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Abstract - Search for flexible and robust displays imparted greater momentum to the hectic research in the field of Organic and 
Polymer Light Emitting Diodes (OLEDs & PLEDs). Ease of fabricating multi color displays through affordable and cost effective 
techniques accelerated these investigations. Being an interdisciplinary area, understanding its physics and modeling have become 
unequivocally important for shaping tomorrow’s device technology. By modeling PLEDs, analysis of quantum and power 
efficiencies is made possible from the current-voltage and luminance behaviors. Several approaches have been followed to generate 
device level behavioral models, like band based and exciton based models. Here the scope of Artificial Neural Networks (ANN) in 
device modeling is explored by fabricating and characterizing an MEH-PPV based device and simulating it by using ANN tool in 
MATLAB. 
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                        I. INTRODUCTION

 Research in organic displays [1] has been attaining 
greater momentum for the last two decades obviously due 
to their capacity to form flexible multi color displays. 
Their potential advantages include easy processing, 
robustness and inexpensive foundry compared to 
inorganic counterparts. In fact, this new comer in display 
is rapidly moving from fundamental research into 
industrial product, throwing [2] many new challenges like 
degradation and lifetime.  In order to design suitable 
structure displays it is beyond doubt that accurate and 
reliable models of the device are to be brought out. It has 
a pivotal role in catalyzing device degradation studies, 
selection of best driver circuitry and optimization of the 
technology. 
 For Organic Light Emitting Diodes (OLED), it is 
more often a practice to follow many concepts derived 
from inorganic semiconductor physics. It is customary to 
explain the polymer light emitting devices with band 
based and exciton based models. By numerical solutions 
to the basic equations, these models unveil the 
phenomenon of electroluminescence.In fact most of the 
organic 
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 materials used in Polymer Light Emitting Diodes (PLED) 
form disordered amorphous films without forming crystal 
lattice and hence the mechanisms used for molecular 
crystals may not fit the organic devices. Besides, the 
methodologies are computationally intensive. In this 

work, we attempt to revisit the physics based models for 
the electrical behavior of the device and present an 
artificial neural network based model of a device with 
poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene 
vinylene] (MEH-PPV) as emissive polymer.  
 
 

II.  DEVICE PHYSICS 
 
 Basic steps in electroluminescence include charge 
carrier injection, transport, exciton formation and 
recombination [3] and these are accounted in presence of 
built-in potential.  Built-in potential across the organic 
layers is due to the different work functions [4] between 
anode and cathode and computed [5] by photovoltaic 
nulling method. Its physical significance is that it reduces 
the applied external voltage such that a net drift current in 
forward bias direction can only be achieved if it exceeds 
built in voltage,Vbi. Carrier injection injection is described 
by [3] Fowler-Nordheim tunneling or Richardson-
Schottky thermionic emission, where the current is either 
space charge limited (SCLC) or trap charge limited 
(TCLC).Langevin theory interprets the recombination 
process and it is based on a diffusive motion of positive 
and negative carriers in the attractive mutual Coulomb 
field. The transport behavior in polymer semiconductor 
has been a matter of active debate since many theories 
were put forwarded by different groups. Charge transport 
is not a coherent motion of carriers in well defined bands - 
it is a stochastic process of hopping between delocalized 
states, which leads to low carrier 

mobility 2( 1 / )cm Vs  . The behavior of hopping 

transport in disordered organic solids has been better 
explained by [6] Gaussian Disorder Model.  Trap free 
limit for dual carrier device leads to the requirement of 
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balanced carrier injection and transport which imply that 
injected electrons and holes have same drift mobilities. In 
fact, it is difficult to achieve this in single layer devices 
due to the predominance of one of the carriers and hence 
bi-layer devices are used to circumvent it.  
 
 

III. MODELING OF ORGANIC LIGHT EMITTING 
DIODES 

 
 Device modeling is useful in many ways like 
optimization of design, integration with existing tools, 
prediction of problems in process control and better 
understanding of degradation mechanism. By modeling 
PLEDs, analysis of quantum and power efficiencies is 
made possible from the current-voltage and luminance 
behaviors. Several approaches have been followed to 
generate device level behavioral models. The numerical 
solutions of semiconductor equations of the devices are 
applied to accurately model the physics of devices. 
Similarly by starting from basic device physics, 
microscopic or particle level simulation approaches 
provided the device electrical characteristics. 
 
