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Simulating the Device Characteristics of MEH-PPV Polymer 
Light Emitting Diodes Using ATLAS

Introduction
Organic light emitting diodes (OLEDs) are attracting 
great interest in the display technology industry due 
to their promising low cost large area manufacturing 
and relative ease of fabrication using low processing 
temperatures. Although the research work of OLEDs has 
began since early 1980 and has been well established, 
there is still no commercially available software that 
can simulate the electrical and optical behavior of these 
organic polymer/monomer based devices. As such, 
Silvaco-ATLAS Silvaco-ATLAS Silvaco- has recently extended its capability to 
simulate these devices using a variety of appropriate 
organic polymer/monomer models. 

In this article, we will present the use of ATLAS in simu-
lating OLEDs based upon the commonly used organic 
material i.e. MEH-PPV [more fully known as poly(2-
methoxy,5-(2õ-ethyl-hexoxy)-1,4-phenylenevinylene)]. 
MEH-PPV has been chosen in the paper since it has been 
an attractive material in OLED fabrication because of its 
solubility in common organic solvents, in conjunction 
with a low operating voltage for light emission and rela-
tively high conversion efþ ciency [1]. 

Device Simulation Structure
Figure 1 shows the simulation structure used in this pa-
per. It is a three layer device; typically consisting of the 
MEH-PPV polymer þ lm sandwiched between an Indium-
Tin-Oxide (ITO) coated glass substrate and a metal. The 
ITO is the anode while the cathode is made up of metal. 
Whether these contacts are electron or hole injection lim-
ited depends on their workfunction with respect to the 
LUMO and HOMO energy levels of the MEH-PPV. 

In this simulation, the thickness of both electrodes are 
set to 0.05Hm while the thickness of the MEH-PPV will 
be varied between the range of 475¡ to 2100¡ so as to 
study the electrical characteristics of the OLED device. 

Models and Device Parameters
In this organic polymer LED simulation, the Poole-Fren-
kel-like mobility model and the Langevin bimolecular 
recombination model have been used as the transport and 
recombination mechanism. These models are enabled in 
ATLAS by specifying the parameters PFMOB and LAN-
GEVIN in the MODEL statement. In addition, to infer the 
radiative rates for luminescence or phosphorescence due 
to the Langevin recombination in organic polymer LEDs, 
the distribution of singlet or triplet excitons has to be 
calculated. ATLAS has included the exciton rate equation 
which is self-consistently solved along with the electron 
and hole drift diffusion equations. To enable the self-con-
sistent simulation of excitons, the EXCITON parameter 
was also included in the MODEL statement. 

For the Poole-Frenkel-like mobility model, additional pa-
rameters such as the DELTAEN.PFMOB, DELTAEP.PFMOB, 
BETAN.PFMOB and BETAP.PFMOB, are speciþ ed 
in the MOBILITY statement. DELTAEN.PFMOB and 
DELTAEP.PFMOB are the thermal activation energy 
of the organic polymer at zero electric þ eld for elec-
trons and holes respectively while BETAN.PFMOB and 
BETAP.PFMOB are the electron and hole Poole-Frenkel 
factor respectively. The device material parameters used 
in this simulation are given in Table 1

Figure 1 Schematic diagram of the simulation structure.

Table 1. Device parameters used in this simulation.

Parameter Magnitude Units

Bandgap energy, E
g

2.1 eV

Temperature, T 300 K

Afý nity 2.8 eV

ITO Workfunction 4.7 eV

Density of State, N
0

2.5 Z 1019 cm-3

Hole mobility, Õ
p

0.5 Z 10-4 cm2 V-1 s-1

Electron mobility, Õ
n

0.5 Z 10-5 cm2 V-1 s-1

Exciton lifetime, ­ 1 Z 10-9 s

Exciton diffusion length, L
D

1 Z 10-6 cm

Fraction of excitons formed  0.45 unitless
    as singlets, F

Relative permittivity, ß
r

3.0 unitless

Richardson constant 120 A cm-2 K-2




