Melt-spun light-converting optical fibers
for solar cell enhancement
Konrad

1,2
Jakubowski ,

Manfred

1,2
Heuberger ,

Rudolf

1
Hufenus

Contact details
konrad.jakubowski@empa.ch
rudolf.hufenus@empa.ch

1) Empa, Swiss Federal Laboratories for Materials Science and Technology, St Gallen, Switzerland
2) ETH Zürich, Swiss Federal Institute of Technology in Zurich, Zürich, Switzerland

Motivation – boosting efficiency of solar cells
Problem 1

Problem 2

Spectral mismatch
Solar spectrum and spectral responses (RS) of crystalline
(c-Si) and amorphous thin film (a-Si) silica solar cells

Strong illumination dependency

Electrical power production of home solar cells for
different illumination conditions

Although the solar spectrum overlaps with

Solar cells are most effective when the sun is

the spectral response of crystalline silica (c-Si)

perpendicular to their surface. Therefore

solar cells, their maxima do not match [1]. In

energy production is small during mornings

consequence the c-Si cells absorb infrared

and late afternoons, i.e. when domestic

and higher energetic photons, but release the

energy consumption is high. Cells also fail to

excess energy in the form of heat. One

collect sunlight in cloudy weather conditions.

solution is to use other materials for cells (like

In consequence, there is plenty of room for

amorphous silica, a-Si), but this approach

improvement regarding capture of sunlight.

Power production on a sunny day

Power production on a cloudy day

requires development and investment.
T. Mambrini et al., EPJ Photovoltaics 6 (2015)

Solution using polymer optical fibers, which can be used with current generation cells  game changer!

Fiber solar light converters
Solution 1

Light conversion to match cell’s response

Solution 2

Light concentration on a small area
Favors

Incoming sunlight

Plastic Optical Fiber
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Light is guided within the fiber

Luminescent particle emits converted light

long geometries
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small crosssections

FIBER
 GEOMETRY

Due to the fluorescent nature of the dye embedded in a polymer optical fiber [2], blue and green

In contrast to solar cells, dye-doped polymer optical fibers can effectively collect sun rays incoming

parts of the sunlight are converted to red light, which interacts better with common solar cell

at any angle. In addition, this collection is done not only over the surface of a cell, but over the

materials, due to a better match of between energy and band-gap of the cell.

whole length of the fiber, resulting in enlarged collection area. The collected light is projected onto a
small-area solar cell, thus concentrated [3].

Production of solar light converters
single-step production of dye-doped polymer

Light can be lost in the fiber in mainly two ways:
Light re-absorption: emitted light propagating inside a fiber can again be absorbed by the dye

•

Absorption and emission spectra of the sunlight-converting dye

varieties of polymer optical fibers with
fluorinated cladding can be produced in an
economical and ecological way [4].
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optical fibers. With Empa's a pilot plant, large
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Bicomponent melt-spinning allows for a

Results, challenges and outlook

0

Core: dye-doped (Lumogen Red

Re-absorption and consequent re-emission lead to a significant increase of light attenuation, as can

305) cyclo-olefin (COP)

be seen when measuring the output of a fiber laterally illuminated by a point source at different

Sheath (cladding): fluorinated

distances from the detector. Depending on the application, a balance between maximized emission

polymer (THVP)

intensity and minimized self-absorption must be found. For example, the longer the fiber, the

 fibers with enhanced mechanical
and robust optical properties

smaller the optimum dye concentration.
•

Self-quenching of dye molecules: interaction limits light emission [5]
Intensity of emitted light as a function of matrix and dye concentration

Dye concentration-dependent fluorescence in the core material
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Proof of principle
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It is crucial to understand the behavior of the dye in different polymer matrices. Depending on their
chemistry, the polymers show different interactions with the dye, ranging from a good dispersion of
the dye, to almost no dispersion at all. Identifying the optimum matrix material can be done by:
1. Molecular dynamics simulation to learn about solubility parameters of material combinations.
2. Fluorescence intensity measurements to asses the behavior of intensity versus concentration.
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