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1. Nanostructuration pour le piégeage optique,
la gestion de la couleur et le refroidissement thermique
[surface]

2. Nanomatériaux
[volume]

3. Caractérisation à l’échelle nanométrique
[surface et volume]



La lumière du soleil : absorption et pertes optiques dans une cellule solaire
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Matériaux :
~160 µm de silicium (bande interdite indirecte)
~2-4 µm de GaAs (spatial), CdTe, Cu(In,Ga)Se2,…

Enjeux :
• Réduire les pertes optiques
• Diminuer l’épaisseur

Spectre d’absorption type Pertes optiques

Densité de courant Jsc



Comment absorber + avec – de matière ?
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couche anti-reflet
(double)

+ un miroir arrière structuration aléatoire
micronique

structuration périodique
nanométrique

Le chemin optique peut être augmenté d’un facteur F par piégeage
optique pour compenser la faible absorption de couches ultrafines.

A = 1 – e-Fαd

F = 4 n2 ≃ 50F = 1 F = 2 F > 50

Aller-retour oblique → × 4
Réflexion interne →  × n2



Des cellules solaires en silicium de plus en plus fines
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Dans les années 70

Aujourd’hui

De nombreux efforts pour diminuer l’épaisseur 
d’un facteur 10.

I. Massiot, A. Cattoni, S. Collin, Nature Energy 5, 957-972 (2020)



Des cellules solaires de plus en plus fines
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Aujourd’hui sur les toits :

~160 µm

20 % d’efficacité avec 160 µm

Aujourd’hui dans les laboratoires :

15,7 % d’efficacité avec 10 µm
de silicium

20 % d’efficacité avec 0.2 µm
de GaAs

~200 nm

2 wileyonlinelibrary.com © 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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inverted pyramids on a 700 nm pitch ( Figure    1  a–e). In concert 
with the rear dielectric/aluminum refl ector stack, the structure 
leverages wave optics effects to effi ciently couple long wave-
length photons into waveguide modes supported by the thin 
fi lm, increasing the likelihood of absorption. Refl ection from the 
top surface is suppressed by an index-matched ( n  = 1.9) 100 nm 
high quality PECVD (plasma-enhanced chemical vapor depo-
sition) silicon nitride ARC and the gently sloping 54.7° angle 
of the pyramids. The optical performance has been shown 
quantitatively to be among the best yet designed for broadband 
absorption in crystalline silicon. [ 11 ]   

 Exceptional absorption, in spite of such a thin absorbing 
layer, underpins the design’s power conversion effi ciency. We 
focus on the characteristics of two devices, the structure of 
which is given in Figure  1 a: the one yielding the highest effi -
ciency, Device A, and the highest short-circuit current, Device 
B. In both cases, for the wavelength range 400–920 nm, greater 
than 90% of photons are absorbed (Figure  1 f). The impact of 
the optical design is most apparent for wavelengths longer than 
800 nm, where the photonic absorption depth in silicon rap-
idly lengthens beyond 10 µm and the ability of a planar silicon 
fi lm to absorb effectively diminishes. In comparison with a 

Adv. Mater. 2015, 
DOI: 10.1002/adma.201405511

www.advmat.de
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 Figure 1.    a) Optical image and schematic of a 10-µm-thick crystalline silicon photovoltaic cell with an integrated periodic surface light-trapping 
structure. b) SEM image of a top contact fi nger at the device edge highlighting the mesa isolation structure. c) SEM cross-section of the full device. 
d,e) High-magnifi cation SEM images of d) a cross-section emphasizing the surface structure and nitride ARC and e) a quartet of sub-micron-scale 
inverted pyramids. f–h) Experimentally-measured f) absorptance, g) external quantum effi ciency, and h) current density–voltage ( J – V ) characteristics of 
devices A (highest effi ciency) and B (highest current) and a planar reference cell. The emprical data plotted in f) depict total absorption, which includes 
parasitic absorption in the aluminum and silicon nitride layers; simulated parasitic aluminum absorption is plotted using results from transfer matrix 
method calculations. Ideal Lambertian absorption is plotted for a 10-µm-thick silicon slab using silicon optical indices from ref.  [ 30 ] .
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ARTICLESNATURE ENERGY

EQE exhibits less pronounced resonances due to fabrication imper-
fections, but a similar average absorption. The cross-sectional maps 
of the generation rates displayed in Fig. 3c for 1-µm-thick GaAs solar 
cells and structures A, B and C illustrate the spectacular increase in 
the density of photogenerated carriers as a result of efficient light 
trapping in a 205-nm-thick GaAs layer.

