the whole community  

¶ Permeation testing:   

o MOCON tests are not sufficient, but provide a basis for the industry (e.g. for quality control). 

Note: even the conditions for those tests are not always specified 

o The”calcium test” is widely used: 

» Optical (transmission ): qualitative , semi-quantitative  

» Electrical, semi-quantitative 

» Issues: calibration, reproducibility, possibly with method or materials  

o Others: Tritium, mass spectrometry  

¶ mechanical testing: 

o Static load, dynamic load / cycling   then permeation testing or device testing 

o Adhesion (e.g. using ASTM standard procedures), nano-indentation 

o Currently, there are no standards available for flexible organic and printed electronics 

3.3.2 Expert quotes 

¶ “Testing should be done with the relevant device” 
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¶  “Ca test linked to Mocon but with reservations ( Ca test only OK for qualitative information)” 

¶ “We find the Ca test to be the most informative […]. The Ca test is too complex at this time to be 

used as a QC product release test in a manufacturing facility […].” 

¶  “Ca-test is OK for pre-screening […]if Ca test is promising, one MUST make devices on reliable 

substrates (e.g. to reduce presence of pinholes” 

¶ “At least one Calcium test and one non-Ca test […] for barrier testing, one test method for 

climate stability and one test method for mechanical stability - all according to end application if 

necessary (e.g. OPV / OLED displays / lighting)” 

¶ “Tests which resemble conditions used for the relevant IEC tests (IEC 61215 & IEC 61646) and 

measure the change of the properties (permeation rates, optical, electrical and mechanical 

properties) of the encapsulation per test and test sequence” 

3.3.3 Synthesis of results and notes 

The majority of respondents indicates that actual devices are the most relevant and sensitive testing 

methods. The summary of the device tested and indicative methods are listed in Table 5. 

Note that some surveys mention "device testing" with no additional information. For OPV and OLEDs the 

tests are done in combination with various stress conditions (not always disclosed) and ageing protocols.  

The entry ”all devices” in Table 5 refers to the number of replies in the survey reporting “device testing” 

of some sorts (in some cases not specified further); some survey replies mentioned different types of 

devices.  

Device  - Type  Method # responses % 

All devices*   10 56% 

OLED 

 
6 33% 

IVL 6 33% 

dark spot 5 28% 

EL area erosion 2 11% 

OPV 
 

2 11% 

  Efficiency 2 11% 

OTFT   0 0% 

Table 5 Summary of device test methods mentioned in the survey.  

 

As far as permeation testing is concerned, the so called “calcium test” is reported as being widely used. 

However the term “calcium test” seems to cover several types of testing methods and conditions that are 

far from being standardized so that comparisons between labs are not easy or possible. Moreover, 

opinions differ about the quantitative or qualitative nature of the methods and, again, it is clear from the 

survey participants that the most sensitive tests are done by devices in some case (OLEDs). 
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Permeation Method # responses % 

All methods   16 89% 

"Calcium test" 

 
15 83% 

 optical density 4 22% 
 Electrical 2 11% 
  Pinhole 2 11% 

MOCON 
 

2 11% 

 
Permatran 700 1 6% 

  Aquatran1 1 6% 

Mass spectrometry   2 11% 

HTO ("tritium test")   1 6% 

Gravimetry   1 6% 

Other - proprietary & non disclosed 1 6% 

Table 6 Summary of the permeation test methods mentioned in the survey. 

 

Mechanical test Method # responses % 

All methods   3 17% 

Static 

 
3 17% 

 Tensile 1 6% 
 Bending rods, 

fixed diameter 2 11% 
      0% 

Dynamic 
 

2 11% 

 
“Flextest” * 1 6% 

  Tensile 1 6% 

Adhesion ASTM standard 1 6% 

Table 7  Summary of permeation test methods mentioned in the survey. *proprietary test. 

There was very little input at this stage on mechanical testing. This point will likely require more attention 

in the future. 

3.4. What is your opinion of the reliability of available data concerning 

encapsulation methods and testing in Organic Electronics?  

3.4.1 Key messages 

 ̧ At this stage it is difficult to compare or correlate results obtained in different groups, even if they 

use the same nominal methods 

 ̧ Peer reviewed results are not sufficient. 

