
Solar cell operation is based on the photovoltaic effect:
The generation of a voltage difference at the junction of two 
different materials in response to visible or other radiation. 

1. Absorption of light - Generation of charge carriers 

2. Separation of charge carriers

3. Collection of the carriers at the electrodes

Solar cell operating principles



Solar cell operating principles

Thermodynamic approach:
Conversion of energy of solar radiation into electrical energy 

Two-step process:

1. Solar heat → Chemical energy of electron-hole pairs

2. Chemical energy → Electrical energy
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1. Solar heat → Chemical energy of electron-hole pairs
• Non-equilibrium carrier concentration
• Quasi-Fermi energies

equilibrium Non-equilibrium



χe

absorber

EF

Solar cell operating principles

Solar cell: • Absorber layer
• Semi-permeable membranes

EC

EV

-qψ

0

Χe electron affinity



χe

absorber

EFV

-µeh

Solar cell operating principles

Solar cell: • Absorber layer
• Semi-permeable membranes

EFC
EC

EV

-qψ

0



χe

absorber

EFV

-µeh

Solar cell operating principles

Solar cell: • Absorber layer
• Semi-permeable membranes

EFC

EC

EV

-qψ

0

EFC

χe

p-type

E



χe

absorber

Solar cell operating principles

Solar cell: • Absorber layer
• Semi-permeable membranes

EC

EV

-qψ

0

EFC

χe

p-type

-qVOC

E

χe

n-type

EFV



EFC

EC

EV

χe

-qψ
0

E

χe

χe

absorber

EFV

Solar cell operating principles

Solar cell: • Absorber layer
• Semi-permeable membranes
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How thick is the depletion region?

How big is the electric field in the depletion region?

Thermal equilibrium?

What happens when we apply voltage at the junction?

What happens when we illuminate the junction?

p-n junction
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ni=1.5×1010 cm-3   

NC=3.22×1019 cm-3   

NV=1.83×1019 cm-3

ND=1×1018 cm-3   

NA=1×1016 cm-3

εr=11.7

pp0 = NA=1×1016 cm-3  

np0 = n2
i/NA=2.25×104 cm-3
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Thermal equilibrium (T=300 K,  VA=0 V):
nn0 = ND= 1×1018 cm-3 

pn0 = n2
i/ND= 2.25×102 cm-3 
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k=1.38×10-23 JK-1   

q=1.602×10-19 cm-3   

ε0=8.854×10-14 Fcm-1
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p-n junction diode
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p-n junction diode
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p-n junction diode
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p-n junction diode
Applied voltage: Forward bias
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p-type Sin-type Si
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p-n junction diode
Applied voltage: Reverse bias
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p-n junction diode
Applied voltage: Reverse bias

injection
contact contact
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Application of bias voltage V
• Injection of minority carries

• Ideal diode dark current:
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Dark I-V characteristics

p-n junction diode
Applied voltage:



Illuminated p-n junction: Uniform generation rate G
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Illuminated p-n junction: Uniform generation rate G
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• Constant generation rate G

• Photocurrent:

( )heL LWLGAqI ++=

• Dark diode current:
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1. Absorption of photons  ⇒ generation of electron-hole pairs

2. Separation of carriers in the internal electric field created by 
p-n junction and collection at the electrodes ⇒
potential difference and current in the external circuit

3. Potential difference at the electrodes of a p-n junction ⇒
injection and recombination of carriers ⇒ losses

The resulting current in the external circuit: I =  IL - ID (V)
• photocurrent IL
• dark (diode) current ID

Solar cell operating principles


