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The scattering solar cell

Light coupling and trapping by resonant light scatterers
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Silicon Mie scatterer on a Si substrate
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Silicon nano-cylinders act as cavities for
light and direct light into the substrate
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Black silicon using leaky Mie resonances

Average reflectivity: 1.3%
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Substrate conformal imprint lithography

P

PDMS Stamp

Thin glass

PDMS stamp (6”) on 200 pum AF-45
glass

Full-wafer soft nano-imprint

e Flexible rubber on thin glass T oo 53

e Conform to substrate bow and roughness
e No stamp damage due to particles
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Light trapping in 5 um crystalline Si slab
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Optimizing spatial frequency of scattering pattern
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Effect of EVA encapsulation
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TiO, nanoscatterers on Si Al,O5 surface passivation

TiO, Mie coating
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Nanopatterned Si solar cell designs
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Ultra-thin a-Si:H solar cell: 90 nm ji-layer

_ enhanced red and blue response by
Experiment resonant dielectric scatterers
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Nanopatterned CIGS solar cell designs
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Nanopatterned GaAs, thin crystalline Si

Sio,
TiO, Mie NP
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The solar cell as an optical integrated circuit
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Soft-imprinted nanopatterned AR interference coating

Rubber stamp

Silica sol-gel Nanoglass Flexible
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Si0, substrate Si0, substrate Si0, substrate Curved SiO, substrate

Silica nanopattern with effective index n=1.22
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Reflection (%)

Measured total reflection

Silica nanopattern on glass substrate
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Nano-imprinted encapsulated Si solar cells
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Nano-imprinted smart phones

patterned
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Hydrophobicity

flat patterned
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Transparent conductive silver nanowire network
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Ag nanowire network fabricated with

electron beam lithography
width: 45-110 nm

height: 60 nm
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Transparent conductive silver nanowire network

Optical transmission
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Ag nanowire network transparent conductors
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Metal nanowire printed Si HIT cells
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Width
~80 nm

Pitch
500 nm

Metal nanowire printed Si HIT solar cells

SCIL in silica sol-gel + Ag evaporation + lift-off

Varying array pitch

1000 nm
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SCIL on FZ and CZ Si wafers

Float-zone Si(100) Czochralski-grown Si(111)
mechanically polished chemically polished

e Flexible PDMS stamp conforms to rough substrate
e No stamp damage due to dust, roughness

M Institute Mark Knight

Jorik van de Groep



Rough CZ Si

NW height: 50 nm |

Nanoscale conformality of SCIL soft imprint
Polished FZ Si

NW height: 50 nm
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Ag nanowire patterned Si heterojunction solar cells
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Ag nanowire patterned Si heterojunction solar cells
NW pitch : 1 pm 2 MM 4 um ITO only
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Ag nanowire patterned Si heterojunction solar cells
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Soft imprinted nanowire networks
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Plasmon resonance depends on charge density

20 nm Ag sphere in vacuum
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Plasmo-electric effect in metal nanostructures:
thermodynamics

Minimize free energy F(N,T)
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Plasmo-electric potential: experiments
Ag colloids on ITO

Kelvin probe ‘ ; '

microscopy 8

Py

16 -I 1 L] 1 L] i

m 1000 mW cm™
< 121 =100 mwem? .
5 £ gl ®m1mWcm? i
< © control

3 g 4t 1
£ 5

2 s o= -
© [4°)
v Y

v ; -4 F -

= _8 i T

60 nm Au ] 12k i

480 520 560 600 640 480 520 560 600 640

Wavelength (nm) Wavelength (nm)

(— Jorik van de Groep, Matt Sheldon

Science 346, 828 (2014)




Plasmo-electric effect in metal nanostructures
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Plasmo-electric effect on resonant Au hole arrays
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Plasmo-electric effect in metal nanostructures
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Light coupling
and trapping
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Transparent metal
nanowire networks
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Nanopatterned ARC
~on glass

'

Plasmoelectric effect in
metal nanostructures

For details: see www.erbium.nl