 ̧ Only results obtained “in house” are really trusted or are used 
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3.4.2 Expert quotes 

¶ “The available data seems reasonable when considered individually.  If there is any problem, it is 

probably with non-refereed talks or papers (and press releases) that make claims to excellent 

barrier properties without verifiable data to back up the claims” 

¶ “Not very high at this stage.” 

¶ „ Data are not reliable because they represent typical best values on small area. “  

¶ „Without a well-defined measurement reference frame it is very hard to assess reliability” 

¶ „[…]there is a lack in standardization of the Ca-test itself”  

¶ „ Round robin test is good way to improve trust.”  

3.4.3 Synthesis of results and notes 

Reliability of public data concerning 
encapsulation methods  reliable non reliable 

Between different  R&D group, for a 
given method, or for different 
methods 

 
11 

Within one given R&D group, for a 
given method 5 4 

Non peer-reviewed  - 3 

Peer-reviewed 2 - 

Table 8 Reliability of available, public data concerning encapsulation methods and testing in organic 

electronics, as understood from the survey responses. Please note the following criteria for 

analysis:  « non reliable » = corresponding experiments would be duplicated by interested 

party ;  « reliable » = data would be used as information to further R&D developments by 

interested party. 

Currently, it is clear that it is extremely difficult to compare results between labs, either obtained on the 

same materials or using similar methods.  Several of stress/environmental (temperature, RH, 

mechanical…) testing conditions are applied in different labs and are device as well as application-

dependent. In some cases, the claims made by some groups are not verifiable or excellent barrier 

properties are reported on exceedingly small and therefore non-relevant surface areas. 

Even for current materials and characterization methods, there is a need to find a common language or 

at least some translation tools to compare results from one method to another and from one group to 

another. In many cases, more fundamental work to elucidate degradation pathways related to 

encapsulation needs to be done.  
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3.5.  Which stress/environmental (e.g. temperature, RH, mechanical…) testing 

conditions do you prefer, consider most relevant? 

3.5.1 Key messages 

¶ Many different conditions applied, depending on application or other requirements  

¶ Several groups use 60°C/90%RH and/or  85°C/85%RH 

¶ Standards mentioned in the survey IEC 61646 (OPV), IEC 60598  EN 60529 (lighting) 

¶ Ambient conditions are not specified (e.g. 25°C/40%RH; 22°C/50%RH; 25°C/55%RH) 

¶ Several conditions are needed to create T/RH accelerated testing knowledge (e.g. to check if the 

processes investigated obey to Arrhenius law and an corresponding activation energy can be 

measured) 

¶ Qualitative indication of some mechanical testing - needs further effort to clarify  

3.5.2 Synthesis of results and notes 

T RH # responses 

85 85 6 

85 65 1 

65 93 1 

60 95 1 

60 90 8 

60 90 1 

60 85 2 

40 93 1 

39 90 1 

40 85 2 

60 30 1 

38 90 1 

40 60 1 

23 100 1 

23 85 1 

40 30 1 

25 55 1 

23 50 1 

22 50 1 

25 40 1 

Table 9 Environmental testing conditions as reported in the survey . Note the last four conditions refer to 

ñambient conditionsò.  
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The different testing conditions in terms of temperature and relative humidity are shown in Table 9, along 

with the number of times each condition was cited. A graphic representation of the same data is given in 

Figure 3. The same data is analyzed in terms of water mole fraction at atmospheric pressure and plotted 

in Figure 4, showing a clustering in four domains. This representation highlights the testing conditions in 

terms of probability of presence of water molecules in a unit volume (molar water fraction) and thermal 

energy available (temperature). The first point can be related to the probability of degradation related to 

water (e.g. hydrolysis), whereas the second one is indicative of the amount of thermal energy present, 

which is relevant for activated processes. Perhaps this way of presenting the testing conditions could 

provide a basis for further discussions. 

Several of stress/environmental (temperature, RH, mechanical…) testing conditions are applied in 

different labs and are device and application dependent. The different conditions arise from the need to 

comply with existing standard, to perceived marker needs, to technical limitations, to systematically 

motivated studies e.g.to establishing accelerated testing relationships. 

