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 Organic semiconductors are soft and ductile

 Organic semiconductors have narrow absorption bands

 Organic semiconductors, in particular dyes have high absorption 
coefficients exceeding those of inorganic semiconductors by 100 times

 The properties of organic semiconductors can be tuned almost arbitrarily 
(absorption, solubility, crystallinity)

 Organic semiconductors are normally insulators. Conductivity can be 
achieved by chemical/physical doping.

 Organic semiconductors have a low charge carrier mobility, which is smaller 
by  3 to 6 orders of magnitude compared to inorganic semiconductors

Properties of organic semiconductors
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Development of organic solar cells
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Solarmer

Polymer bulk-heterojunction concept
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Heliatek

Small molecule multilayer architecture
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Photographic dyes as organic semiconductors for 
solar cells

 Extremely strong absorption

 Narrow absorption bands from 
the UV to the NIR

 Synthesis is known (upscaling 
possible)

 Cost efficient (about 1% of 
polymer materials)

 Well soluble (compatible with roll 
to roll processing)
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T. Geiger et al., Macromol. Rapid Commun. 2008, 29, 651–658
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Ultrathin absorber layers

pristine
doped 0.02 mol/mol NOBF4 absorption Bilayer device

Fan B., Castro F. A., Heier J., Hany R., Nüesch F., Org. Electron., 11, 2010, 583-588
Hany R. et al., Prog. Photovoltaics 2011, 19, 851-857
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Ionic dyes for organic solar cells

Empa licensed



Materials Sci ence & Technolog yDay of Chemistry, ZHAW Wädenswil, 21.6.2012 15

Effect of counterions in bilayer cyanine devices
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Formation of ionic junctions
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Lifetime of organic solar cells

M. Jorgensen et al.,  Adv. Mater. 2012, 24, 580–612

Suren A. Gevorgyan et al., Solar Energy Materials & 
SolarCells, 95 (2011)1398–1416.
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R2R processing 

Flexible substrates are needed 
-> cheap barrier layers
-> cost efficient, flexible and transparent electrode
-> integrated bus bars

Low costs by high throughput (small depreciation)
-> R2R fabrication of substrates
-> R2R of the photoactive layers
-> R2R production of encapsulation layers

first pruducts: charging bag solar cell from Konarka
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Development of fabric electrodes (CTI project)

19

W. Kylberg, F. A. de Castro, P. Chabrecek, U. Sonderegger, B. Tsu-Te Chu, F. Nüesch, R. Hany, 
Advanced Materials 2011, 23, 1015-1019
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New developments in dye sensitized solar cells

24.02.12 - The Interdisciplinary Committee of the World Cultural 
Council has selected Prof. Michael Grätzel as the winner of the 
ALBERT EINSTEIN World Award of Science 2012
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«Transparent" dye sensitized solar cells

N

O

-O

N+

O

HO

300 400 500 600 700 800 900 1000
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

 AM1.5

Sp
ec

tr
al

 Ir
ra

di
an

ce
 /

 W
m

-2
nm

-1

wavelenght / nm

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

A
 /

 a
.u

.

UV Vis NIR

Dyes in solution
HOMO

LUMO

visible red NIR

Synthesis

modeling

demonstrators

 photovoltaic windows
 flexible, transparent PV active films
 tandem solar cells

absorption of squaraine dyes

synthesis

solar cell fabrication

Materials Sci ence & Technolog y

T. Geiger et al., Adv. Funct. Mater. 2009, 19, 2720–2727
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Verkehrshaus der Schweiz (2012)

http://youtu.be/UkLJKqw7zrs
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Novel redox mediators

Jun-Ho Yum et al.,  nature 
communications | 3:631 | 2011

12.3% using porphyrin dye

Aswani Yella et al., SCIENCE VOL 334 (4), p. 629, 2011

Materials Sci ence & Technolog y



Day of Chemistry, ZHAW Wädenswil, 21.6.2012

New electrolyte systems

 liquid
 small vapor pressure
 good ion diffusion 1 sun

0.3 sun
0.1 sun

Irradiation with 0.8 sun/ 60°C

R. Harikisun, H. Desilvestro / 
Solar Energy 85 (2011) 1179–1188

Stability tests at 60oC conducted 
by Toyota Research(Asin)
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