To gain more insight into the mechanism of the optical resonances, 
labelled α, β and γ in Fig. 3b, we calculate 1 − R, where R is the specular 
reflectance at normal incidence as a function of the wavelength and 
grating period p. Figure 3e shows the result obtained for a nanostruc-
tured TiO2/Ag back mirror with a fixed grating height of h = 120 nm 
and a square width-to-period ratio of d/p = 0.6. This dispersion dia-
gram features numerous resonances with two different behaviours. 
In the 400–600 nm wavelength range, absorption peaks are insensi-
tive to the grating period. These resonances are attributed to vertical 
Fabry–Perot (FP) modes. The same features can be observed with a 
flat mirror, and the resonance wavelengths depend mainly on the total 
thickness of the layer stack. The resonant conditions are given by

∑ φ+ = πk h q2 2 (1)i z i i,

where kz,i = 2πni/λ is the z-component wavevector at normal inci-
dence in layer i (thickness hi and refractive index ni), λ is the 

wavelength and the integer q defines the FP order. The phase change 
# induced by reflection at the top and bottom interfaces is evaluated 
from the complex Fresnel coefficients. The result is shown in Fig. 
3e (green dashed lines) for the two FP resonances α1 and α2 found 
at short wavelengths. They correspond to FP orders q = 6 and q = 7 
(labelled FP6 and FP7, respectively). The low contrast of these reso-
nance peaks is due to the high absorption and efficient DLARC in 
this wavelength range.

In the long-wavelength range (λ > 600 nm), the absorption peaks 
exhibit a strong period dependence and are attributed to guided-
mode resonances. The grating scatters light into diffracted waves of 
orders (m1,m2) defined by their in-plane wavevectors:

= + π + π
∥ ∥ m

p
m

p
k k e e2 2

(2)m m x y( , ) (00) 1 21 2

where ∥k (00)  is the in-plane wavevector of incident waves and 
(m1,m2) are integers. The additional in-plane momentum induced by 
the grating allows coupling through either transverse-electric (TE) 
or transverse-magnetic (TM) guided waves propagating in the solar 
cells. The approximate resonance wavelengths are calculated using a 
model of the planar waveguide35, taking into account the quasi-peri-
odic boundary condition for the in-plane component (equation (2)).  

Ni/Ge/Au front
contact on n-GaAs
MgF2/Ta2O5
DLARC

Ag mirror and
back contact

Adhesive

p = 700 nm

a

b c
Contact layer
AlInP window
GaAs absorber

AlGaAs BSF

Nanoimprinted TiO2

Ag mirror 500 nm
1 µm

1. Localized back contact 2. Nanoimprinted  TiO2 3. Ag mirror deposition Bonding and GaAs
substrate removal

5. Front contact and ARC

Ti/Au on p-GaAs

4.

AlGaAs BSF

Fig. 1 | Fabrication process for ultrathin GaAs solar cells with a nanostructured back mirror. a, Sketches of the main fabrication steps. b, SEM image of 
nano-imprinted TiO2 periodic structures before Ag mirror deposition. Inset: cross-section of the TiO2. Scale bar, 1μm. c, SEM cross-sectional view after 
removing the GaAs substrate, showing the Ag nanostructured back mirror.
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Fig. 2 | Best ultrathin solar cell based on a 205-nm-thick GaAs absorber and a nanostructured Ag mirror. a,b, J–V characteristics (a) and EQE (b) of the 
19.9%-efficient solar cell with an aperture area of 4.02!mm2 measured at the Fraunhofer ISE calibration laboratory under standard conditions (AM1.5G, 
1,000!W!m−2, 25!°C). The black curve of 1!−!R (R, specular reflectance) in b exhibits multi-resonant features in agreement with the EQE.