A. Band based and Exciton based Models 
 
 A rigid band model explains experimental results 
where holes and electrons tunnel into the polymer when 
applied electric field tilts the polymer bands to present 
sufficiently thin barriers. Fig.1 clearly indicates how this 
model envisages tunneling of holes from the band based 
model and characterization; the factors that control carrier 
injection [7] with a special reference to tunneling are 
brought out. The device turn on happens at a flat band 
condition and it is in fact the voltage required to reach the 
flat-band condition and it depends on the band gap of the 
polymer and work-function of electrodes. An 
approximation for the current has been made as 

 
2

exp( )I
V


       (1) 

 where V is the applied voltage,  is the barrier height 

and   is the constant, which is governed by effective 

mass of carriers and charge. The numerical model [5] to 
compute the current in terms of the recombination profile 
in single and multi carrier devices by unveiling the 
phenomena like built in potential, charge transport, 
recombination and charge injection is a major event in 
device modeling. It is to be highlighted that charge 
trapping is neglected in the analysis and transport is 
described in terms of trap free space charge limited 
currents. 

 
 
 

 

 
 

Fig.1  Band Diagram (in Forward Bias) for Model, indicating positions 
of Fermi Level for different electrode materials[7] 

 
 Without traps and field dependent mobility, the 
current in double carrier device is  
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where p is hole mobility, n  is electron mobility, L is 

the thickness of the device, B is bimolecular 
recombination constant and V is the applied voltage. 
Recombination is bimolecular since its rate is directly 
proportional [8] [9] to electron and hole concentration. 
   In the device model based on Poisson’s equation and 
conservation of charges, charge conservation equation has 
been rewritten [10] by assuming that recombination rate is 
proportional to collision cross section A, electric field, 
sum of mobility values of electrons and holes and the 
product of carrier densities, 
                 

, ( ) ( ) ( ) ( ) ( )h e x
h e h e

dJ
A E x n x n x

dx
           (3)  

where + and – signs indicate electron and hole currents. 
By conservation law of the total current  
 

( ) ( ) ( ) ( ) ( ) ( )h x e x h h e eJ J eE x n x eE x n x     

     (4) 
 
with the boundary conditions given by [10] current 
injection at both electrodes. 
 

B. Modeling by using Artificial Neural Networks  

a)  Requirement of the Model 

   Most of the organic materials used in LEDs form 
disordered amorphous films without forming crystal 
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lattice and hence the models derived from the concepts of 
inorganic semiconductor physics may not carry a perfect 
match with the experimental results. Being 
computationally intensive, the capability of these models 
to provide device level modeling interface for circuit 
simulation is limited by the CPU time. Some other typical 
approaches for the realization of this crucial interface for 
accurate and fast circuit simulation have included 
analytical, parameterized device models, table look-up 
models and even tensor product splines. The parameter 
extraction of these models presents a difficult problem 
even if the models are physically sound and include every 
possible phenomenon that completely describes the 
device.  To overcome the difficulties in the parameterized 
models a variety of look-up table methods with different 
interpolation techniques have been used. These models 
store the device data as tables. As is obvious, the table size 
grows with the number of input parameters and becomes 
the limiting factor in the modeling accuracy. Moreover, 
efficient interpolation schemes are required to effectively 
represent the device characteristics over the entire operation 
range.  
 Considering all the above mentioned limitations of 
these conventional device modeling approaches, neural 
network model, as the one developed in this work, is 
found to be a potential alternative for modeling of device 
characteristics.    This new application of the artificial 
neural network (ANN) is first proposed by Litovski et al., 
[11] in 1992.  Ever since, very few studies have been 
reported in black box modeling of microelectronic devices 
using ANN. As evolution and growth of ANN have been 
tremendous in a decade with many good analytical studies 
in supervised learning, it would be logical to extend it to 
the modeling of polymer light emitting diodes. The main 
advantages of this approach over conventional models are 
reduced CPU time, reduced memory requirements and 
ease of parameter extraction.  
 
