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ABSTRACT 

In this paper we propose a new equivalent circuit model 
of organic light emitting device (OLED). The physical-
based model is considering the effect of high built-in 
voltage existing between the organic materials and the 
effect of non-ideal ohmic occurring at the contact between 
metal and organic. Compared with the measured IV data of 
RGB OLED samples and the result of conventional OLED 
model, the new one successfully shows the physical 
meaning and simulation accuracy. This model is SPICE-
compatible and can be incorporated into circuit simulation 
without numerical difficulties.  

Keywords: equivalent circuit model, OLED, RGB, SPICE 
model, compact model, circuit simulation, high built-in 
voltage, non-ideal ohmic effect 

1 INTRODUCTION 

Recent technological advances include the development 
of display transparency and flexibility that create new ways 
to integrate displays. Organic light emitting devices 
(OLEDs) have been proposed in the fabrication of high-
brightness, high-quality, and low-power OLED-based 
display products [1-9]. OLED technology has also been 
shown that it has potential to overcome many of the 
limitations of existing display technologies. Continued 
improvements in advanced materials will enable OLED 
display manufacturers to enhance lifetime, stability, and 
light efficiency of display panels. Efforts are also under 
way to reduce the negative effects of heat, moisture, and 
dust on OLED performance. Diverse key materials are used 
in the organic emitter layers and the color of the emitted 
light depends upon the precise composition of the material. 
Red, green, and blue emissive materials can be used 
together to produce the full color spectrum. These 
improvements provide the product designer with the 
enhanced performance at lower cost. For examples, OLED 
technology offers the potential for bright, full color, high-
resolution displays with high contrast ratio and power 
efficiency. It is known that the brightness of the OLED is 
controlled by the current density of the device; therefore, 
precisely controlling the current density of active matrix 

array is required. However, the currently used OLED 
models have encountered accuracy issues in the SPICE 
circuit simulation [1-9]. Therefore, physical-based OLED 
models will benefit the design and fabrication display panel 
products in microelectronic industry.  

In this work, we propose a new physical-based OLED 
model for the electrical characteristics of the OLED devices. 
Our model considers the effect of high built-in voltage 
existing between the organic materials and the non-ideal 
ohmic effect occurring at the contact between metal and 
organic. Comparisons between the model and measurement 
for the OLED with red (R), green (G) and blue (B) three 
colors have shown very good accuracy. The significant 
improvement is mainly caused from the correction of the 
high built-in voltage and non-linear contact resistor effect. 
The new SPICE-compatible current-voltage model can be 
incorporated into OLED circuit simulation with numerical 
difficulties.  

This paper is organized as follows. In Sec. 2, we present 
the equivalent circuit model for OLED with three different 
colors, RGB colors. In Sec. 3, we compare the simulation 
results of the proposed OLED model with the conventional 
OLED model as well as the measured data from the 
fabricated samples. In Sec. 4, we draw the conclusions.  

2 THE PROPOSED EQUIVALENT 

CIRCUIT MODEL OF OLED DEVICES 

The structure of OLED used in our modeling, 
simulation, characterization, and measurement is shown in 
the figure 1. This structure of OLED has multilayer of 
materials. To accurately model the current-voltage (I-V) 
characteristics of OLEDs, we should consider the effect of 
high built-in voltage existing among the layers of organic 
materials and the effect of the non-ideal ohmic that occurs 
on the contact between metal and organic. As shown in Figs. 
2 and 3, the equivalent circuit of the new proposed OLED 
compact model is presented. The effect of high built-in 
voltage and the non-ideal ohmic effect are modeled with the 
variable resistance and the supplied battery. Shown in Fig. 
3, we tie a DC voltage source in series with the ideal diode. 
The linear resistance of the ideal diode is also changed to a 
non-linear resistance, which reflects the physical model the 
so-called Schottky barrier [10]. With adding those two 
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items into the ideal diode model, the new model can be 
directly incorporated into SPICE circuit simulator without 
any convergence problems. 

By using the developed equivalent circuit model of 
OLED with RGB colors, we have written the corresponding 
SPICE net list, shown in the table 1, and used in our OLED 
circuit simulation. The model parameters are extracted with 
the intelligent parameter extraction technique, which was 
developed in our recent work [11].  We compare the results 
between the output of the new model and measurement data 
of the fabricated samples. Comparison with the result of 
conventional OLED model is also discussed, shown in the 
next section.  

3 RESULTS AND DISCUSSION 

Figures 4-9 are the comparisons between the measured 
data and the output of conventional model in linear as well 
as log scales, for the OLED with R, G, and B three colors, 
respectively. It is found that the conventional model has a 
totally wrong electrical behavior compared with the 
measured data. Such deviation not only occurs at the cut-in 
region but also appears in the turn-on situation. As a result, 
the brightness of OLED can not be calculated for the 
electroluminescence intensity, because it is significantly 
dominated by the current density. 

From the modeling results shown in the figures 9-14, 
good agreement between the measurement and simulation 
is found from the proposed OLED model. The superior 
electrical characteristics are strongly correlated to the 
improved model accounting for the effects of the Schottky 
barrier and the high built-in voltage. Figures 9-14 exhibit 
the comparison results for the output of our model with the 
measured OLED data with the R, G, and B three colors, 
respectively. Dissimilar with the modeling results from the 
conventional diode model, our new model presents very 
good accuracy when describes the OLED physical 
characteristics in both the cut-in and the on-state regions.  

