
Chapter 3. Organic photovoltaics

(solar cell principle)



What is PV?

Light energy (photons) Electrical energy

When sunlight is absorbed by some materials, the solar energy knocks electrons loose 
from their atoms, allowing the electrons to flow through the material to produce 
electricity. This process of converting light (photons) to electricity (voltage) is called 
the photovoltaic (PV) effect.



Introduction – Solar cell (photovoltaic)
At earth’s surface average solar energy is ~ 4 x 1024 J / year
Global energy consumption (2001) was ~ 4 x 1020 J / year (increasing ~ 2% annually)

In US, average power requirement is 3.3 TW.
With 10% efficient cells we would need 1.7% of land area devoted to PV (~ area 
occupied by interstate highways)

Source: DOE (U.S. Department of Energy) Source: N. Lewis (Caltech)



History

• 1839 : Finding of Photovoltaic effect with liquid (Edmond becquerel)
• 1876 : Photovoltaic effect in a solid (Heinrich Hertz)
• 1883 : Se solar cell (C. Fritts)
• 1930 : Research of Cu2O/Cu solar cell 
• 1941 : Patent of Si solar cell (R. Ohl) 
• 1954 : Crystalline Si solar cell (Bell Lab.) ; 4 % efficiency   
• 1958 : Using as assistant power in the spaceship (Vanguard I ) ; 5 mW
• 1973 : oil crisis
• 1980 : solar cell using CdTe, CuInSe2 ,TiO2 etc.
• 1997 : world product 100MWp 
• 2000 : research of an advanced materials and structures

(dye sensitized solar cell, organic solar cell)
 cheap process , flexible substrate



PV effect

In a conventional semiconductor, light 
absorption generates an electric field that 
separates the photo-induced charges. Ec
and Ev are the energies at the conduction 
and valence bands, respectively. 
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ISC : Short-circuit current
 Current value when  V = 0

VOC : Open-circuit voltage
 Voltage value when I = 0

P : Power output of the cell
P = IV

F.F : Fill factor

Under AM 1.5G simulated solar illumination
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Classification of solar cells



PV efficiency



Distribution of solar cell production by materials



Various kinds of solar cells



Why OPVs?
Advantages of Organic PVs (OPVs)
-Processed easily over large area using

-spin-coating
-doctor blade techniques (wet-processing)
-evaporation through a mask (dry processing)
-printing

-Low cost
-Low weight
-Mechanical flexibility and transparency
-Band gap of organic materials can be
easily tuned chemically by incorporation
of different functional group



Source: Siemens AG

Why OPVs?



Why OPVs?



OPV applications



OPV applications



OPV systems



OPV systems



OPV systems



OPV in building



OPV efficiency



Requirements of OPVs for commercialization

Source: Siemens AG



Requirements of OPVs for commercialization



F.C. Krebs, et al., Solar Energy Materials (2008)

• Encapsulation will be 
needed.

• A UV filter will 
probably be needed.

• Many molecules are 
very stable in light.

Reliability



r=10 cm

1 kg/m2

t=1mm

Efficiency: 13.2%

T=50%
Efficiency=6%

Leading research group (Heliatek)



(33,290 hrs)(2.2)= 73,000 hrs or 8.4 years continuous use

At 5 hrs/day of peak sunlight, the lifetime is 40 years.

Light intensity
2.2 suns 

Temperature
48 ºC

Heliatek reliability study



Semiconductor polymers



Inorganic semiconductor



Inorganic semiconductor

The splitting of the n=1 state

Pauli exclusion principle

“No two electrons can have the same quantum number” 

• Interestingly, in a Si crystal when we bring 
individual atoms very close together, the s‐
and p‐orbitals overlap so much that they lose 
their distinct character, and lead to four mixed 
sp3 orbitals



Organic semiconductors



Organic semiconductors materials



1st organic solar cell



PV effect in conjugated polymer
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 Light is absorbed in the polymer layer

 Absorption creates a bound electron-hole 
pair (exciton)

 Exciton is split into separate charges which 
are collected at contacts

 Exciton must be seperated so that a photocurrent can be collected.

 Excitons dissociated by electron transfer to an acceptor material, or hole 
transfer to a donor.

 Simplest approach is to make a donor-acceptor heterojunction


