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Investment costs in €/W can be lowered by 

lower fabrication costs or higher efficiencies

I., II. and 

III. Generation PV 

Source: modified after W. Hoffmann, 

EPIA and M. Green, UNSW



Source: NREL





Outline

6.8 Organic and Perovskite Solar Cells

6.8.1 Organic Semiconductors

6.8.2 Low Bandgap Materials

6.8.3 Semitransparent and Tandem Solar Cells

6.8.4 OPV Industry

6.8.5 Perovskite Solar Cells



Conjugated Polymers

Materials for Organic Semiconductor Devices

Deposition from a solution

„Polymer Solar Cells)“

Merck (Covion) PPV Co-Polymers

Polyfluorene Sumitomo (Dow)

„Lumation“

„Small Molecule Solar Cells “

Small Molecules



Thin Film Deposition

Spin CoatingSpin Coating

RakelnRakeln

Ink Jet PrintingInk Jet Printing

DippingDipping

Conjugated Polymers

Source: H. Antoniadis, Osram OS

Evaporation of small molecules



Thin film deposition in the laboratory

Polymer-Deposition in inert-gas

glove boxes by spin coating
Evaporation chamber at LTI



300 mm roll-to-roll (R2R)-

printing at KIT

Thin film coating/printing on a larger scale



Thin film deposition: Evaporation

Source: FhG IPMS, Dresden



Electronic states in molecules 

 delocalized p-electrons

like in benzene are needed

sp2-

hybrid orbitals

pz-orbitals

form p-orbitals

Electronic and Optoelectronic Properties?



Emission vs. Absorption
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-Spectrally broad (?) emission bands

-Spectrally narrow(?) absorption bands 



Localized states in a disordered organic semiconductors

Alq3

Electronic transport in OLED & OPV materials is determined 

by the localized nature of the electronic states. 



Current flow through external 

load

Light is absorbed

Generation of mobile carriers

Seperation of carriers (e.g. 

with pn-junction)

induces voltage at contacts

Grundprinzip Si-Photovoltaik

n-Emitter (<1μm) p-Basis (~300μm)

BSFFront-

Kontakt

Rück-

Kontakt

Reminder:

Operational principles of a silicon solar cell
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The problem of exciton dissociation

Device Scheme:

Dissociation process:

A
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Binding energy is 

on the order of 0.5 eV



-

+

EB = 0,4…1,4 eV

-

Organic Solar Cells

We need heterojunctions!



Tang, C. W. "Two Layer Organic Photovoltaic Cell" , Appl. Phys. Lett. 48, 183  (1986).

C.W. Tang, Kodak, 1985

1 % at AM 2

History: The Tang-cell: First demonstration 

of efficient dissociation at an internal interface
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From a bilayer to a bulk heterojunction

„Bulk-Heterojunctions“

„Interpenetrating Networks“

The whole layer is 

contributing to the 

photocurrent generation.

Bilayer: 

-the active layer of the device is 

limited to the diffusion length

(10-20 nm) 

-only the interface is contributing 

to the quantum efficiency



-

+

EB = 0,4…1,4 eV

-

Organic Solar Cells

Bilayer Heterojunction Bulk Heterojunction

A particularly well working combination: Fullerenes + Conjugated Polymers
N.S. Sariciftci, L. Smilowitz, A. J. Heeger, F. Wudl, Science, 258, 1474 (1992)

S. Morita, A.Zakhidov, K. Yoshino, Solid State. Commun. 82, 249 (1992)



P3HT:PCBM

PEDOT:PSS

Cathode
200 nm

Substrate (Glass)

Absorber
200 nm

Hole conductor
20 nm

Anode (ITO)
125 nm

Organic Solar Cells
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Electronic band diagram of a bulk heterojunction solar cell



Uli Lemmer23

Nanostructure is crucial ..

… but depends on pretty much every deposition parameter

ex-situ  (dried samples)

and

in-situ /online (during deposition/drying)

are needed



P3HS

Nanomorphology of polymeric solar cells

HAADF:

High angle annular dark field



Uli Lemmer25

Evolution of polymer-fullerene structure

Evolution of structure:

P3HT nucleation at interface (substrate or/and air)

P3HT crystal growth (squeezes out PCBM / increasing orientation distribution)

PCBM enriches in the amorphous P3HT regions and aggregates

B. Schmidt-Hansberg, M. Sanyal, M.F.G. Klein, M. Pfaff, N. Schnabel, S. Jaiser, A. Vorobiev, E. Müller, A. Colsmann, P. Scharfer, D. Gerthsen, U. 

Lemmer, E. Barrena, W. Schabel

Moving through the phase diagram: morphology formation in solution cast polymer–fullerene blend films for organic solar cells

ACS Nano 5, 8579–8590 (2011)

http://pubs.acs.org/doi/abs/10.1021/nn2036279
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Low bandgap polymers
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Donor       + Acceptor    internal charge transfer complex

in which the whole polymer acts

as an electron donor

HOMO
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Low bandgap polymers

Source: Sista et al., Energy Environ. Sci. 4, 1606 (2011)





Efficient low band organic solar cells @ LTI  (2016)

J. Czolk (submitted)
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Source: Heliatek

Semitransparent solar cells



Semi-transparent solar cells

Collaboration with J. Hanisch et al., ZSW Stuttgart



Semi-transparent solar cells

A. Colsmann et al. Adv. Energy Mat. 

(DOI: 10.1002/aenm.201000089)



PSBTBT Transmission vs. Solar Spectrum



Energy band diagram of an organic tandem solar cell

p- and n- doped intermediate layers are

necessary



Organic tandem solar cell



Light Technology Institute38 24.06.2016

Metal oxide interlayers

[A. Pütz, Org. Electr. 13 (2012) 2696–2701]

Zinc acetyl acetonate hydrate

ZnO
100°C



Light Technology Institute39 24.06.2016
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Source: www.konarka.com







www.solarbag-shop.de

The first Konarka product (2009) 







www.solarte.de



www.heliatek.de





Heliatek‘s Technology





Feb 08, 2016
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Building integration

Mechanical flexibility 

Energy harvesting 

for

sensor networks
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- start with TiO2-layer (via spray pyrolysis)

- spin coat PbI2 from solution

- dip into CH3NH3I in 2-propanol

- CH3NH3PbI3 perovskite crystals are formed

- spin coat hole transport layer on top
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