b) Architecture of the Network 

 A typical multilayer perceptron (MLP) network 
consists [12] of a set of source nodes forming the input 
layer, one or more hidden layers of computation nodes, 
and an output layer of nodes. The input signal propagates 
through the network layer-by-layer. The computations 
performed by such a feed forward network with a single 
hidden layer with nonlinear activation functions and a 
linear output layer can be written mathematically as  
 

( ) ( )x f s B As a b            (5) 

 
where s is a vector of inputs and x a vector of outputs. A 
is the matrix of weights of the first layer, a is the bias 
vector of the first layer. B and b are, respectively, the 
weight matrix and the bias vector of the second layer. The 
function   denotes [13] an element wise nonlinearity.  

 The supervised learning problem of the MLP can be 
solved with the back-propagation algorithm. The 
algorithm consists of two steps. In the forward pass, the 
predicted outputs corresponding to the given inputs are 
evaluated as in equation (5). In the backward pass, partial 
derivatives of the cost function with respect to the 
different parameters are propagated back through the 
network. The chain rule of differentiation gives very 
similar computational rules for the backward pass as the 
ones in the forward pass. The network  weights can 

then be adapted using any gradient-based optimization 
algorithms like [14] gradient descent or Levenberg-
Marquartd.  The whole process is iterated until the 
weights have converged.  
 
 

IV. SIMULATION RESULTS & DISCUSSIONS 

 
 The model is implemented in multilayer structure as 
shown in fig. 2. It is having three layers; starting from an 
input layer with five neurons where all versatile inputs 
are fed, a hidden layer with fifteen neurons and an output 
layer with a single neuron. The different inputs are input 
voltage, thickness of polymer layer, active area, thickness 
of cathode and temperature at which measurements are 
made. The output of the network is the diode current and 
the training data consists of few representative data points 
obtained from the experimental measurements on MEH-
PPV based device. The model was trained by using the 
Levenberg-Marquardt algorithm and implemented using the 
neural network toolbox [15] of the MATLAB 7 software. 
The training epochs were chosen so as to get the sum-
squared errors (i.e., the difference between the actual 
network outputs and the expected network outputs) and sum 
squared weights (SSW) becomes less than a certain specified 
value. The devices used here are having 
ITO/PEDOT/MEH-PPV/Al. The fabrication is carried out 
according to the procedure described elsewhere [16]. 
 The network has been trained by data extracted from 
other reported [17] results too.  In those cases the device 
current at different temperatures form the target vector 
and the model has shown better convergence. Figure 3 
shows the model output compared with the experimental 
results. It is imperative that the model values show a very 
small difference with the experimental results. More data 
from similar device would give a better convergence.  The 
three devices whose characteristics plotted here are 
having the specifications listed in table 1 
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Fig 2 ANN Model of PLED 
  

 
      Fig.3 Comparison of currents ( from the model  

and the experiment) 

 
 

TABLE 1: SPECIFICATIONS OF FABRICATED DEVICES 

 

Device 
Active 
Area 

(Sq.mm) 

Thickness 
(KAo) 
(Al) 

Polymer 
Thickness 

(nm) 

1 
2 
3 

20 
25 
100 

1.435 
1.435 
1.675 

100 
75 
75 

   
 

V. PARAMETER EXTRACTION 

 It is to be highlighted that the model could be very 
well used for extracting device current at different 
temperatures for a device at a particular voltage. Figure 4 
shows the device current at an applied voltage of 2V for 
the three devices listed in table1.  The extraction is carried 

out by adding a module in the MATLAB code for ANN 
model 
 

 
Fig.4 Device current at 2V for different active area 

 
 

VI. CONCLUSIONS 
 
 With a brief revisit on the models for device current 
from exciton based and band based approaches, we 
present an artificial neural networks based model of 
ITO/PEDOT-PSS/MEH-PPV/Al device with device 
current as its output. It shows a commendable 
convergence with the experimental output of the device 
we had fabricated. We have used MATLAB tool for 
artificial neural networks for implementation. From the 
model, current at different active area of the device has 
been extracted at a particular bias voltage.  The model is 
less computationally intensive and demands less memory 
requirements providing flexibility to extract device 
currents at different temperatures and active areas.  
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