4 CONCLUSIONS 

In this paper we have for the first time proposed a novel 
OLED model which accounts for the electrical 
characteristics of RGB OLEDs successfully. The physical-
based model has considered the effect of high built-in 
voltage existing between the organic materials and the 
effect of non-ideal ohmic occurring at the contact between 
metal and organic. This model is SPICE-compatible and 
can be incorporated into circuit simulation without 
numerical difficulties. With having the accurate simulation 
results, the current flowing through the OLED circuit can 
be correctly simulated. Consequently, the brightness of the 
OLED panel can be exactly controlled without using the 
area consuming driving circuit which benefits the design 
and fabrication of OLED panels.  

5 ACKNOWLEDGMENTS  

This work is supported in part by the National Science 
Council of TAIWAN under contracts NSC-93-2215-E-429-
008 and NSC 93-2752-E-009-002-PAE, and the grant of the 
Ministry of Economic Affairs, Taiwan under contract No. 
92-EC-17-A-07-S1-0011 and 93-EC-17-A-07-S1-0011.  

REFERENCES 
[1] B. Ruhstaller, S. A. Carter, S. Barth, H. Riel, W. 

Riess, and J. C. Scott, “Transient and steady-state 
behavior of space charges in multilayer organic 
light-emitting diodes,” J. Appl. Phys., 89, 4575, 
2001.

[2] J. C. Scott and G. G. Malliaras, “Charge injection 
and recombination at the metal-organic interface,” 
Chem. Phys. Lett., 299, 155, 1999.  

[3] U. Bach, K. De Cloedt, H. Spreitzer, and M. Grätzel, 
“Characterizationof hole transport in a newclass of 
spiro-linked oligotriphenylamine compounds,” Adv. 
Mater., 12, 1060, 2000.  

[4] S. Barth, P. Müller, H. Riel, P. F. Seidler,W. Riess, 
H. Vestweber, and H. Bässler, “Electron mobility in 
Alq thin films determined via transient 
electroluminescence from single- and multilayer 
organic light emitting diodes,” J. Appl. Phys., 89, 
3711, 2001. 

[5] A.Chouwdhury and A. J. Pal, “Transient 
electrolumine-scence from rubrene light-emitting 
diodes using double voltage pulse,” Synth. Met., 
106, 85, 1999.  

[6] V. R. Nikitenko, V. I. Arkhipov, Y.-H. Tak, J. 
Pommerehne, H. Bässler, and H.-H. Hörhold, “The 
overshoot effect in transient electroluminescence 
from organic bilayer light emitting diodes: 
Experiment and theory,” J. Appl. Phys., 81, 7514, 
1997.  

[7] T. A. Beierlein, H.-P. Ott, H. Hofmann, H. Riel, B. 
Ruhstaller, B. Crone, S. Karg, andW. Riess, 
“Combinatorial device fabrication and optimization 
of multilayer organic LEDs,” in Proc. SPIE 46th

Annu. Meeting Optical Sci. Tech., 4464, 178, 2002.  
[8] T. A. Beierlein, B. Ruhstaller, D. J. Gundlach, H. 

Riel, S. Karg, C. Rost, and W. Riess, “Investigation 
of internal processes in organic lightemitting 
devices using thin sensing layers,” Synth. Met., 138, 
213, 2003. 

[9] Y. He, R. Hattori, and J. Kanicki, “Current-source a-
Si:H thin film transistor circuit for active matrix 
organic light emitting displays”, IEEE Elec. Dev. 
Lett., 21, 590, 2000.  

[10] S. M. Sze, Physics of semiconductor devices. 
Wiley-Interscience, New York (1981). 

[11] Y. Li and Y.-Y. Cho, “Intelligent BSIM4 Model 
Parameter Extraction for Sub-100 nm MOSFETs 
era,” Jpn. J. Appl. Phys., 43, 1717, 2004.  

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-2-2 	Vol. 3, 2005104



Figure 1: An illustration of the device structure of  OLED 

Table 1. A set of  the SPICE net lists used in our OLED 
modeling and simulation. 

Figure 2: The conventional diode model used in SPICE 
OLED circuit simulation.  

Figure 3: The new proposed OLED model. 

V (volt)
0.0 1.5 3.0 4.5 6.0

J 
(A

/m
2 )

0

35

70

105

140
Measurement
Model

Figure 4: The IV curves of the red OLED with the 
conventional model.  
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Figure 5: The IV curves of the red OLED with the 
conventional model in the log scale.  
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Figure 6: The IV curves of the green OLED with the 
conventional model.  
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Figure 7: The IV curves of the green OLED with the 
conventional model in the log scale.  

.SUBCKT OLED p n area1=1e-6 pj1=1e-6 
D1 p1 n1 Diode area=area1 pj=pj1 
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Figure 8: The IV curves of the blue OLED with the 
conventional model. 
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Figure 9: The IV curves of the blue OLED with the 
conventional model in the log scale.  
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Figure 10: The IV curves of the red OLED with our new 
model. 
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Figure 11: The IV curves of the red OLED with our new 
model in the log scale.  
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Figure 12: The IV curves of the green OLED with our new 
model. 
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Figure 13: The IV curves of the green OLED with our new 
model in the log scale.  
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Figure 14: The IV curves of the blue OLED with our new 
model. 
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Figure 15: The IV curves of the blue OLED with our new 
model in the log scale.  
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