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1. Structure and operating principles of 
the basic semiconductor p-n junction.

2. Mechanisms of charge carrier 
generation and extraction under 
sunlight.

3. Key electrical parameters used to 
evaluate solar cell performance.

4. Primary optical and electrical loss 
mechanisms that limit overall 
efficiency.
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Semiconductors

Temperature Light Doping

More free electrons:
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Semiconductors

Temperature Light Doping

More free electrons:

Energy of the photon must be higher than the energy gap 

of the semiconductor. 
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Doping

By VectorVoyager - Own work, This file was derived from:Silicon doping - Type N.svg:Silicon doping - Type P.svg:, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=143827182
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P-n junction - light
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I-V curve

PMAX

𝑃 = 𝑈 × 𝐼

𝑃𝑀𝐴𝑋 = 𝑈𝑀𝐴𝑋 × 𝐼𝑀𝐴𝑋
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I-V curve

PMAX

𝑃 = 𝑈 × 𝐼

𝑃𝑀𝐴𝑋 = 𝑉𝑀𝐴𝑋 × 𝐼𝑀𝐴𝑋

ISC

VOC

IMAX

VMAX

𝐹𝑖𝑙𝑙 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐼𝑀𝐴𝑋 × 𝑉𝑀𝐴𝑋

𝐼𝑆𝐶 × 𝑉𝑂𝐶
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Efficiency

PMAX

𝑃 = 𝑈 × 𝐼

𝑃𝑀𝐴𝑋 = 𝑉𝑀𝐴𝑋 × 𝐼𝑀𝐴𝑋

ISC

VOC

IMAX

VMAX

𝐹𝐹 =
𝐼𝑀𝐴𝑋 × 𝑉𝑀𝐴𝑋

𝐼𝑆𝐶 × 𝑉𝑂𝐶

𝜂 =
𝐹𝐹 × 𝐼𝑆𝐶 × 𝑉𝑂𝐶

𝑃𝑖𝑛
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Efficiency - losses Optical

Reflection

Electrical

Kim, M.S., Lee, J.H. & Kwak, M.K. Review: Surface Texturing Methods for Solar Cell Efficiency Enhancement. Int. J. Precis. Eng. Manuf.21, 1389–1398 (2020). https://doi.org/10.1007/s12541-020-
00337-5

https://www.pveducation.org/pvcdrom/design-of-silicon-cells/anti-reflection-coating-color
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Efficiency - losses Optical

Reflection

Shadowing

Electrical

https://www.pveducation.org/pvcdrom/design-of-silicon-cells/silicon-solar-cell-parameters

https://upload.wikimedia.org/wikipedia/commons/9/90/Solar_cell.png
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Efficiency - losses Optical

Reflection

Shadowing

Incomplete absorption

Electrical

https://www.wtamu.edu/~cbaird/sq/images/sunlight_wavelength.png

𝐸𝑔 𝑜𝑓 𝑆𝑖 = 1.12 𝑒𝑉
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Energies 2024, 17(7), 1520; https://doi.org/10.3390/en17071520
Koffi, H. A., A. A. Yankson, A. F. Hughes, K. Ampomah-Benefo, and J. K. A. Amuzu. 2020. “Determination of the Series Resistance of a Solar Cell through Its Maximum Power Point.” African Journal of 
Science, Technology, Innovation and Development 12 (6): 699–702. doi:10.1080/20421338.2020.1731073.

https://doi.org/10.3390/en17071520
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