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( A SPICE-based 3-dimensional circuit model for Light-Emitting
Diode )
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Abstract

A SPICE-based 3-dimensional circuit model of LED(Light-Emitting Diode) was developed for the design optimization
and analysis of high-brightness LEDs. An LED is represented as an array of pixel LEDs with small preassigned areas,
and each of the pixel LEDs is composed of circuit networks representing the thin-film layers(n-metal, n- and p-type
semiconductor layers, and p-metal), ohmic contacts, and pn-junctions. Each of the thin-film layers and contact resistances
is modeled by a resistance network, and the pn-junction is modeled by a conventional pn-junction diode. It has been
found that the simulation results using the model and the corresponding parameters precisely fit the measured LED
characteristics.
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Cross-sectional view of LEDs on (a) conducting
substrate and (b) insulating substrate.
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(@) An aerial view of a typical GaN/Sapphire
blue LED and (b) magnified view showing the
formation of a pixel array.
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Fig. 4. Types of pixels representing various pixel
positions in an LED(n case of GaN/Sapphire
blue LED).
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Table 1. Parameter values of each pixel.

(In case of GaN/Sapphire biue LED)
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Table 2. Resistance and junction characteristics of the
GaN/Sapphire blue LED measured by TLM

pattern and test diode, respectively.
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