
Strategies to Improve Solar Technology

• Lower Cost

• Increase Power Efficiency





Basic Types:

p-n homojunction

p-n heterojunction

Schottky Junction

Donor-Acceptor



FeS2

Cu2S

Single-cell Theoretical

Maximum Efficiency





First Generation:

Single crystal silicon (c-Si)

Second Generation: Lower Cost

Amorphous and Polycrystalline Si

Cadmium Telluride

Copper Indium Gallium DiSelenide (CIGS)

Photoelectrochemical Cells

Organic Solar Cells

Dye Sensitized Cells

Third Generation: Higher Efficiency

Quantum Dot Solar Cells

Tandem Solar Cells

Thermophotovoltaics













Material Availability













Towards Higher Efficiency Photovoltaics



Limits to to Detailed Balance (the Shockley-Queisser Limit)







Multiple Junction Approaches to High Efficiency



Other Approaches to High Efficiency



Multiple Spectrum Solar Cell Devices



Multiple Spectrum Solar Cell Devices



Energy Down Conversion: Quantum Cutting

High energy photons create multiple lower energy photons



Other Approaches to High Efficiency



Multiple Exciton Generation and/or Two-Photon Absorption



Other Approaches to High Efficiency



Extracting Higher energy electrons



Extracting Higher energy electrons



Other Approaches to High Efficiency













Fabrication of high efficiency

triple-junction cells requires MBE

















Other Concentrator Options:

Luminescent Solar Concentrators

Thermophotovoltaics


