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Fundamentals of Photovoltaic Conversion and Solar Cell Performance

Outline

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

> More free electrons: >

>Temperature>> Light >> Doping >
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Semiconductors

> More free electrons: >

>Temperature>> Light >> Doping >

Energy of the photon must be higher than the energy gap
of the semiconductor.
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Doping
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P-n junction

p-type

— N N NN NN BN NN NN BN BN B B NN NN NN NN NN N BN BN B S S R

~— B NN N N NN BN BN NN BN NS BN NN BN NN NN NN BN BN BN BN BN B R S

|
Depletion region

Positivly charged ion

® Electron

® Hole



Fundamentals of Photovoltaic Conversion and Solar Cell Performance ‘ Negativly charged ion

P_ N J un Ct | on ‘ Positivly charged ion

® Electron

p-type

® Hole

(—

Built-in electric field




Fundamentals of Photovoltaic Conversion and Solar Cell Performance ‘ Negativly charged ion

P_n Junctlon _ Ilght ‘ Positivly charged ion

® Electron

® Hole

(—

Built-in electric field




Fundamentals of Photovoltaic Conversion and Solar Cell Performance ‘ Negativly charged ion

P_n Junctlon _ Ilght ‘ Positivly charged ion

® Electron

® Hole

(—

Built-in electric field




Fundamentals of Photovoltaic Conversion and Solar Cell Performance ‘ Negativly charged ion

P_n Junctlon _ Ilght ‘ Positivly charged ion

® Electron

® Hole

Open-circuit voltage - V¢

(—

Built-in electric field




Fundamentals of Photovoltaic Conversion and Solar Cell Performance ‘ Negativly charged ion

P_n Junctlon _ Ilght ‘ Positivly charged ion

-@- ® Electron

Short-circuit current - I ® Hole
® ® ®
OREON
® @°
® o

® ©®

o

® ©

® O

(—

Built-in electric field




Fundamentals of Photovoltaic Conversion and Solar Cell Performance

|-V curve

-04 -0.2 0 0.2 0.4 0.6 0.8



Fundamentals of Photovoltaic Conversion and Solar Cell Performance

|-V curve
4 I I I I I
< )
2k -
l
_4 | 1 1 1 I

-04 -0.2 0 0.2 0.4 0.6

0.8



Fundamentals of Photovoltaic Conversion and Solar Cell Performance

|-V curve

P=UXI

Pyax = Upax X Iyax




Fundamentals of Photovoltaic Conversion and Solar Cell Performance

|-V curve

P=UXI

Pyax = Vmax X Iyax

| (A)

Injax X Vigax
Is¢c X Voc

Fill Factor =




Fundamentals of Photovoltaic Conversion and Solar Cell Performance

Efficiency
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Efficiency - losses
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Efficien cy - losses Optical Electrical

60 - Reflection

__ 50+
)
€ 40 -
'S Bare silicon
%
3 30 -
5 Single layer ARC |
O I
B a g, b
g 20 / 7 (a) i (b)
@ Textured —
= 10 - surface + ;
single layer Double layer ARC :
ARC :
0 - - : . d :_92
0.2 04 0.6 0.8 1.0 1.2 }

Wavelength (um) !

(c) (d)

Kim, M.S., Lee, ).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



Electrical
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Efficiency - losses Optical Electrical

Reflection

Shadowing

Incomplete absorption

Sunlight spectrum in space as a function of wavelength
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Thank you for your attention!
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