NATURE ENERGY | www.nature.com/natureenergy

~10 µm



Des cellules solaires ultrafines en GaAs : 20% avec seulement 200 nm
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Une fabrication par nanoimpression et transfert de couches.

L’apport de la nanophotonique :
preuve de concept d’une absorption multi-résonante
dans une cellule 10 fois plus fine que les celllules en GaAs conventionnelles de 2 µm.

H.-L. Chen et al.
C2N, collab. Fraunhofer ISE

ARTICLES
https://doi.org/10.1038/s41560-019-0434-y

1Centre for Nanoscience and Nanotechnology (C2N), CNRS, University Paris-Sud/Paris-Saclay, Palaiseau, France. 2Institut Photovoltaïque d’Ile-de-France 
(IPVF), Palaiseau, France. 3Fraunhofer Institute for Solar Energy Systems (ISE), Freiburg, Germany. 4Laboratoire Chimie de la Matière Condensée de Paris, 
Sorbonne Université, CNRS, Collège de France, Paris, France. 5Present address: National Research Council of Canada, Ottawa, Ontario, Canada.  
*e-mail: stephane.collin@c2n.upsaclay.fr

The efficiency of single-junction solar cells has improved 
consistently over time for both crystalline silicon (c-Si) and 
thin-film (Cu(In,Ga)(S,Se)2 (CIGS), CdTe, GaAs) technolo-

gies, and contributed to the cost decrease and widespread develop-
ment of photovoltaic devices. Solar cells made of c-Si have reached 
26.7% photoconversion efficiency using 165-µm-thick Si wafers1. 
With its high optical absorption and radiative efficiency, GaAs 
operates close to the Shockley–Queisser limit2 and has achieved 
a record efficiency of 29.1% with 1- to 2-µm-thick single-junction 
solar cells3,4. On the other hand, theoretical light-trapping models 
suggest that the solar cell thickness can be reduced by more than 
one order of magnitude while preserving state-of-the-art short-
circuit currents5,6. Such a thickness reduction will improve indus-
trial throughput and save scarce materials (for example, tellurium 
in CdTe, indium in CIGS and III–V materials) as well as help in 
improving the performance of solar cells. For a given density of 
defects, non-radiative bulk recombination decreases with thick-
ness, allowing for the use of materials with a reduced diffusion 
length. For space applications, ultrathin GaAs cells show increased 
tolerance to high-energy particle bombardment7. Overall, thin-
ning the absorber has a beneficial effect on both charge carrier 
collection and open-circuit voltage. The best solar cell would be 
an ultrathin solar cell if maximal absorption could be maintained 
through efficient light trapping.

Different light trapping strategies have been proposed and suc-
cessfully used to compensate for the short-circuit current drop due 
to incomplete absorption in ultrathin layers8–10. Disordered nanotex-
tures are a conventional approach and have allowed 8.6% efficiency 
with only 830-nm-thick silicon layers11. Front surface nanotextur-
ing with inverted pyramid arrays coupled with a highly reflective 

back mirror has been optimized for ultrathin silicon solar cells12–14 
and led to 15.4% efficiency with 10-µm-thick c-Si layers12. However, 
efficiencies exceeding 20% have only been achieved with c-Si solar 
cells thicker than 40 µm (ref. 15). Nanostructured back mirrors were 
used to increase the long-wavelength absorption in III–V/Si tandem 
solar cells16, and a numerical study has shown broadband absorp-
tion capabilities in 150-nm-thick CIGS solar cells17. Dielectric 
nanoparticles have also been successfully introduced at the rear 
side of CIGS solar cells with no significant impact on fill factor (FF) 
and open-circuit voltage (Voc), leading to 12.3% efficiency with a 
thickness of 460 nm (ref. 18). On the contrary, a-Si:H deposited on a 
textured substrate shows improved absorption19,20 but low electrical 
performance. Overall, the best light trapping designs tend to avoid 
texturation of the absorber.

