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Simulation Experiment 

Light-management (LM) for thin-film solar cells is an emerging field, however, so far most of the work has been carried out on silicon based cells [1-5]. Here, 

UV-casted dielectric surface-relief gratings are introduced as light-management structures for OPV cells. The grating will reduce reflections at the air-glass-

interface due to a graded index of refraction [6] as well as increase the optical path in the photoactive layer through diffraction. An enhancement of the short 

circuit current (𝐼𝑆𝐶) of up to 6% is observed experimentally. 
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Nanoscale gratings LM structures on OPV 

A diffraction grating is composed of a periodic structure of two media with different dielectric 

functions  𝜖1(𝜔) and 𝜖3(𝜔) [7]. 

Simulations and experimental results 

Light which is diffracted into the OPV device at an 

angle, gives rise to various effects : 

 

• The optical path of the diffracted light through 

the active layer increases by a factor  

cos 𝜃𝐴
−1.  

 

• Reflections back into the active layer increase 

at the interfaces 
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By varying the grating parameters the diffraction 

efficiencies and reflections can be further optimized to 

suit the needs of an individual OPV stack. 

 

In simulations absorption enhancements of up to 25% 

could already be achieved for various conditions. 

 

Summary & Outlook 
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• Transmission- and reflection spectra 

were calculated with Rigorous 

Coupled Wave Analysis (RCWA).  

 

• The structure was integrated into 

setfos as a scattering layer, in which 

the coherent light propagation in the 

OPV stack is calculated. 

 

 

• The comparison with the experiment 

shows nice accordance for various 

grating periods (Fig.2) 

 

• The gratings are labeled according 

to their period, which ranges from 

about 400nm (‘blue’) to roughly 

650nm (‘red’).  
Figure 2: Comparison between simulation and experiment: The simulated light absorbance in the 

active layer (left) is compared to the measured external quantum efficiency (EQE) 

Summary: It was shown experimentally that the 

generated current in an OPV can be increased by at 

least 6% with a 1D diffractive surface grating 

structure. 
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A grating with period Λ, diffracts the light into different orders depending on the incoming 

angle 𝜃𝑖 and wavelength 𝜆. The angle 𝜃𝑇1 of the diffracted light is given by the grating 

equation: 

But also additional loss mechanisms 

are created… 

• ... by light, which is diffracted at 

steep angles into the substrate  

• … by light trapped in resonant 

grating modes  

• … by additional higher order 

reflection 
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Figure 3: Short circuit current 𝑰𝑺𝑪 in mA/cm² of different grating-on-OPV 

devices.  

Outlook:  low cost, large area light management 
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In experiments, a large set of devices showed an average 

improvement of the short circuit current of about 6% (Fig.3).  
Decorative effects for flexible OPV 

The diffractive structure will also appear colorful and 

bright, due to higher order reflections: 

• colorful appearance 

 

• on flexible structures 

 

• Integrated text, logo 

or pictures 

 

• … tuning of colors 
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Through the right choice of grating parameters and materials, the effective grating layer can 

act as an anti-reflective coating of optimized refractive index 𝑛2 for a certain spectral range. 

Figure 1: Nanoscale diffraction grating on an OPV.  

Acknowledgments: The authors thank Dr. Michel Calame
,
 and Prof. 

Christian Schönenberger for supervision and discussion and the below 

listed  

(Grant number 287594) 


