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Motivation
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Looking for innovation

Exploit multitude of novel synthetic materials!
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OLEDs for general lighting and displays

› low power consumption
› ultra-thin
› efficient wide-area light sources (up to 100 lm/W)
› high contrast ratio
› wide viewing angle, ...

Ciba & CSEM Basel

White OLEDFlexible OLEDs
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Sony „XEL-11“ 2008
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Same physics, time-inverted
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Excited states:
generation, diffusion, transfer 

& decay

dipole emission /
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Organic solar cells

› thinness
› flexibility
› printability (roll-to-roll)
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Optoelectronic device physics
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• Processes:

› Charge injection (1)

› Charge transport (2)

› Exciton formation, transfer & 

diffusion (3)

› Light outcoupling (4)

• Multilayer design:

› facilitates injection

› improves confinement

› reduces leakage
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Coupled continuity equations
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Research and development process

Idea

Lab

Prototype

Simulation software
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Optimization, Fitting, Sweeping

3 processes, one solver

charge drift-diffusion
& recombination

exciton
diffusion, transfer & decay

dipole emission /
light-incoupling
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setfos, semiconducting thin film optical simulator
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Current-voltage modeling

Constant mobility

!Constant mobility does not fit the 
experimental data 
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Current-voltage modeling

Field dependent mobility

! Field dependent mobility fits the 
experimental data
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Current-voltage modeling

Field dependent mobility
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Light emission: dipole model

Dipole emission model with dependence on
› viewing angle
› polarization
› dipole position
› dipole orientation

• setfos software allows:

› multiple dipoles
› mode analysis
› performance figures: 

CIE coord., CRI, SEIR, SIA etc.
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guided modes
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Mode analysis
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Evanescent modes

Guided modes

Losses

Substrate captured modes

Emitted
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Outcoupling channels
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d=150 nm

Comparison with experiment

(Device: Al(15 nm)/PEDOT(60 nm)/ 
[76% PVK+19% PBD+5% 
CGR-Red(x nm)] /
Ba(1 nm)/Al (15 nm))
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Forward and backward emission
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Non-measurable parameters
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Air/Al

Air/Ag

P3HT:PCBM/Al

P3HT:PCBM/Ag
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Organic solar cells
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OPV Light-harvesting

Bulk-hetero-junction with

P3HT-PCBM 
Simulation:
› Spectral EM field penetration

› Layer-specific absorbances
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OPV Light-harvesting

Photon Absorption Profile • Photocurrent Thickness 
Scaling

› 80 nm is optimum!

80 nm

Experiment: J. Gilot, I. Barbu, M. M. Wienk, R. A. J. Janssen, 
Applied Physics Letters 91, 113520 (2007)

Isc,max Simulation by SETFOS

Experiment by Gilot
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Opto-electronic Simulation of OPV

Short-circuit current vs. thickness of active layer

(Roger Häusermann)
22
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Electronic processes in OPVs

Variation of the Langevin 

recombination prefactor

• Variation of the charge mobility

 OPV Current-voltage Curves

Must reduce recombination losses and increase the mobility!
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Example: OPV dynamics
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Fluxim and the ICP
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Fluxim AG is a spin-off of the
Zurich University for Applied Sciences, ZHAW
Switzerland
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ICP Team

Interdisciplinary team with Physicists, 

Mathematicians and Software developers

1996 Fachgruppe NMSA  Spin-offs:
2002 Gründung CCP  Numerical Modeling GmbH, www.nmtec.ch
2007 Gründung ICP  Fluxim AG, www.fluxim.com

www.icp.zhaw.ch
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http://www.icp.zhaw.ch
http://www.icp.zhaw.ch
http://www.nmtec.ch
http://www.nmtec.ch
http://www.fluxim.com
http://www.fluxim.com
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ICP research fields

4 main areas of application oriented R&D
› microsystems, sensors und actuators
› fuel cells
› organic optoelectronics and photovoltaics
› multi-physics simulation software development
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Thanks for your attention!
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Visit us at the DPG-Tagungen Exhibition in Dresden, March 24-27.