Ultrathin GaAs solar cells can be considered as a model system to 
investigate the potential of light trapping for high-efficiency ultra-
thin solar cells. Metal nanoparticles21,22 and nanogrids23 can improve 
absorption via plasmonic resonances24, but the beneficial effect is 
usually countered by metal absorption losses at short wavelengths. 
The integration of a highly reflective back mirror is a first require-
ment for efficient light trapping25, and it can boost the Voc through 
the photon recycling effect26–28. Others have used a rough scattering 
Au back mirror to further enhance light trapping. They achieved 
19.1% efficiency with 300-nm-thick solar cells29. In contrast, front-
side periodic TiO2 nanostructures have also been combined with 
a flat back reflector and reached 16.2% efficiency in 200-nm-thick 
GaAs solar cells30. State-of-the-art ultrathin GaAs solar cells are 
listed in Table 1. Overall, previous achievements make use of light 
scattering and diffraction and lie below numerical predictions for 
double-pass absorption.

A 19.9%-efficient ultrathin solar cell based on 
a 205-nm-thick GaAs absorber and a silver 
nanostructured back mirror
Hung-Ling Chen1, Andrea Cattoni! !1, Romaric De Lépinau1,2, Alexandre W. Walker! !3,5, 
Oliver Höhn3, David Lackner3, Gerald Siefer3, Marco Faustini4, Nicolas Vandamme1, Julie Goffard1,2, 
Benoît Behaghel1, Christophe Dupuis1, Nathalie Bardou1, Frank Dimroth! !3 and Stéphane Collin! !1,2*

Conventional photovoltaic devices are currently made from relatively thick semiconductor layers, ~150!µm for silicon and 
2–4!µm for Cu(In,Ga)(S,Se)2, CdTe or III–V direct bandgap semiconductors. Ultrathin solar cells using 10 times thinner absorb-
ers could lead to considerable savings in material and processing time. Theoretical models suggest that light trapping can 
compensate for the reduced single-pass absorption, but optical and electrical losses have greatly limited the performances of 
previous attempts. Here, we propose a strategy based on multi-resonant absorption in planar active layers, and we report a 
205-nm-thick GaAs solar cell with a certified efficiency of 19.9%. It uses a nanostructured silver back mirror fabricated by soft 
nanoimprint lithography. Broadband light trapping is achieved with multiple overlapping resonances induced by the grating and 
identified as Fabry–Perot and guided-mode resonances. A comprehensive optical and electrical analysis of the complete solar 
cell architecture provides a pathway for further improvements and shows that 25% efficiency is a realistic short-term target.

NATURE ENERGY | www.nature.com/natureenergy

Nature Energy 4, 761-767, 2019
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• Des performances optiques très proches des simulations
• Une efficacité record de 19.9% (certifiée)
• Une analyse des pertes qui montre le chemin pour atteindre

25% à brève échéance

Mesure sous
simulateur 
solaire

Mesures Simulations

Nature Energy 4, 761 (2019)



Cellules solaires ultrafines : conclusion
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La nanophotonique permet de piéger la lumière et de diminuer 
l’épaisseur des cellules solaires sans perte d’absorption.

→ moins de matériaux, des procédés plus rapides,
pour des cellules moins chères
→ des cellules flexibles et légères
pour de nouvelles applications
→ des cellules plus résistantes aux radiations,
pour le spatial

Nanophotonique pour le PV : un large 
panorama sur les cellules solaires ultrafines

I. Massiot, A. Cattoni, S. Collin,
Nature Energy 5, 957-972 (2020)

Un panorama plus court et en français A. Cattoni, S. Collin,
Photoniques 102, 44-48, Mai-Juin 2020

20% d’efficacité avec 200 nm de GaAs, le 
record !