 

Figure 3 Environmental testing conditions, circle size is proportional to the number if times that particular 

condition was cited in the survey. 

 



  Encapsulation survey report 14 / 18 
  Chapter – Survey results 

 

  GNo 2010-05-10 

 

Figure 4 . Environmental testing conditions, as reported in the survey. The data in Table 9 is represented 

converting relative humidly at a given temperature to the corresponding water mole fraction 

at atmospheric pressure. The circle size is proportional to the number if times that particular 

condition was cited in the survey. 

3.6. What are in your opinion the main obstacles to a more effective progress in 

the field of Organic Electronics encapsulation ? 

3.6.1 Key messages 

The main obstacles: 

 ̧ Lack of low-cost & scalable deposition routes to fabricate barriers“ (performance may be there, 

not the cost) 

 ̧ lack of standards: 

 ̧ lack of basic understanding and communication:  

3.6.2 Expert quotes 

¶ “[…] the lack of a commercially available cost effective high barrier material” 

¶ “[…] A lot of technologies in the area, but what are missing are upscalable encapsulation 

technologies […]” 

¶ “[…] missing clear understanding of the degradation physics […]” 

¶ “The lack of (agreed, recognized) standards below 5e-4 are severely hampering the 

commercialisation of this industry[…]Lack of any internationally standardized test films that can 
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be run as an internal control Lack of standardized test regimes to allow comparison of films in 

differing applications” 

3.6.3 Synthesis of results and notes 

  Obstacles for more effective progress # responses % 

1 
High quality, upscalable or mass 
produced, cost effective barrier materials 7 39% 

2 
Lack of basic understanding (degradation 
mechanisms, long term reliability)  5 28% 

3 
Lack of standardization (measurement 
methods, procedures) 4 22% 

4 

Clear device specification, materials 
specifications, accelerated testing 
specifications 4 22% 

Table 10 The main obstacles to a more effective progress in the field of Organic Electronics 

encapsulation, as understood from the survey. 

3.7. Which organizations would you expect to provide guidance and 

standardization in the Organic Electronics field ? 

3.7.1 Key messages 

¶ No strong preference emerges from the survey 

¶ A body involving several stakeholders (industrial end-users, materials & process technology 

companies, as well as governmental labs) could have the necessary credibility and acceptance to 

host further discussions 

3.7.2 Expert quotes 

¶ “There seems to be “lot of competence within EU but no framework for grouping”.  

¶ “We expect that a suitable guidance can be given by organizations involving both OE device 

manufacturers, OE production tools manufacturers and OE materials manufacturers.” 

¶ “[…] some industries have internal standards, and do not rely on public ones.” 

3.7.3 Synthesis of results and notes 

It is important that guidance be given by organic electronics (OE) device manufacturers, OE production 

tools manufacturers and OE materials manufacturers or “Consortia” of research labs from Academic, 

Governmental labs and – of critical importance- Industrial Research Labs . This is to insure that the 

different actors can effectively interact in order to correlate materials to their processing to the 

exploitation of their properties into different classes of organic electronics device. 
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Type Mentioned by  survey 
participants 

Standardization bodies and 
industry associations 

ASTM, TUV, IEEE, IEC, ISO, OE-A 

National laboratories NIST, NREL, The National Physics 
Laboratory (UK), 

Public-private institutes and 
companies 

ECN, Fraunhofer, CSEM, EMPA, 
Holst, CPI, VTT, CEA 

Private companies, industrial 
consortia 

LG, Philips, OSRAM, GE, 3M, 
DuPont Teijin, . FlexTech (USDC), 

Publicly funded consortia and 
projects 

EU-OPERA, EU-Fast2Light, EU-
OLED100 

Universities, university consortia Flex Display Center at Arizona 
State University, CAMM 
Binghamton 

Table 11 organizations that could provide guidance and standardization according to the survey 

Especially industrial research labs are perceived as critical as they have the capability to make devices 

relevant for applications.   

