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Abstract 
 

Organic light-emitting devices (OLEDs) consist of a stack of multiple thin film layers 
whose thicknesses influence both the optical and electronic performance. Upon 
injection and transport, the charge carriers may recombine to form excitons that 
diffuse and decay radiatively, thus leading to distinct recombination and emission 
zone profiles. We present systematic combinatorial experiments for parameter 
extraction and validation of our comprehensive device model. The electronic model is 
based on drift-diffusion combined with exciton diffusion and decay. The optical part 
of the model considers the emission to originate from embedded radiative dipoles. We 
demonstrate the extraction of mobility parameters and energy barriers and validate the 
optical model using angular emission as well as photoluminescence data. 
 

1 Introduction 

The mechanisms of charge injection, transport and recombination in organic 
semiconductors are inherently different compared to their inorganic counterparts and 
demand a specific simulation tool that allows a better understanding and efficient 
optimization of organic optoelectronics devices and materials. A quantitative 
understanding of organic light-emitting devices (OLEDs) requires reproducible 
device fabrication that provides extensive and reliable experimental data for the 
extraction of material parameters and subsequently for the validation of the models at 
hand. We therefore employ combinatorial device fabrication, a highly parallel 
procedure that also allows for efficient device structure optimization [1]. 

2 Model 

Numerical simulations have been used in the past to describe the optical [2,3] and the 
electronic processes in multi-layer OLEDs [4,5]. The optical model considers the 



emission to originate from radiative dipoles embedded in a multilayer thin film stack 
and is solved numerically in one dimension using a transfer matrix method as a 
function of the viewing angle [6]. The required material parameters consist of the 
refractive index dispersion and the thickness of the individual layers as well as the 
emission spectrum of the emitting material, parameters that are easily accessible 
experimentally. The electronic drift -diffusion model is solved numerically. As for the 
electronic material parameters, their number is higher and the experimental 
determination by specific measurements often difficult . 
 

2.1 Results and Discussion 

We report examples of our attempt to develop a consistent and comprehensive 
electronic and optical device model by first extracting the material parameters from 
numerous experiments with simple device structures and few unknowns. In particular, 
we extract material parameters for the field-dependent mobility from single layer 
devices assuming space-charge-limited transport (Fig. 1). Secondly, the obtained 
parameters are then used to simulate more complex multi-layer devices. This 
approach for model validation is exemplified for the electronic, the excitonic (Fig. 4) 
and the optical part of the device model (Fig. 2 to 4). For the electronic validation, 
current-voltage curves and electrostatic potential profiles are used.  
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Figure 1: Extraction of the material parameters for field -dependent mobility of 

electron-only single layer (Alq) devices of various thicknesses from  
current-voltage curves. 

 
For the optical validation, we compare thickness and polarization dependent (angular) 
electroluminescence spectra. The angular characteristics of a conventional OLED are 
illustrated in the example of Fig. 2. Tuning of the angular emission with the thickness 
of the hole transport layer NPB is  shown in a comparison of experimental and 
simulated data in Fig. 3. In addition, Fig. 4 shows a comparison of a series of thin film 
photoluminescence experiments that are compared to the results of the optical model 
[6] and an exciton quenching model. While the optical model gives reliable results for 



thick organic films, the quenching model turns out to be useful for situations where 
the excitons are in proximity of metal interfaces.  
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Figure 2: Experimental (a) and simulated (b) emission spectra of a conventional 

OLED structure (Ni/CuPc(15nm)/NPB(30nm)/Alq3(50nm)/Ca(10nm)/Mg(10nm)) as 
a function of the viewing angle. 
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Figure 3: Comparison of experimental (symbols) and simulated (lines) angular 

luminance for OLEDs of varying NPB layer thickness. The layer structure is the same 
as for the OLED in Fig. 2.  

 
 
Our investigations emphasize the importance of thin film effects such as optical 
interference and electronic confinement. We provide efficient tools for experiment 
and simulation for a careful design of complex multi-layer device structures. 
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Figure 4: Analysis of photoluminescence experiments with Alq3 thin films on 

aluminium for investigation of the exciton quenching effect near the metal interface 
and optical interference at large layer thicknesses . 

3 Summary 

We have presented experiments for parameter extraction and model validation for 
electronic and optical processes in OLEDs. Charge mobility parameters were 
extracted from a set of devices with varying thicknesses. For validation of the optical 
model the angular emission characteristics of a set of OLEDs of varying thickness as 
well as photoluminescence of thin films was analy zed. The optical part of the model 
has a reliable  and predictive character. Further work is addressed to validate the 
electronic model using experimental data from multilayer structures.  
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