H.-L. Chen, A. Cattoni, (…) S. Collin,
Nature Energy 4, 761 (2019)

Pour en savoir plus : https://sunlit-team.eu



Photonic and thermal properties of butterfly Asterope Leprieuri
to improve solar cells

JNES 2021 / stephane.collin@c2n.upsaclay.fr 10

Anne-Laure Joudrier*1, Amélie Chervet2, Sophie Cassaignon3, Serge Berthier4, Jean-François Guillemoles2
1IPVF - ENSCP Chimie Paristech PSL, Palaiseau, France
2IPVF - CNRS, Palaiseau, France
3LCMCP, Sorbonne Université, Paris, France
4INSP, Université de Paris, Paris, France
*anne-laure.joudrier@chimieparistech.psl.eu

• The aim of the project is to adapt properties of biological material (for example,
butterfly wings…) to solar cells, both in terms of photonics (visual aspect, colours),
and in terms of absorption and thermal regulation.

• It will allow a better integration of photovoltaic devices to the environment and the
buildings.
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• RADIATIVE SKY COOLING (RSC) OF SILICON SOLAR CELLS AND MODULES

• Improving efficiency and long-term reliability by passively lowering the operating temperature
Jérémy Dumoulin, Emmanuel Drouard, Mohamed Amara

Fundamental thermoelectric modelling

ü Theoretical basics for 
RSC of photovoltaic 
(PV) devices

ü Determining the ideal 
thermal emissivity 
profile for single-
junction cells

ü Quantifying the 
potential benefit of 
enhanced RSC

Detailed opto-electro-thermal 
simulation using COMSOL Multiphysics 

Dumoulin et al. .Sustain. Energy Fuels. 2021

ü Detailed modelling of silicon devices in order to 
accurately predict the opto-electro-thermal behavior 
from the bottom-up

ü Full multiphysics coupling

Heat transfer 
equation

Solving Maxwell’s 
equations

Coupled drift-diffusion 
and Poisson equations

Investigation of photonic 
pathways for enhanced RSC Material and device 

characterization

ü Measuring the complex refractive 
index of PV module materials in 
the near and middle infrared

ü Measuring the thermal emissivity 
profile of solar cells and modules

ü Broadband 
optical 
simulation of 
an entire PV 
module 

ü Micro and 
nano 
patterning 
(device 
fabrication)

JNES 2021 / stephane.collin@c2n.upsaclay.fr



Color Management of Semi-transparent nano-patterned surfaces
F. Mandorlo, R. Orobtchouk, M. Amara

• Relate the appearance of the resonances (width, 
position) of the CPs to the colors (chromaticity & 
brightness)

• In the longer term: at a given color (mixture of 
lines), how to choose the CP that penalizes a cell 
the least?

JNES 2021 / stephane.collin@c2n.upsaclay.fr
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1. Nanostructuration pour le piégeage optique,
la gestion de la couleur et le refroidissement thermique
[surface]

2. Nanomatériaux
[volume]

3. Caractérisation à l’échelle nanométrique
[surface et volume]



III-V/Si tandem solar cells
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Direct wafer 
bonding :

Mechanical
stacking :

Monolithic epitaxial growth:

η = 25.9%
M. Feifel et al.

Solar RRL
2020

GaInP

Si

η = 35.9%

Fraunhofer ISE
2021

AlGaAs

η = 35.9%
S. Essig et al.
Nat. Energy

2017

Si

GaInP

GaAs
GaInP

Si

AlGaAs

localized growth
(under devpt at IPVF)

Si

Cellules solaires à nanofils III-V sur Si
Micro-cristaux III-V sur Si

Croissance directe sur silicum



Cellules solaires à nanofils III-V sur Si
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Cellules solaires à nanofils III-V sur Si

• Croissance directe sur Si
• Un matériau III-V à l’état de l’art
• Un défi technologique pour maîtriser les contacts et 

proposer des procédés compatibles avec l’industrie

Croissance directe sur silicum

Voc = 0.65 V and Δµ=0.88 eV at 1 sun (Δµ= 1.0 eV at 187 suns)

Andrea Cattoni, Capucine Tong, A. 
Delamarre, S. Collin et al. (C2N, IPVF)Direct wafer 

bonding :
Mechanical
stacking :

Monolithic epitaxial growth:

η = 25.9%
M. Feifel et al.

