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ABSTRACT 

In this paper, we employ a two-dimensional numerical 

model to simulate and explore the electrical characteristics 

of organic light-emitting devices (OLEDs). The spatial 

distributions of charge and electric field are investigated for 

structure design of OLEDs. The two-dimensional numerical 

simulation of the current continuity and Poisson equations 

are carefully extended to treat the interfaces of multilayer 

OLED structure. To hand the interface property of the 

realistic OLED structure, traps are introduced in this 

simulation. A lower Schottky barrier height will increase 

both the current density and radioactive recombination rate. 

The effect of the trap density saturates around 10
12

 cm
-2

;

therefore, such high trap density is not preferred in OLED 

fabrication. 

Keywords: 2D simulation, OLED, device physical model, 

electrical characteristics, recombination rate, structure 

design, barrier height, trap density, modeling and 

simulation  

1 INTRODUCTION 

Organic light-emitting devices (OLEDs) have added a 

new dimension to current display technology [1-17]. OLED 

panel is thinner, lighter, brighter, and cheaper to 

manufacture of display products. It consumes less power 

than the current thin displays. Compared with conventional 

inorganic photonic devices, structure of OLED can be 

subject to further improvement for obtaining higher 

efficiency of electroluminescence. It is known that optimal 

electrical characteristics of OLED are necessary for design 

and fabrication of OLED panel. Geometry effects on the 

electrical characteristics of OLED can be computationally 

achieved by correctly using computer-aided design tools. 

Owing to the simple geometry of OEDs, i.e. metal contact / 

organic layer(s) / metal contact, various one-dimensional 

(1D) transport models have been solved in the numerical 

simulation of OLEDs along certain direction of carrier 

transport [9-10]. Two-dimensional modeling and simulation 

enable the investigation of geometry effects on the 

electrical characteristics of OLED.  

In this paper, a (2D) transport model is solved 

numerically for OLED simulation. A set of 2D drift-

diffusion equations, the Poisson and electron-hole current 

continuity equations, together with trap density model of 

interface of materials is solved numerically. We explore the 

voltage-current (I-V) and radioactive recombination of 

OLED. The spatial distributions of charge and intrinsic 

physics are investigated for structure design of OLEDs. It is 

found that a lower Schottky barrier height will increase 

both the current density and radioactive recombination rate. 

The effect of the trap density saturates around 10
12

 cm
-2

;

therefore, such high trap density is not preferred in OLED 

fabrication. Effects of the Schottky barrier height and the 

trap density on the electrical characteristics of OLED are 

discussed. Comparison of the results between the 1D and 

2D models are also presented.  

This paper is organized as follows. In Sec. 2, we state 

the 2D computational model of OLED. Sec. 3 shows the 

results and discussion. Finally, we draw conclusions.  

2 THE COMPUTATIONAL MODEL 

Organic electroluminescence is the emission of light 

from thin films of organic materials as a result of electrical 

excitation. It can be occurred in OLEDs when electrons are 

injected from an electrode on one side of the film and holes 

from the other. Thus, an exciton is formed from the capture 

of oppositely charged carriers. Many OLED models 

proposed thus far are mainly based on traditional inorganic 

charge transport models. Transport of electron and hole in 

the OLEDs is described using the continuity equation, the 

drift-diffusion current, and the Poisson equation. Along 

with the appropriate boundary conditions, which for OEDs 

require appropriate formalisms for current injection at each 

of the contacts, these coupled physical equations are solved 

numerically to obtain solutions for the electron and hole 

current densities, carrier densities, electric field, and 

electrostatic potential. We extend the model to the 

investigation of multilayer, such as bilayer OLED devices. 

The 2D drift-diffusion model [9-10, 18-21] 
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where  is potential,  is dielectric constant, 
AN  and 

DN  are the ionized acceptor and donor impurity 

concentrations, ntj is the density of trapped electrons for the 

jth
 trap energy level and p and n follow the Maxwell-

Boltzmann statistics (i.e. assuming that the system is non-

degenerate) [21]. G is the electron-hole pair generation rate. 

The recombination rate R has two contributions, the optical 

recombination rate Ropt and the Shockley-Read-Hall 

recombination rate Rsrh.

To simulate the interface property of the realistic OLED 

structure, introducing of traps in the numerical model is 

necessary. Traps of OLED are widely discussed and have 

different variations in their treatment. We consider in this 

work deep traps requiring both an extra recombination term 

and inclusion of their charge in the Poisson equation. Deep 

traps described by a discrete is expressed as 

TkEE

tj

tj
Bfntje

g

N
n

/)(1
1

,

where ntj is the density of trapped electrons for the j
th
 trap, 

the Ntj is total trap density which equal to Nt0exp[-Etj/kBT], 

and the Etj is the trap energy relative to the conduction band 

edge [1-3]. Multilayer device models are using the drift-

diffusion equations for current transport and injection, 

where specific boundary (interface) conditions between the 

interfaces of organic and organic materials should be 

introduced. We note when the gradients of density are small, 

the contribution of diffusion current can be neglected to 

simplify the simulation model. The 2D model above is 

solved numerically with adaptive finite volume method [18-

20].  

