
Effects of Carrier Escape and Capture 
Processes on Quantum Well Solar Cells

Dr. Chin-Yi Tsai
Department of Applied Physics

National University of Kaohsiung Kaohsiung, Taiwan

Dr. Chin-Yi Tsai

E-Ton Solar Technology, No. 492, Sec. 2, Bentian Rd., Tainan,709 Taiwan



Special thanks to all the members of the 
R&D department of the E-Ton Solar 
Tech. Ltd.  This work is partly 
supported by the National Science 
Council of Taiwan. 

Special Thanks



Solar Irradiance

5800 K black-body radiation

AM 0

AM 1.5 normalized to 1000 W/m2

AM 1



Methods to Catch More Sun Light:
Different Materials for Different Wavelength

GaAsInAs



Methods of Integration

Mechanically stackedMechanically stacked MonolithicMonolithic

TandemTandem

Embedded
Quantum wells, wires, 
dots, boxes, …,Nano-

Embedded
Quantum wells, wires, 
dots, boxes, …,Nano-

Sun light Sun light Sun light



Quantum Well Solar Cells
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Carrier Dynamics in QW Solar Cells
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Design Issue: Potential Depth of QWs
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Theoretical Model Without Escape and 
Capture Processes:

The Superposition of Photocurrent and Dark Current
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Theoretical Model With Escape and Capture Processes:
Rate Equations of The Charge-Control Model
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Carrier Escape from a QW

• Phonon-assisted
• Photon-assisted
• Carrier-assisted

– Intraband
– Interband (Auger)

• Direct tunneling

photon
phonon



Previous Work in QW Lasers



Previous Work in QW Lasers

Current theoretical works in QW solar cells keep breaking down!!!



Carrier Transport: Drift and Diffusion









Conclusion

• Solar cells with very deep QWs will suffer from extremely 
slow escape processes and their photocurrent can even be 
inferior to their bulk counterparts.

• There exists an optimal band gap energy of a QW material for 
achieving maximum photocurrent.

• Only if the escape time is at least two-order of magnitude 
larger than the carrier lifetime in QWs, then solar cells have 
the benefits from QW structures.

• Similar models can be applied to other problems, such as 
quantum dot, intermediate bands, or nano-materials.


