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Top 10 producers in 2007
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ranking thin-film manufactures 2007
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Photovoltaic technologies

(and their working principles)
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Different types of solar cells
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Excitonic and bipolar (classical) solar cells
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General charge separation scheme
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pin-type and pn-type devices

_

n-type
contact

p-type
contact

absorber

light

x
d0

x

++

_ x

Jx

Jn

Jp

EC

EV

_n-type
contact

p-type
contact

absorber

light

x
d0

x

+

+

_

x

bulk
dissociation

interface
dissociation

Jx

Jn

Jp

EC

EV

pin-type pn-type

T. Kirchartz, J. Mattheis, U. Rau, Phys. Rev. B 78 (2008) 



DPG 2010 Institut für Energieforschung 5 – Photovoltaik

Dominant currents at junction (x=+0)
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Thin-film photovoltaic technologies
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Solar cell efficiencies (Labscale)
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Schematic representation of a CIGS module 
fabrication process. 
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Selenization (two-stage)

I. Deposition

II.Selenisation

Absorber deposition CIGS solar cells

Co-evaporation
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Band diagram (CuInGaSe2 ) 
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Recombination mechanisms

(A): Interface recombination

Ea = Φb
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Front contact
deposition

CdS depositionCdS deposition

back contact final dev ice 
structure

Process sequence for CdS/CdTe solar cells 
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L. Houben, Dissertation, FZJ (IFF/IPV), Uni Düsseldorf 
O. Vetterl

 

et al., Sol. Energ. Mat. Sol. Cells
 

62 (2000) 97-108 

microcrystalline amorphous

a:Si:H/µc-Si:H phase transition
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Multi-junction solar cells

μc-Si:H
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Simulations:  Tandem cells on textured ZnO:Al

K. Ding, Master Thesis, RWTH Aachen
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Absorptance distribution
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Loss analysis (0V)
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III: Thickness dependence

Transmission 
loss
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Tandem Solar Cell with Intermediate Reflector

Requirements for the 
Intermediate Reflector:

• sufficient conductance

• low absorption

• low refractive index to achieve 
high refractive index difference 
between Si and SiOx 

glass

TCO

a-Si:H

µc-Si:H

back reflector

intermediate reflector
50 nm -150 nm



DPG 2010 Institut für Energieforschung 5 – Photovoltaik

SiOx intermediate reflector
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Effect of micro-/nano-structures of textured ZnO on local optical properties

Analyzed by Scanning Near field Optical Microscopy

topography SNOM
measured

SNOM
calculated

Topography enters into
first principle calculations

SNOM

Scanning near-field optical microscopy

K. Bittkau, et al., Phys. Rev. B 76  (2007)



DPG 2010 Institut für Energieforschung 5 – Photovoltaik

μc-Si:H
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Conclusions
Photovoltaics has become a billion € business
.. on a partly (but then heavily) subsidized market

Political goals can be met (on the technological level)

Cost reduction is still (and more than ever) a major issue

Challenges for thin-film technologies:

→ Close the gap between lab and production scale efficiencies

→ Faster and more reliable production methods

→ Improved scientific understanding of optics, materials and interfaces
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