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Nanotechnology for colorful building-
iIntegrated PV

Green in landscapes Red on rooftops White on house walls

Current technologies:

e Absorbing dyes: Reduced efficiency

* Microoptic structures : Specific applications

* Multilayer interference: Expensive technology



Green colored HIT solar module
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- Structures can be integrated on - Mie resonance in Si cylinder
front module glass (Sapphire) - Field lines of magnetic dipole

- EVA instead of immersion oil

V. Neder et al. Appl. Phys. Lett. 111,073902 (2017) J. van de Groep and A. Polman, Opt. Express 21, 26285-26302 (2013)




SCIL fabrication of Si nanocylinders
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Scattering by nanopatterned HIT cells
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Scattering by nanopatterned HIT cells
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Scattering by nanopatterned HIT cells

Resonant scattering Green appearance
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EQE measurement
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EQE measurement
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EQE measurement
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Low loss color reflection by application on HIT solar cell



A  white” solar cell with little losses:
EQE measurement
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From spectrum control to direction
control
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Specular reflection Lambertian scatterer
[=1,-cosf
Mie resonances to select Metasurfaces to change
spectrum of reflection the reflection direction



A combined metagrating for broad-
angle reflection

Design equation:

cos®(koh) = #(91)0032(]{0“03(91))

Theory: Y. Ra’di, D. Sounas , and A. Alu, Phys. Rev. Lett. 119, 067404 (2017)




A combined metagrating for broad-
angle reflection
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Design equation:

cos®(koh) = cos® (kohcos(61))

2
cos(61)

Theory: Y. Ra’di, D. Sounas , and A. Alu, Phys. Rev. Lett. 119, 067404 (2017)




A combined metagrating for broad-
angle reflection

x=85nm

y=1é0nn1

0
1 .4 +1
Ir\ :l
X ' Periodic BC
AN d O,
h]® © © © © o 0 0 o o BAR

sol
A=652 nm

n=95 %

Design equation:

cos®(kohcos(01))

cos®(koh) =

2.5¢

2
cos(61)

Rel. Reflection [%/degrees]

W

=75 =35 0 35 75
6, [degrees]

0.0

Theory: Y. Ra’di, D. Sounas , and A. Alu, Phys. Rev. Lett. 119, 067404 (2017)




Fabrication and experimental results

Cross section




Fabrication and experimental results

Cross section
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Next step: Transparent metagrating
design
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Perspective for metasurfaces in
nerovskite/silicon tandem cells

Perovskite




Perspective for metasurfaces in
nerovskite/silicon tandem cells

Perovskite

vVvyVvyyy

Spectral splitting



Perspective for metasurfaces in
nerovskite/silicon tandem cells

Perovskite
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Light trapping +
spectral splitting

Spectral splitting



Conclusion

Rel. Reflection [%/degree]
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Spectrum control: Direction control: Next steps:
Colored solar cells using Combined metagrating - Transparent metagrating
integrated resonant for broad-angle - Integration into Si-
dielectric nanoscatterers reflection Perovskite tandem cells



Thank you!