Solar RRL
2020

GaInP

Si

η = 35.9%

Fraunhofer ISE
2021

AlGaAs

η = 35.9%
S. Essig et al.
Nat. Energy

2017

Si

GaInP

GaAs
GaInP

Si

AlGaAs

localized growth
(under devpt at IPVF)

Si



Micro-cristaux III-V sur Si
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Micro-cristaux III-V sur Si

Croissance directe sur silicum

Participants :
- GeePs (caractérisations): Guillaume Chau (PhD), Alexandre 
Jaffré, Jose Alvarez, Alexandre Jaffré, Denis Mencaraglia
- C2N (croissance et techno) : Gullaume Chau, Géraldine 
Hallais, Charles Renard

C. Renard et al, Sci. Rep. 6, 25328 (2016)
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ANR Project between LIMMS and IMS trough the IRP “NextPV”
• Coordinator: Sylvain Chambon (LIMMS)
• Threee partners:

In Japan: 
LIMMS (IIS, Hirakawa Lab, Fujii Lab)
NextPV (RCAST, Segawa Lab)
In France: 
IMS (NextPV, ELORGA)

• External collaborator: University of Sydney

17

Objective: reduce the environmental footprint of organic photovoltaic technology
è Development of water-based organic semiconductor NP in water with well defined morphology for highly 
efficient OPV devices
Nanoprecipitation: a surfactant-free technique to synthezise
organic semiconductor NP

Organic semi-conductor
dissolved in solvent 

(THF)

Fast addition of

water (anti-solvent)

Evaporation 

of the solvent

Nanoparticles dispersed in the 
water

ANR WATER-PV: Water-based organic semiconductors 
colloidal dispersions for photovoltaics



NP 
development

Transport in single 
NP and NP assembly

Exciton 
dissociation 

studies Solar cell
fabrication

STXM image  
of core-shell

NP Nanogap device

Transient Absorption 
Spectroscopy

OPV device

ANR WATER-PV: Water-based organic semiconductors 
colloidal dispersions for photovoltaics

WATER-PV aims at developing environmentally friendly process for the
fabrication of highly efficient OPV devices through water-based colloidal
inks.

§ WP1: Development of well-defined NP using microfluidic systems
§ WP2: Identification of the optimum NP design for efficient charge transport and 

exciton dissociation in NP and thin films
§ WP3: OPV device fabrication with optimum performances

Mater. Chem. Front., 2021, 5, 2218



Matériaux polycristallins : du micro au nano…
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T. Campos PhD, E. Deleporte (LuMIn), A. Duchatelet (IPVF), J. Rousset (IPVF), D. Garrot (GEMaC)
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Journée scientifique CHARMMMAT | Thomas Campos | 27/10/2020 | 5

Etat de l’art

• Deux principaux types d’hétérostructures 2D/3D existent dans la littérature

• La structure formée dépend du procédé de synthèse
• Bulk incorporation : Spin-coating et recuit d’un mélange de solutions 2D et 3D

• Surface coating : Spin-coating et recuit d’une couche 3D, puis d’une fine couche 2D sur la couche 3D

Source : C. Ortiz-Cervantes et al, ChemSusChem 2019

3D Perovskite  

2D Perovskite

Bulk incorporation Surface coating

Source : Research Gate

2D/3D heterostructure

Interface engineering better stability

2D/3D halide perovskite heterostructures for photovoltaïcs



Matériaux polycristallins : du micro au nano…
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20 % cell efficiency thanks to KF-PDT
(PhD of Thomas Lepetit)

Cross sectional SEM view of a typical
CIGSe-based TF solar cell

Cellules solaires à base de CIGSe

Objectif: cellules solaires grand gap à base de CIGS (purs sulfures)
Problématiques abordées:
- Corrélation de procédés de croissance par co-évaporation
aux propriétés physico-chimiques des couches minces
- influence sur les performances de cellules

Nicolas Barreau et al.



