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Abstract

Introduction: Existing solar cell (photovoltaic, PV) device simulation software is either open
source with limited capabilities (1D only) [1,2] or extremely expensive with obscure
functionality [3]. PV researchers need an accessible and versatile simulation tool to optimize
existing technologies and to reduce the time from concept to prototype for new technologies.
This work demonstrates how COMSOL Multiphysics® software, with the latest version of the
Semiconductor Module, can be customized to provide an evolutionary step in solar cell
simulation. It unifies multiple physics modes (Figure 1), multiple dimensions/space scales (Figure
2) and multiple time scales.

The benefits over existing PV simulation software are that it facilitates higher dimensional
modeling (2D, 3D, time), and can be coupled with other physics including optical, thermal,
reaction-diffusion, etc. In addition, direct access to the terms in the partial differential equations
makes it possible to test alternative physical models (e.g. quantum effects, plasmonics, etc.). The
time-dependent solver features make it the first simulation tool that can predict both device
performance and long-term reliability; our recent work has demonstrated both [4,5]. No existing
software provides such broad functionality for PV device simulation.

Use of COMSOL Multiphysics: We will demonstrate the use of COMSOL software for PV
applications by simulating a benchmark, thin-film PV technology known as cadmium telluride
(CdTe). This initial demonstration of thin-film solar cell simulation employs the Semiconductor
Module and the Wave Optics Module. The Semiconductor Module is the first that employs the
numerical methods necessary for handling heterostructures in a robust way (essential for most PV
devices). However, it is not set up for PV applications and a major goal of this work is
customization to include: (i) mechanisms that are peculiar to thin-film semiconductors; (ii)
interaction with light (via the optics module), (iii) proper accounting of defect occupations and
charge states; and (iv) standard diagnostic outputs that are common in the PV industry; post-
processing with LiveLink™ for MATLAB® can assist with the latter.

Results: Our results thus far are promising for CdTe thin-film solar cells. The standard
diagnostics of current-voltage (JV) and quantum efficiency (QE) are shown in Figures 3 and 4,
respectively. There it is shown that the COMSOL software results are in good agreement with a



well-known 1D PV simulator [2]. We have also shown that user-defined physics can be used to
simulate long-term performance degradation [4,5]. Future results will include additional PV
metrics, other PV technologies, and larger space scales.

Conclusions: This work is a first step towards a simulation platform that could become ubiquitous
in the PV industry. Broad adoption would be encouraged by establishing a customized module,
possibly using the new Application Builder, and baseline models for several well-known PV
technologies.

Paper Highlights:
- COMSOL Multiphysics® software is used to simulate photovoltaic devices.
- Innovative electronic and optical design features can be explored.
- Modeling capabilities span from the nanometer tothe meter scale.
- Initial device performance and temporal changes can be studied with customizable physics.
- Non-uniformity effects can be studied at the micro-diode, cell, and module scales.

Reference

[1] S. J. Fonash, AMPS-1D User Manual, University Park, PA: The Pennsylvania State
University, 1997.

[2] M. Brugelaman, P. Nollet, and S. Degrave, "Modelling polycrystalline semiconductor solar
cells," Thin Solid Films, vol. 361, no. 21, p. 527-532, 2000.

[3] Synopsis, "Sentaurus Device Overview," [Online]. Available:
http://www.synopsys.com/tools/tcad/devicesimulation/Pages/SentaurusDevice.aspx. [Accessed
February 2014].

[4] M. Nardone and D. S. Albin. "Degradation of CdTe Solar Cells: Simulation and Experiment"
Photovoltaics, IEEE Journal of, vol. 5.3, pp. 962-967, 2015.

[5] M. Nardone, "Towards understanding junction degradation in cadmium telluride solar cells,"
Journal of Applied Physics, vol. 115, p. 234502, 2014.



Figures used in the abstract

Figure 1: Multiple physics modes that can be coupled for PV simulation.

Figure 2: Multiple space scales starting from micron scale diodes to an interconnected, large-
scale system.

Figure 3: Correspondence between dark and light JV curves calculated using COMSOL
software and SCAPS software for the baseline CdTe cell.



Figure 4: QE calculations for the CdTe cell. Slight differences in QE between COMSOL
results and SCAPS results are due to variations in optical input parameters.


