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*Outlook: Semitransparent cells with printed dielectric
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Printed Photovoltaics in Erlangen and Niirnberg
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Printed Photovoltaics in Erlangen and Niirnberg

THERMODYNAMIK >  MATERIAL > PROCESS > SYSTEM > APPLICATION
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Understanding the physics  Printed active layer material  Roll-to-roll coater with Device design: monolithic Semi-transparent OPV
behind & design of materials robust high-quality process  series connection of cells module as BIPV
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Characteristics: Innovative technology steps:

= High throughput
= Semiconductor coatings @ >1m/s
»= Laserstructuring@ >1m/s

Printed, transparent electrodes
Printed organic / inorganic semiconductors
Smart, self-assembled films

2 Disruptive technology with high cost-reduction potential
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A Brief Introduction to Organic Photovoltaics

“Bulk-heterojunction” principle

Light
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A Brief Introduction to Organic Photovoltaics

The advantage of solution processing:

Transparent
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A Brief Introduction to Organic Photovoltaics

Semitransparent modules:
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Efficiency limits of semitransparent organic solar cells

Efficiency limit of bulk-heterojunction organic solar cells:
The “traditional model” for a single junction
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Efficiency limits of semitransparent organic solar cells

Semitransparent cells:
Transmittance is increased at the cost of a reduced EQE

Efficiency of semitransparent cell
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For high transparencies, the optimum band gap is
shifted to higher values
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Efficiency limits of semitransparent organic solar cells

Semitransparent cells:
More “realistic” EQE that extends only over a limited wavelength
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Absorption (a.u.)

Optical simulations of real systems

Optical simulations of actual solar cell stack: dependency on

absorber material
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The efficiency vs transparency increases with increased
percentage of low band gap polymer
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Optical simulations of real systems

Optical simulations of real system: dependency on electrode

materials
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Highly transparent electrodes like DMD and Ag nanowires lead to
the highest efficiency vs transparency value
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Optoelectronic properties of silver nanowires

Comparison of different transparent electrodes:

Silver nanowires show the best transmittance vs sheet resistance
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Optoelectronic properties of silver nanowires

AFM images of printed (a) and spray-coated (b) silver nanowires
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Transmittance is provided by the free space between the single wires,

resistivity iIs determined by the contact points between the single wires
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Optoelectronic properties of silver nanowires

Transmittance and sheet Optical properties:
resistance vs layer thickness Transmittance and reflectance
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Average transmittance ~90%, sheet resistance below
10QY/sq, haze <5%
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Fully solution-processed semitransparent organic solar cells

Architecture of a fully solution-processed cell with bottom
and top nanowires electrodes -

Redeposited Material

AQNW Electrode
PECOT.PSS

Active Layer

Metal Oxide (AZO)
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Fully solution-processed semitransparent organic solar cells

Visible transparency of 33% FF=60% PCE =2.2%
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Devices with nanowires electrodes show comparable
performance to the reference devices.
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Fully solution-processed semitransparent organic solar cells

Fully printed cell with bottom and top nanowire electrode
and low band gap absorber

Visible transparency of 56%
FF=61% PCE=2.9%
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Semitransparente Module

Semitransparent modules: laser structuring

Femtosecond laser patterning allows to have a dead
zone of ~200um and a high GFF of 95%
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Semitransparente Module

Semitransparent modules: laser structuring

200 nm 200 nm

Cross-section TEM confirms the functionality of the
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Semitransparente Module

Semitransparent modules: IV-data
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Semitransparente Module

Semitransparente modules: upscaling
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Laser patterning leads to a homogeneous appearance
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Semitransparent solar cells with wavelength selective mirrors
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Semitransparent solar cells with wavelength selective mirrors
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Into a roll-to-roll production process
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Printed mirrors show tunable transmittance spectra and can be integrated
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Thank you for your attention!
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