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ABSTRACT 

This paper presents research efforts conducted at the 
Naval Postgraduate School in the development of an 
accurate, physically-based solar cell model using the 
general-purpose ATLAS device simulator by Silvaco 
International. Unlike solar cell models based on a 
combination of discrete electrical components, this novel 
model extracts the electrical characteristics of a solar cell 
based on virtual fabrication of its physical structure, 
allowing for direct manipulation of materials, dimensions, 
and dopings. tn addition. our model has the ability to 
accurately simulate more advanced solar cell design 
features including doping gradients, optical properties, 
back-surface fields, back-surface reflectors, windows, 
carrier traps, contact grid shading and complex light 
spectra. Available outputs include I-V characteristics, 
photogeneration mapping, and spectral response. The 
operation of the ATLAS software is described in detail and 
our model is applied to known single junction and 
multijunction solar cell designs. The results of the solar 
cell simulation in ATLAS are compared and shown to be 
similar to published experimental results. 

INTRODUCTION 

Current solar cell simulation tools typically use 
discrete components to modef one aspect of solar cell 
operation. These can be very accurate predictors of 
specific characteristics, but lack the breadth of a complete 
model and are thereby limited in their usefulness as 
design tools. This paper will introduce the ATLAS device 
simulator by Silvaco International for use in modeling solar 
cells. The ATLAS software tool was developed by Silvaco 
to be used far the design of solid state microelectronic 
devices. Our research has expanded on a 
photogeneration capability (included in ATWS for the 
sirnulation of photodiodes) to accurately model complex 
photovoltaic structures. The result is a complete, 
physically-based solar cell model. 

MODELING SOFTWARE 

ATLAS predicts the electrical characteristics of 
physical structures by simulating the transport of carriers 
through a two-dimensional grid. To enter the structure 
and composition of a solar cell into ATLAS, several 
parameters must be defined. These include the definition 
of a fine, two-dimensional grid, called a mesh (Fig. l), a 

coarser division of the mesh into regions, assignment of 
materials to each region (Fig. 2), identification of electrode 
locations, assignment of doping levels to each material, 
and specification of a light spectrum for simulation. 

Fig. 1. ATLAS 2D mesh structure. 

Fig. 2. InGaP-on-GaAs cell in ATLAS. 
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Once the physical structure of a solar cell is built in 
ATLAS, the properties of the materials used in the cell 
must be defined. A minimum set of material properties 
data includes: bandgap, dielectric constant, electron 
affinity, densities of conduction and valence states, 
electron and hole mobilities, optical recombination 
coefficient, and an optical file containing the wavelength 
dependent refractive index n and extinction coefficient k 
for a material. The optical file is vital to the simulation of 
muftijunction solar cells as it determines the transmission 
and attenuation of light passing through the 
semiconductor. The n and k values for many materials 
are well known. 

ATLAS includes a wide selection of models that can 
be employed in device simulations. These models can be 
enacted for the entire device or for a specific region. 
Relevant models include SRH recombination, Auger 
recombination, optical recombination and concentration- 
dependent mobility for silicon and gallium arsenide. 

The final ingredient in an ALTAS solar cell input deck 
is the definition of a light source (AM0 [Z ]  in this paper) 
though the use of a spectrum file consisting of the 
wavelength dependent irradiance (W/cmZ/pm). ATLAS 
can use a light source for multispectral or monochromatic 
simulations. 

SIMULATION 

Of primary importance to the simulation of a solar cell 
is the accurate modeling of electron-hole pair generation. 
LUMINOUS, the optoelectronic simulation module in 
ATLAS. determines the photogeneration at each mesh 
point in an ATLAS structure by performing two 
simultaneous calculations. The refractive index n is used 
by LUMINOUS to perform an optical ray trace in the 
device. Differences in n values across material 
boundaries determine the rate of light transmission and 
reflection. By following the path of light from the source to 
a mesh point, LUMINOUS is able to determine the optical 
intensity at that point. The extinction coefficient k is used 
to determine the rate of absorption and photogeneration 
(electron-hole pair generation) for the calculated optical 
intensity at each mesh point. Together, these simulations 
provide for . wavelength-dependent photogeneration 
throughout a solar cell. [I] 

RESULTS 

ATLAS has the capability to provide a wide variety of 
illustrative results for use in solar cell design. Figure 3 
shows a map of the potential and electrostatic fjeld 
distributions in a simple GaAs cell under AM0 illumination. 

1 i  I 

Fig. 3. (a) Potential and (b) electrostatic field for simple 
GaAs cell. [4] 

Figure 4 shows the wavelength-dependent 
photogeneration rate in a more complex LnGaPlGaAslGe 
triple-junction solar cell. Figures 5 and 6 compare ATLAS 
results for this cell with triple-junction results from 
SpectroLab. Inc. [3] ' 
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Fig. 4. Wavelength-dependent photogeneration. [4] 
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Fig. 5. l-V characteristics comparison. [4] 
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Fig. 6. Spectral response comparison. 141 

CONCLUSION 

The usefulness of ATLAS for current solar cell design 
and its implications for future advances cannot be 
overstated. The ability to intuitively modef advanced solar 
cells using virtual fabrication and then extract electrical 
characteristics from the physical structure under any fight 
spectrum will certainly streamline the solar cell design 
process. 
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