3 RESULTS AND DISCUSSIONS 

The simulated OLED is based on the 2D structure of the 

tris-(8-hydoroxyquinoline)-aluminum (Alq3) for the layer of 

electron transport and the TPD for the layer of hole 

transport. The 2D simulation structure of the OLED is 

shown in Fig. 1, where the materials and dimensions of 

layers are shown. The simulated electrostatic potential, 

electric field, and current density are shown in Figs. 2-4. It 

is known that the choice of contacts in OLEDs plays an 

important factor. It affects the minority and majority current 

flows, recombination rates, and efficiency.  

Two different Schttoky barrier heights, 0.0 eV and 1.2 

eV, are simulated and shown in the upper figure and lower 

one, respectively. It is found that the distributions of 

electrostatic potential, electric field, and current density are 

not uniform spread over the organic thin films. For other 

fixed parameters, the higher Schttoky barrier height 

produces lower and flatter electric field over structure of 

OLED, shown in Fig. 2. Therefore, compared with the 

structure with zero Schttoky barrier height, shown in Fig. 4, 

the structure with 1.2 eV Schttoky barrier height has higher 

current density.  

Two parameters, the Schttoky barrier height between 

contacts of organic semiconductors and the trap density at 

the multilayer organic semiconductors are considered in the 

simulated device structure. Figures 5 and 6 exhibit the 

computed I-V characteristics with respect to Schottky 

barrier height and mid-band trap density. As shown in Fig. 

5, when the Schttoky barrier height is increased, the current 

is decreased. The mechanism can be explained according to 

the results shown in Figs. 3 and 4. It is found that there is a 

compromise between the Schttoky and ideal contacts. On 

the other hand, when the trap density is increased, the 

current is decreased. However, the higher trap densities get 

no significant benefit on the conduct current. There is about 

one order magnitude difference on the conduct current 

when the trap density varies from 10
10

 cm
-2

 to 10
14

 cm
-2

.

Additionally, the radioactive recombination rate versus the 

applied anode voltage with respect to different Schottky 

barrier height and mid-band trap density is also presented in 

the figures 7 and 8, respectively.  

It can be summarized from these four figures 5-8 that a 

lower Schottky barrier height will increase both the current 

and radioactive recombination rate. A lowering of the 

Schottky barrier height can be considered as a factor to 

improve the efficiency of electroluminescence. On the other 

hand, the effect of the trap density on the current density 

and the radioactive recombination rate is saturated; 

therefore, a trap density which is higher than 10
12

 cm
-2

 is 

not preferred in OLED fabrications.  

We further perform the 1D simulation for the same 

studied structure of OLED. The computed current versus 

the applied anode voltage with respect to the Schottky 

barrier height and the trap density is shown in Figs. 9 and 

10. The results have similar prediction as shown from the 

2D calculation. However, the level of current is higher than 

that of 2D calculation.  

4 CONCLUSION 

In this paper, we have performed a two-dimensional 

simulation to explore the electrical characteristics of the 

TPD/Alq3 two-layer structure of OLED. The two-

dimensional numerical model consists of the carriers’ 

current continuity and Poisson equations. The equations 

have carefully been extended to treat the interfaces of 

multilayer OLED structure. To hand the interface property 

of the realistic OLED structure, trap density was introduced 

in this simulation. The spatial distributions of charge and 

electric field have been investigated for studied OLEDs. It 

has been found that a lower Schottky barrier height will 

increase both the current density and radioactive 

recombination rate. The effect of the trap density saturates 

around 10
12

 cm
-2

; therefore, such high trap density is not 

preferred in OLED fabrication. To explore the optimization 

of structure as well as the material composition, we are 

currently performing the 2D simulation with different 
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structure parameters, such as the thickness and the number 

of layers for transports of electron and hole.  
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Figure 1: A cross-section view of the simulated TPD/Alq3

two-layer structure of OLED.  

Figure 2:  The electrostatic potential for the TPD/Alq3 two-

layer structure of OLED under 10 V applied voltage. The 

upper figure is with the zero Schttoky barrier height and the 

lower one is with the 1.2 eV Schttoky barrier height.  

Figure 3:  The simulated electric field of OLED under 10 V 

applied voltage. The upper figure is with the zero Schttoky 

barrier height and the lower one is with the 1.2 eV.  

Figure 4:  The current density of OLED under 10 V applied 

voltage. The upper figure is with the zero Schttoky barrier 

height and the lower one is with the 1.2 eV.  
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Figure 5: The computed current density versus the anode 

voltage with respect to different Schottky barrier height.  
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Figure 6: The computed current density versus the anode 

voltage with respect to different trap density. 
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Figure 7: The radioactive recombination rate versus the anode 

voltage with respect to different Schottky barrier height.   
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Figure 8: The radioactive recombination rate versus the 

anode voltage with respect to different trap density.  
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Figure 9: The 1D computed current density versus the anode 

voltage with respect to different Schottky barrier height. 
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Figure 10: The 1D computed current density versus the 

anode voltage with respect to different trap density. 
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