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Why Organic Solar Cells?

• Abundantly available raw material
• Low energy consuming fabrication techniques
• Environmental  friendly
• Low cost
• Flexible
• Lightweight

Power plastic , Konarka



Basic Operation
• Organic semiconductors
– Low exciton diffusion 
    lengths (10-20 nm)
– Poor charge mobilities 

• Very thin active layers
–   about 100 nm

• High charge recombination
     rates
• Low device efficiencies 
– 7-8% in best performing research cells
– Less than 5% in actual cells



Bulk Heterojunction (BHJ)
• Intermixed donor and acceptor polymers
– Ideally phases should be same length scale as exciton 

diffusion length
• Increased D/A interface
– Better exciton
    dissociation
– Increased active
    layer thickness

• Poor charge mobility
– Discontinuous donor
     and acceptor networks
– Poor crystallinity within individual material phases



Bulk Heterojunction

• Active layer
– Photogeneration

• Interface layers
– Charge blocking
– Reduce recombinations at end electrodes

• End electrodes
– Charge extraction



Active Layer Thickness
• Exciton diffusion length
• Charge carrier mobilites

• Optimal absorption of
     Solar energy

• Optimal
    solar cell
    performance

Decrease 
thickness

Increase 
thickness

Compromise between 
optimal absorption and 
optimal charge transport 



Active Layer Morphology
• Ideal BHJ
– Continuous percolation pathways for both donor and 

acceptor polymers
– Donor and acceptor phases with same size scale as exciton 

diffusion length
• BHJ morphology would depend on
– Polymer blend
– Solvent 
– Substrate 
– Fabrication technique/conditions
– Post fabrication processing
– Additives 
– Other external influences



Improving the BHJ

Effect of solvent used
Bagui & Iyer,

Post fabrication annealing
Ebadian et al,

Liquid crystal additive
Jeong et al,



Improving the BHJ
• The effect of solvent 
– Slow drying of active layer create better morphology in 

spin cast BHJs
– Solvents with higher evaporation temperatures are better 

• Heat treatment
– Post fabrication annealing of the active layer
– In the case of semi crystalline polymers better morphology 

and performance after annealing
– No improvements for amorphous materials

• Liquid crystals/ e-field treatment
– Better active layer morphology



Active Layer Charge Mobility
• Incorporate 1D nano conductors within the active 

layer
• Carbon nanotubes (CNT)
– Carrier mobility
– Mechanical flexibility
– Compatibility with 
    solution processing

• Random dispersion within active layer
– SWNT/MWNT
– Functionalized/pristine

• Electron / hole selectivity
• Uniform dispersion



Random dispersion of CNT in active 
layer

• Only a small amount of CNT possible (less than 1%)
• Negative effects

– Charge recombination (due to metallic nanotubes)
– Shunting of the device (due to bundles of tubes)
– Non optimal CNT alignment
– Discontinuity between CNT network and end electrodes

Lee et al, 



Optical Enhancers
Increase the effective optical thickness of the active layer 

while keeping the electrical thickness low
• TiO2 optical spacer
– Transparent oxide
     layer
– Keep the active layer
   away from low light intensity
    area near back electrode
– Electron extraction/ hole
    blocking layer
– Increase series resistance 

Kim et al,



Optical Enhancers
• Nanoparticles as light scatterers
– Random dispersion within
    active layer
– Increase the active layer
    absorbance
• Trap the light waves within
    active layer
• Size dependent performance

– Undesirable effects
• Charge recombination sites
• Shunting of the device

Spyropolous et al,



Future Directives
Interpenetrating electrode array

Orderly bulk heterojunction

• Directional alignment of 
CNTs
• Better connectivity to the 
end electrode
• Minimal shunting

  

• Optimal morphology
• No charge traps
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