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1 Publishable summary 
 
Socio-economic motivation 

White Organic Light-Emitting Diodes (OLEDs) are potentially highly efficient large-area light 

sources, which can be used for general lighting applications in hitherto unprecedented ways, such as 

light-emitting flexible foils. In the past five years, the luminous efficacy of prototype white OLEDs 

has shown a very fast, fivefold increase (see Fig. 1). There is a great societal need in achieving 

durable and affordable light sources with a high luminous efficacy. At present, 10-15 % of the 

global energy production is used for lighting, corresponding to 2100 TWh per year, and 

corresponding to 250 billion Euro (of which 25 % for Europe). The need for lighting is expected to 

increase strongly in the near future, realistically by a factor of 2 within the next two decades. In 

view of the huge cost of lighting, the waste of precious energy involved in many of today’s 

electrical lamps, and the resulting environmental impact due to the annual amount of greenhouse 

gas (CO2) produced, there is a strong need for more efficient and thereby more environmentally 

friendly light sources. 

In principle, there seems to be no fundamental obstacle towards 100 lm/W efficiency, 

beyond that of fluorescent lamps. However, in practice the ever-increasing complexity of OLEDs 

(presently 20 layers or more) now hampers further progress towards that goal, in part because 

reaching this efficiency goal is only of practical interest in combination with durability, colour 

stability and tunability, and ease of fabrication. For the further development of efficient white 

OLEDs, the availability of an experimentally validated opto-electronic device model will be crucial. 

At present, such a model is not available. It has recently become clear that today’s “first generation” 

models, based on conventional understanding of transport and photo-physical processes, are 

insufficient for realistic OLED materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) White and yellow (middle) OLEDs as compared to conventional light sources (compact 

fluorescent lamp, incandescent lamp and fluorescent TL). (b) Development of the luminous efficacy 

of white OLEDs (circles) as compared to that of white inorganic LEDs (squares) and commercial 

tubular fluorescent lamps and incandescent lamps. All LED and OLED data points refer to 

laboratory prototypes. The data given are only meant to indicate the development.  
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Aim and approach 
The AEVIOM ("Advanced Experimentally Validated Integrated OLED Model") project aims at 

enabling a breakthrough in white OLED efficiency and lifetime by the development and application 

of a novel, qualitatively correct and quantitatively accurate, OLED model. On the basis of 

advanced three-dimensional modelling, which will allow us to take all consequences of the 

disordered nature of realistic organic semiconductor OLED materials consistently into account, we 

will introduce a true paradigm shift in the way we understand and quantitatively model the 

functioning of high-performance OLEDs. Hence, we call our model a “second generation” model.  

Crucial steps beyond the state-of-the-art include the ways we model the filamentarity of the 

current density, the localization of emission in “hot spots”, the transport and excitonic processes in 

molecularly doped injection layers and in emissive layers that contain a small concentration of 

phosphorescent dye molecules, and the transport across interfaces and through disordered interfacial 

regions with a gradient in layer composition. In order to obtain an experimentally validated 

description of the effects of disorder on the transport and photo-physical processes, a wide range of 

OLED materials and device structures will be studied, and analyzed within the framework of the 

novel model. The model will have the unique feature of being integrated, including the full 

interplay between charge carrier transport, excitonic processes and light outcoupling. 
 
Impact on OLED efficiency, lifetime and device complexity 
In order to assure maximum impact, a strong effort will be made to “translate” the three-

dimensional model to a very fast and easy-to-use one-dimensional model, which can be applied by 

generalist users. The three-dimensional (mainframe) and one-dimensional (PC) versions of the 

model will be applied to assess the prospects for enhancements of the luminous efficacy, to model 

the processes that limit the device lifetime and to model colour point shifts as a function of the 

current density. The focus will be on devices with a minimized number of layers, in order to reduce 

the device complexity. Ultimately, such a minimization will lead to a reduction in manufacturing 

cost. The results of these application studies will be used to give experimentally validated 

recommendations towards the realization of a breakthrough in white OLED efficiency, lifetime, and 

reduced device complexity. 

 

 

 

 

 

 

 

 

                                                                                                

Fig. 2. AEVIOM project logo. 

  
Project website and logo 
The aims and scope of the AEVIOM project, an overview of the partners involved, the public 

results, links to other EU projects and contact details are presented on its website www.aeviom.eu. 

The project logo (Fig. 2) symbolizes the filamentary three-dimensional current density in OLEDs 

and the emission of photons at different wavelengths in a white OLED.  
 