Apport des nanos au photovoltaïque
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1. Nanostructuration pour le piégeage optique,
la gestion de la couleur et le refroidissement thermique
[surface]

2. Nanomatériaux
[volume]

3. Caractérisation à l’échelle nanométrique
[surface et volume]



Plateforme de cathodoluminescence (CL) et CL résolue en temps
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λ = 250 nm à 1.7 µm Résolution spatiale < 10 nm

T = 10K à 300K Résolution temporelle τ → 10 ps

En chaque point :

réponse spectrale (CL)

réponse
temporelle (TRCL)

Exemple: cartographie d’un nanofil

Une plateforme quasiment unique au monde 
• CL quantitative, SEM et EBIC
• CL résolue en temps

JNES 2021 / stephane.collin@c2n.upsaclay.fr

S. Collin et al., C2N



Highlight: measuring the (effective) doping at the nanoscale
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References:
1. Quantitative Assessment of Carrier Density by Cathodoluminescence. I. GaAs thin films and modeling, Phys. Rev. Applied 15, 024006 (2021)
2. Quantitative Assessment of Carrier Density by Cathodoluminescence. II. GaAs nanowires, Phys. Rev. Applied 15, 024007 (2021)
And also our first proof of concept in Nano Letters 17, 6667 (2017)

(1) The luminescence spectra contain the signature of 
doping (bandgap narrowing, broadening, increase of 
the electron Fermi level).

Determination of electron/hole concentration using cathodoluminescence:
a contactless, non-destructive, quantitative method with a nanoscale resolution

Mapping of the hole
concentration in a
GaAs:Be nanowire

The effective doping is assessed for each pixel.

(2) The doping is measured in single 
GaAs:Si and GaAs:Be nanowires.

(cm-3)

50
0 

nm

Reference thin films

S. Collin et al., C2N



Investigating bulk defects and recombination at grain boundaries
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B1-No CdCl2 B2-400° B3-420° B4-440° B5-460°

8.5µm
8.

5µ
m

30
0K

10
K

	No CdCl2: Different defects in different grains.

CdTe thin films annealed: effect of the CdCl2 temperature

A-band

T. Bidaud, S. Collin et al., C2N
Collab. NREL

Phys. Rev. Materials 5, 064601, 2021.



AFM map

HCl 10-3 M dip
Aged as-grown

1M. Bouttemy et al., ECS Trans., 2019: pp. 37–46 ; 2 Almosni et al. (2018) Sci Technol Adv Mater.19(1): 336–369.
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QDs shape and size modulation (bandgap tuning) 

1st cycle 10-2 M (1min) 2nd cycle 10-2 M (1min)

Nano-Auger local chemical characterization
(20 kV-10 nA- ~12 nm spot size) 

InAs QDs grown on GaAs substrate

Binding energy (eV)

Nanoscale chemical analyses and nanoscale wet chemical
engineering of III-V based materials and structures

Evidence of maintaining QDs
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ÚPrecise nano-etching: QDs thinning
by iterating deoxidation cycle

Accurate chemical diagnosis by XPS surface analyses 
Quantum dots (QDs) 1

Le XPS et le nano-Auger sont des techniques complémentaires de 
caractérisation chimiques, parfaitement adaptées aux dimension 
de nano-structures (profondeur sondée 5-10 nm et taille de spot 
allant de 600µm en XPS à 12 nm pour l'Auger) et qui donnent 
également accès à la chimie des interfaces (abrasion ionique).

Muriel Bouttemy, Damien Aureau et al. (ILV)



Conclusion
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1. Nanostructuration pour le piégeage optique,
la gestion de la couleur et le refroidissement thermique
[surface]

2. Nanomatériaux
[volume]

3. Caractérisation à l’échelle nanométrique
[surface et volume]

1.57eV
1.51eV
1.45eV500 nm

CIGS (150 nm) 

soda lime glass

Ag



Merci pour votre attention !
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