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Functionality of Solar 

Cells – Main Losses
Perovskite Solar Cells Organic Solar Cells
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Photovoltaic Mechanism
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Step-Function Like Absorptance
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Radiative Recombination
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Balance Between Generation and Recombination
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Current Density and Power Density

vs. Voltage
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Shockley-Queisser Limit

Shockley and Queisser, J. Appl. Phys. (1961)
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Losses in Silicon Solar Cell ( ≈ 27 %)
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Which band diagram is a bad idea?
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Do we need a 

pn-junction to

make a solar 

cell?



Efficiency trends for different PV 

technologies
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Crystalline Si pn-junctions

Diffused emitters
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Crystalline Si solar cells

Heterojunction solar cells
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Halide-Perovskites
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Halide-Perovskite Solar Cells

Absorber layer
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CH3NH3

I, Cl, Br
Pb

Fabricated e.g. by spin coating



Halide-Perovskite Solar Cells

Hole transport layer
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poly(triaryl amine)

called PTAA



Halide-Perovskite Solar Cells

Electron transport layer
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poly(triaryl amine)

called PTAA

[6,6]-phenyl-C61-butyric 

acid methyl ester

called PCBM



Halide-Perovskite Solar Cells

Contacts
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Glass

ITO (Indium Tin Oxide)

Ag (Silver)



Halide-Perovskite Solar Cells

Performance
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Open Circuit
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Open circuit voltage Voc

Open circuit voltage is controlled 

by recombination (radiative or non-

radiative)
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Open Circuit
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Open circuit voltage Voc
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recombination
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Open Circuit
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Defect Positions

Antibonding valence bands
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kn
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How many 

defects exist 

per volume?

NT

Brandt et al., Chem. Mater. 29, 4667 (2017)
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Steady-State PL

Measuring indirectly the quasi-Fermi-level splitting

04.09.2020 29Stolterfoht et al. Nature Energy (2018)
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Steady-State PL

Measuring indirectly the quasi-Fermi-level splitting
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Stolterfoht et al. Nature Energy (2018)



Steady-State PL

Measuring indirectly the quasi-Fermi-level splitting
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Screening of contact layers for high Voc

Triple cation recipe from Potsdam University
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MAPI cells with PbAc2 recipe
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CH3NH3Pb(I0.8Br0.2)3 Solar Cells 

Difficulty of achieving Eg ~ 1.7 eV @ high Voc
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CH3NH3Pb(I0.8Br0.2)3 Solar Cells 
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Loss Analysis

Comparison to the SQ model
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…and associated losses
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Key remaining issues for perovskite PV

04.09.2020 39

Stability

Lead (Pb)



Organic Solar Cells
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Inorganic vs. Organic semiconductors
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Inorganic vs. Organic semiconductors
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Photoexcitation in inorganic vs. organic 

semiconductors
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Charge Transport
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Photon absorption → Exciton generation
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• Photon absorption
• Exciton generation
• Exciton diffusion

e- h+

exciton

polymer fullerene



Charge Separation

04.09.2020 46

• Charge transfer

h+
e-

charge transfer state



Charge Separation
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• Initial Charge 
separation
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electron
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• Final Charge 
separation

h+

e-

x

anode absorber cathode



Recent trends in solution processable PV

Non-Fullerene Acceptor Materials in Organic PV
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Novel acceptor materials (IDTBR, IDFBR)PBDTTT-EFT PCBM

Polymer:Fullerene Polymer:NFA
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Polymer:Fullerene Polymer:NFA
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Novel acceptor materials (IDTBR, IDFBR)PBDTTT-EFT PCBM
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Fullerene based vs. NFA based organic PV
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Key open questions

1) Understanding the limits of Voc vs. band gap
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Key open questions

2) Why do we need two materials but hardly any offsets?
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Key open questions

3) Using „green“ (= non-halogenated) solvents
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Key open questions

4) Thicker films without efficiency losses
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Important for industrial roll-to-roll production

Pic. From Lucera et al.Energy Environ. Sci (2016)



Summary
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Functionality of Solar 

Cells – Main Losses
•  < 33%

• Need some

asymmetry to

separate e and h 

Perovskite Solar 

Cells
• Efficient, high Voc, 

highly luminescent

• Low stability

• Lead is an issue

Organic Solar Cells
• Efficiency increases

rapidly during recent

years

• Lead-free

• Poor charge transport
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Thank you for your attention