It is proposed to: 

¶ Make full use of OPERA project until end 2010 for encapsulation standardization,  

¶ Define a “Working group encapsulation” in the OE-A, an organization including the key 

stakeholders indicted by survey participants. This working group could provide continuity and a 

discussion platform after the end of the OPERA project 

¶ Establish actual standard procedures and standards by or within accredited Standards 

Development Organizations (e.g. WSC, ISO, IEC, IEEE, SEMICON, ASTM…). The latter can be 

determined case by case by the OE-A working group encapsulation 

4. Conclusions and recommendations 

Measuring encapsulation remains a challenge for OLEDs and OPVs and it is worthwhile to standardize 

methods and conditions to qualify encapsulation. The survey had no significant response from the OFET 

field, this point should be addressed in other projects if needed. 

The methods for encapsulation characterization range from (completely) device dependent to device 

independent tests and there appear to be no completely satisfactory option at the moment shared by the 

polled community.  

There seems to be a need for better communicating across the community which tests are performed 

and how: there is a clear need for better standardization of the methods currently employed and the 

definition of new standard procedures, test methods and materials. 
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In the end the clear consensus is the device functionality is the ultimate test. However not all the labs 

have the possibility to make and test devices and even the most advanced industrial labs do not 

necessarily have all the techniques at their disposal.  

Starting from the device side, it is a challenge to translate end-user application specifications for the final 

product requirements to relevant, intermediate components requirements (e.g. permeation rates, 

conditions, accelerated life time testing conditions) that the materials and process companies can focus 

on to guide their internal developments. 

As far as materials and process goes, it is not clear how to address the end-user needs in terms of 

materials specifications. At this stage several OE-products are not yet standardized or even marketed 

(e.g. flexible OLED lighting). 

Currently, it is clear that it is extremely difficult to compare results between labs, either obtained on the 

same materials or using similar methods. Even for current materials and characterization methods, there 

is a need to find a common language or at least some translation tools to compare results. In many 

cases, more fundamental work to elucidate degradation pathways related to encapsulation needs to be 

done. 

Several of stress/environmental (temperature, RH, mechanical…) testing conditions are applied in 

different labs and are device and application dependent. The different conditions arise from several 

factors such as the need to comply with existing product standards, technical and market requirements, 

systematically motivated studies aimed at establishing accelerated testing relationships. 

As a consequence of several factors mentioned above there appear to be a remarkable amount of 

unnecessary duplication of work in the community. 

As far as permeation testing is concerned, the so called “calcium test” is reported as being widely used. 

However the term “calcium test” seems to cover several types of testing methods and conditions that are 

far from being standardized so that comparisons between labs are not easy or possible. Moreover, 

opinions differ about the quantitative or qualitative nature of the methods and, again, it is clear from the 

survey participants that the most sensitive tests are done by devices in some case (OLEDs). 

Reported obstacles quoted include low cost & scalable encapsulation, lack of standards, and lack of 

fundamental understanding  

The vast majority of the survey participants were in favor of continuing discussions or participating in a 

workshop devoted to the topics of encapsulation. 

Given the limited time frame and scope of the OPERA project, it is recommended that OPERA is used as 

a framework to start a standard preparation process and to identify, when possible, suitable Standards 

Development Organizations for further standards definition. A forum for continuation of discussions 

within the community should be identified before the end of OPERA. 

A body involving several stakeholders could provide guidance in standardization preparation process in 

the Organic Electronics, for instance by clarifying permeation testing (methods, geometries, 

interpretation, conditions etc.) and mechanical testing of materials and devices. 

The OE-A is suitable organization to host workshops on the topic of encapsulation methods, a working 

group on encapsulation was started. The proposal is that once the discussion groups converge towards 

more specific and focused activities, the actual standardization discussions and process will then take 

place in an appropriate and accredited Standards Development Organizations (e.g. WSC, ISO, IEC, 
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IEEE, SEMICON, ASTM…). by the concerned grouping of institutes and companies in a series of 

iterative, pragmatic steps.  

A first workshop on encapsulation was organized in Eindhoven on February 24, in conjunction with a 

working group session of the Organic and Printed Electronics Association (OE-A). The workshop 

attracted 28 participants from 23 different companies, institutes and universities.  
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