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Abstract 

In this paper, a theoretical model of bilayer OLEDs, assuming Fowler-Nordheim relation in the term of conduction 
current densities of charge carriers and electric field in hole injection region and electron injection region is used. 
Using the Poisson equation the relation for electric field of interfacial layer and surface carrier densities is 
expressed. Then the equation was simplified and a relation between electric field and thickness of the device is 
found, considering that the light output of the OLEDs is proportional to the recombination current the expressions 
between recombination current and cross-section of holes and electrons are derived. Finally, the relation between 
recombination current and surface densities of charge carriers is obtained. These expressions are successful to 
explain the injection and accumulation of charge carriers during transient excitation.  
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1.  INTRODUCTION 

Now-a-days organic light emitting diodes (OLEDs) have 
easy processing, light-weightness, flexibility, low 
operating voltage, thinner display, etc. which make them 
promising for flat panel technologies and lighting 
devices. Organic electroluminescent displays, 
monochromatic as well as multicolor have been reported 
[1,2]. A bilayer OLED consists of two thin organic 
layers sandwiched between two electrodes, at least one 
of which is transparent or semi-transparent for 
transmission of light, with the structure, ITO (anode)/ 
hole transporting layer (HTL)/ electron transporting 
layer (ETL)/Al (cathode).  OLEDs work on the 
phenomenon of electroluminescence (EL). Perspectives 
of use of OLEDs in large area display technology led to 
extensive study, both theoretical and experimental, of 
their electroluminescence mechanism in the last decade. 
The phenomenon of light emission by a material during 
the flow of an electrical current is EL [3,4]. Current 
interest is to investigate models for injection, transport, 
and recombination mechanism in the operation of 
OLEDs [5,6]. In all cases, EL is theoretically governed 
by the kinetic equations of charge carrier densities and 
the Poisson equation. Using Poisson’s equations, Bassler 
et al. [7] have proposed a theoretical model of a bilayer 
device, which they have extensively used to explain 
transient EL and described the transient phenomenon of 
OLEDs. The present paper reports the effect of 
interfacial barriers on the transient response of bilayer 
OLEDs. 

 

2. THEORY  

In this paper, we describe the relation between 
recombination current and surface carrier densities of 
charge carriers. The theoretical model emphasizes the 
role of the interface between HTL and ETL in the 
interfacial layer, the coexistence of these materials, due 
to some inter-diffusion during the deposition, allows 
both electron and hole transport. The theoretical model 
is specific of this latter case and its relevance has been 
demonstrated by clear experimental data [8]. The 
interfacial region can be envisioned as interpenetrating 
hole and electron transporting polymer chains or 
strands, protruding on both sides towards the bulk of 
ETL and HTL, respectively. Under electrical field, 
holes or electrons can freely migrate along their 
respective chains, without any significant energy 
barrier, well inside the ETL or HTL; there they 
accumulate due to the existence of energy barriers for 
hole migration from HTL to ETL and for electron 
migration from ETL to HTL [7]. 

Let us assume, Jh and Je the conduction current 
densities of holes and electrons injected from the anode 
(ITO) and the cathode (Al), respectively, and J’h, J’e the 
leakage currents of holes and electrons across the 
interfacial layer. All current densities are in fact charge 
carrier fluxes expressed in m-2s-1 unit. With the 
assumption of high electric fields, these current 
densities can be expressed by the well known Fowler-
Nordheim relations, as given in the following equations 
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where Eh and Ee are the electric fields in the hole 
injection region and in the electron injection region, 
respectively; σh and σe stands for the surface carrier 
densities (m-2) of holes and electrons, respectively, 
accumulated at the interface layer; υh and υe are the 
attempt-to-escape frequencies; χoh and χoe, the 
prefactors for holes and electrons, respectively, and 
they are related to the energy barrier ‘H’ by 

hHe  8/2
0    

where h is Planck constant, e is the electronic charge 
and H is the barrier heights. 
From the tunneling theory [9], Δ can be expressed as 
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Fig.1: (a) schematic view of the theoretical model,  
(b) the energy band diagram of the device without bias.  

where m is the effective mass of the carrier in the 
potential well of barrier height H. 

The distribution of the electric field satisfies the 
Poisson equation                                      

 



divE                          (6) 

where E is the electric field, ρ is the and ε is the 
permittivity. 
Under the unidimensional assumption, the last equation 
leads to the following set of relations: 


 e
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where Ei stands for the electric field in the interfacial 
layer, ε for the dielectric permittivity, and V for the 
voltage across the device. Now from equation (7), we 
find 

       Ei + e 

 e  = Eh      or,       Eh = Ei + e 


 e    

 and from equation (8), we find 

       Ee  − h
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Substituting the value of Ei , we get 
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Substituting these values into (9), we get  
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or,   Ee ( li + lh + le ) = V + 

e

[ σh li + ( σh – σe )lh]   

or,   Ee ( li +lh +le ) = V + 

e

[( σh − σe) lh + σh li ] 

hence, using the,   L = li + lh + le  where L is the 
thickness of device.  

 Ee L  =  V + 

e

[ (σh – σe) lh  + σh  li]          
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Similarly from equations. (7) and (8), obtaining the 
values of Ei  and Ee can be obtained in the form of  Eh, 
and they are given by 

        Ei  = Eh – e 

 e      and       Ee  = Ei + e 


 h     

 or, Ee  = Eh − )( he
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Substituting these values into Eq. (9), and we find the 
expressions are  
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Similarly, again from Eqs. (7) and (8), obtaining the 
values of  Eh and Ee  in the form of   Ei , and we get 

       Eh  =  Ei  + e

 e    and    Ee  =  Ei + e 


 h  

Substituting these values into Eq. (9), and we get  
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We know that the light output of the OLED is 
proportional to the recombination current [8], that is 
            JR =  Sh σh Je  + Se σe Jh                          
where JR is recombination current, Sh and Se are the 
cross-sections associated with langevin recombination 
for holes and electrons, respectively, and related to the 
electric field by this equation                  

S = 
E

e

             
                                                  

Finally, the luminescence kinetics is governed by the 
time derivatives of the carrier surface densities given by 
the following equation 

       tJtJtJ
dt

td
Rhh
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From Eqs. (13) and (14), we find the relation between 
recombination current and surface carrier densities for 
holes and electrons. 

3. CONCLUSION 

The mechanism of light generation in bilayer OLED is 
investigated with the help of evolution of electric fields 
and charge densities. In this paper, the relation between 
recombination current and surface densities of charge 
carriers is described and explained that the surface 
densities of charge carriers is directly proportional to 
the recombination current densities. These expressions 
are successful to explain the injection and accumulation 
of charge carriers during transient excitation. The 
present study may be useful for enhancing the 
generation of light in OLEDs. 
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