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3.46 PHOTONIC MATERIALS AND DEVICES 
Design Review #1D 

Efficient Silicon Solar Cell 

TeraTelecom has been founded to deploy communications hardware in remote regions 
that are not served by an electric power grid.  The company has decided to supply 
power locally by photovoltaic energy conversion of sunlight.  High conversion efficiency 
(electrical power/optical power) is the most important performance factor for the solar 
cells. You are the team assigned to provide solar electricity.  The first challenge in your 
critical path is Project PC (Photon Control) with the goal of optimizing sunlight 
absorption by coupling light into the cell and controlling its path length in the silicon to 
maximize absorption. 

Constraints
A.  There is a worldwide shortage of silicon feedstock, and you must use thin wafers 

for your solar cells to keep costs down.  Your manager has promised a 20% 

power conversion efficiency with a 100 m thick wafer. He does not understand 

design, but he has confidence in your team. 

B.  Your team has delivered 100% quantum efficiency in conversion with no contact 
shadowing with a novel backside contact design. 

C.  The incident photon wavelength range is the solar AM-1.5 spectrum. 

Plan and Design Actions 
Develop a photon control design that uses the absorbed fraction of incident light as the 
Figure of Merit. 

1. Determine the spectral convolution of AM 1.5 and the absorption spectrum of silicon; 
and decide what wavelength range is the subject of your design. 

2. Optimize the coupling of the incident light into silicon. 
3. Optimize the internal reflection of light in the silicon to increase path length. 
4. Create design plots of reflectivity vs. design variables and efficiency vs. design 

variables.

Project PC Deliverables 
1. A cross sectional view of your ‘photon control’ cell design with materials and layer 

thicknesses indicated. 
2. A final design that minimizes the silicon cell thickness and delivers 20% power 

conversion efficiency. 
3. Tell your manager that he “is very smart” or “needs some physics classes,” 

depending on your result. 
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