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== Motivation: intrinsic limits of solar cells

> Conversion efficiency of mono-junction solar cell is limited
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s > Challenges:

= Exploit a broader spectral

range

= Harvest the waste heat in

the solar cell
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Custom photovoltaic-thermolectric device
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==" Work on the photothermal interface I

> Objective: to design an efficient photothermal interface
based on plasmonic nanoantennas

> Method:
= Numerical simulation of isolated nanoantennas

= Technological fabrication
« Electron-beam lithography
* Hole-mask colloidal lithography

= Characterization
* FTIR spectroscopy
* IR thermometry
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Optical simulations of isolated nanoantennas (NAS)

> DDA method to simulated the optical ’ ’
response of nickel NAs / e -

rod

= Different shapes and dimensions
= Constant height: H=150 nm
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Choice of the optimal nanoantenna geometry

cone

> For a given geometry:
= Smaller volume =» less absorption (g, x V)
= Larger volume =» more diffusion (og.qr < V?)
= Change in size = shift of absorption peaks

Dcone
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—=—=" Diabolo-shaped NAs by electron-beam lithography

AFM
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Calculated impact of fabrication defects
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Absorbed solar power (pW) 75 66 67
Absorption per unit surface (nW.um-2) 0.78 0.53 0.44
Absorption/scattering ratio 0.89 0.61 0.76

Laboratoire d’analyse et d’architecture des systemes du CNRS

S. Hanauer et al., to be published
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Nanocone surface by colloidal lithography
> Self-assembly of beads via electrostatic interactions
= Disordered pattern with short-range order
= Control of the density through electrostatic charges

= Fast patterning over large areas — low cost — few geometries — limited pattern
control

> Truncated cones with a base o
diameter and a height of 200 nm B

> Substrate: glass/Ag/Al,O4 T o
> Surface coverage: 10 % SEM (Mag 5 000x)




—=" Absorption of nanocones on substrate I

> DDA simulation of a particle on Ag/Al,O, AlN(i)(Zg%gm)) (»
nm —>
substrate Ag (80 nm) 200 nm
= Strong impact of substrate on optical properties m’
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—— EXxperimental setup for temperature measurements
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—— Temperature increase for different materials
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—— Conclusion and perspectives

> Demonstration of a nanoantenna-based
photothermal interface for PV-TE hybrid

devices = g
= Experimental temperature increase of 7.3 °C ‘

under solar IR illumination

= Possibility to reach >10 °C increase with
diabolo-like particles and higher density

> Towards the integration in a PV-TE
device
= |mpact of substrate and encapsulation

= Opto-thermal characterization of a PV-PTI-TE
device
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Heating estimated by an analytlcal model

> DDA-based numerical simulations of
= Diabolo and cone;
= With and without substrate (10% coverage);
= Over the 0.875-1.5 and 0.875-2.5 um range.
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Absorptivity

; Cone - measured
e N +e+e Cone - calculated |,

> Experimental measurement of the absorption
spectrum and temperature increase under solar f“\ el
illumination for the cone C o %

Wavelength (um)

AM 1.5G spectral irradiance (W.’(mz.nm))

> Estimation of the temperature of diabolo-covered samples under solar IR
illumination

Calculated absorbed

Calculated absorbed power | Measured Temperature
of particle on substrate absorption increase

power of isolated particle
Range (um) 0.875-1.5  0.875-2.5 0.875-1.5 0.875-2.5 0.875-1.5 0.875-1.5 0.875-2.5

4.4 pW o pW 44 pW 50 pW 49 pW o o
Cone sowmz  160Wim2  141Wm2 160 Wim2  156wmz TG | #75°C
S 48 pW 75 pW 113 pW 170 pW .

534 Wim> 782 W/m? 133 W/im? 196 W/m?




e Hole-Mask Colloidal Lithography (HCL) I

> Deposition of polystyrene (PS) beads on the resist
= Negatively charged PS beads in water
= Positively charged resist

00 20

PS beads Chromium
deposition deposition
Beads
removal
N B - . Il B = B
~ Plasma
~ etching
> Large area (up to 6 inch) > Few geometries accessible
> « Low-cost » > Limited control over the pattern order

> Soon available at LAAS
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—==>" Fabrication of nickel particles on glass substrate

> 2 fabrication techniques

= Hole colloidal lithography (HCL): fast - large area — few geometries - limited pattern control
= Electron beam lithography (EBL): pattern precision — resolution — time-consuming - costly

Chromium Beads
deposition removal

oo .0.0.5. . . . -
Hole colloidal
Iithography/' | — Qasma etching

E-beam E-beam E-beam

Electron be% A;sist reveal

lithography
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Thermal calculations
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With NAs
B~ 34.9 °C
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—==" Conclusion and perspectives I

> Summary

= Study of the optical properties of isolated nanoantennas
with different shapes and dimensions

= Fabrication of arrays of nanoparticles on glass substrate

= Experimental and numerical temperature characterization
« Heating results from a collective effect

> Future work
= EBL fabrication on larger areas
= Optical characterization of the samples
= [ntegration in a PV-TE device