 

 

http://www.aeviom.eu/
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Progress in the second year 
 

In the second year of the project, good progress as scheduled in the work plan and as summarized 

below, has been made in all its four technical work packages (WPs).  

 

WP1 - Advanced Numerical Modelling 

 Full 3D Monte-Carlo simulations simulations have been performed for a single-layer 

OLED, including injection, transport, and recombination of charges, and also for a three-

layer OLED with a dye in the middle layer. The latter result demonstrates that advanced 3D 

simulations of electronic processes occurring in realistic multilayer OLEDs are possible. 

 By comparison with Monte-Carlo simulations, we have found that the well-known 

Langevin formula for recombination remains valid, provided that in this formula the so-

called bipolar mobilities are inserted, i.e., the mobilities of either carrier type in the presence 

of the other carrier type. 

 A new model was developed to describe “field-induced detrapping” in organic layers 

containing traps. 

 A new model was developed to describe the frequency dependence of the transport in 

OLEDs. 

 The result obtained thus far from 3D modelling have been included in a versatile 1D model, 

called “AEVIOM-1D-model” (A1DM). This model will be further extended in the third 

year.                                                                                                                                                                                                              

 

WP2 - Experimental Validation 

 Systematic experimental studies of the transport in all layers forming the "AEVIOM reference 

stack" (fig. 3, see also the section on WP2) were carried out, and first bilayer studies have been 

started.  

 Electron and hole mobility modeling has been carried out for the electron and hole 

transporting materials in the stack, and reveals the importance of taking energetic disorder into 

account. Experiments have also revealed the relevance of taking "correlated disorder" into 

account. 

 Optical probing of the internal field has been carried out using electroabsorption experiments 

in single layer and multilayer OLEDs. Electrical and optical modeling of these experiments was 

demonstrated to be a useful and in fact necessary tool for obtaining quantified information 

about the internal field and the so-called built-in voltage.  
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Fig. 3. Layer structure of the AEVIOM reference stack. 

 

 For the case of single-layer polymer OLEDs, used as model systems, it has been shown that (1) 

predictive OLED modeling is possible based on measured separate single-carrier mobility 

functions, (2) the emission profile can be determined with nanometre-resolution from emission 

measurements, (3) the fraction of singlet excitons can be deduced accurately from optical 

emission experiments, and (4) the Extended Gaussian Disorder Model provides a consistent 

description of the guest concentration dependence of the mobility in host-guest systems.  

 

WP3 - Integral Model 

 Novel efficient solvers have been developed for obtaining stable and efficient time-dependent 

and stationary solutions of the 1D coupled semiconductor equations. This was done for the 

specific types of disorder encountered in OLEDs (random and correlated disorder, and 

including trap states), and for devices with internal (organic-organic) interfaces.  

 The SMEs Fluxim and Sim4tec have made good progress with implementing these results in 

their easy-to-use software. Fluxim released a new commercial version of its software 

(SETFOS3.0) already including the effects of random Gaussian disorder (EGDM), based on 

knowledge transfer within the project.   

 

WP4 - Application 

 A first assessment of the efficacy perspective of white OLEDs has been made, based on five 

selected device principles. 

 Dedicated devices have been fabricated for studying the lumen maintenance and color point 

stability. These experiments, as well as dedicated modeling (with WP1) have been started. 

 
 
Cooperation, dissemination and exploitation 

Half-yearly progress meetings have been organized in Einsiedeln (see Fig. 4) and Eindhoven (see 

Fig. 5). At both meetings invited talks were given by external speakers (dr. Winnewisser from 

CSEM, Basel, and dr. van Mol from Holst Centre, Eindhoven). The Annual Review meeting has 

been in March (2009) in Brussels. At the Einsiedeln meeting, a hands-on modeling workshop was 

organized. As in the first year, there are strong relationships between all work packages. Several 

extended visits of researchers to each other's laboratory have taken place. Participants have 

presented their work in more than 20 invited and contributed talks, and have published in the 

first year already more than 10 papers in international peer reviewed journals. On the basis of 

the results obtained from the project, Fluxim has launched in summer 2009 a new version of its 

commercial OLED modeling software (SETFOS 3.0), including in a refined manner the EGDM 

mobility functions.   

 

Fig. 4. Photographs made at the progress meeting in Einsiedeln, Switzerland, February 2009.  
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Fig. 5. Photographs made at the progress meeting in Eindhoven (Netherlands), September 2009 


