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Wet coating

Surface modification through chemical reaction
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Glass surface modification - Molecular layers

= hydrophylic / Hydrophobic

= Demolding agent

X-R-F = Adhesion promoters
! I = Coupling agents to biological
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= catalysis




Functionnal organosilanes

Silanization

Large variety of functionnal silanes :
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Perflorosilane precursors for hydrophobic windows
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Some important issues
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= The structure of the layer is not as ideal as in the scheme
above...

= Stability issues toward ageing : UV / Water / mechanical
abrasion / dust deposition

= Stability toward glass surface evolution — alcaline lixiviation

= Environnemental issues regarding perfluorinated precursors



Electroless deposition — silver miror
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RCHO + 2Ag(NH3)T +30H™ 22, RCOO™ + 4NH; + 2H,0 + 2Ag
Metastable reactive solution
Ag+/Ag’ single atoms Egy,, =-1,8V Ag/Ag+/Ag® Egyy = 0,4V

Pdo Nuclei/

Surface activation : ,
Pd%* Pd® pd® germ

Rem : many other compounds can be electroless deposited : Ni / Au, but also ZnO,
CdInGaSe, GaAs...



Wet coating of thin films

Thickness 50 nm -> few pum _



Deposition techniques

Spin-coating U % %
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Mains issues related to functionnal coatings

cracks rugosity

rains
texturation J \( pores
epitaxy

* Thickness, strains, cracks...

* Post-deposition thermal treatments (600°C few min...)
* Hydrolytic properties

* Alcaline diffusion / buffer layer

* Mecanical properties (indentation, Opel, Taber)

e Large scale deposition process



Crack issues...

Strains (densification, capillary stresses)
IR
e 2

3 s
s

» Critical thickness (few 100 nm — few pum)

» Hybrid precursors




Composite coatings

7S

Functionnal system
-  Molecule

- Nanoparticles

- Porogen agents

Binder



Silicate Binder chemistry
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Colloidal silica / alcaline silicate / Ca(Acetate)



Hybrid organic/inorganic coatings

Appropriate dispersion requires grafting on the silicate finder
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Composite coatings with nanocristals

Nanocristals exhibit remarkable properties modulated by size / shape / surface...

Absorbance / luminescence / (photo)catalysis / transport ...

Alexei Ekimov




Composite coatings with nanocristals

Remarkable ability to control nanocrystals size/shape/dispersion
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Dispersion issue...




Composite coatings with nanocrystals — plasmonic Cs, WO, 5

Highly doped semiconductor exhibiting Near Infra-Red absorption

Dispersion issue : Glycidol functionnalization
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Composite coatings for solar NIR screening

TEM cross section of the composite

Solar irradiance (W.m~2.nm™1)
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Colloidal micellar assemblies

micellar assemblies of surfactants
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Porous silica coatings
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Organized mesopore 3D arrays
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Functionnal coatings from mesoporous silica layers

AR coatings Host for organized arrays of NP
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Microporous to macroporous

A. Huignard / S. Besson

latex spheres
30-100 nm

Adjustable porosity
Dense silica walls

High stability toward ageing

Francgois Guillemot PhD SAﬁ%m



AR coatings for photovoltaics

2 layers

3.0F

20F ¢

(T'To)/ To (%)

0.0 | ] | 1 | T
300 400 500 600 700 800

wavelength (nm)

SGG commercial product



Photocatalytic coatings
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» Enhanced performance : optimized microstructure and visible light activation



Highly porous photocatalytic coating G

TiO, preformed colloidal
particles (commercial)




Enhanced performance
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» x10 improvement of photocatalytic quantum vyield
» Applications under low UV conditions
» Visible activation through N doping

Clarisse Durand, Morgan Gohin, Emmanuelle Allain — Sophie Besson - Léthicia Guéneau — Nicolas Chemin  s;\tcosan



Photocatalytic reduction toward metal/dielectric nanocomposites

Initial staté

T. Das Gupta, J. Corde (CNRS PhD)

hole
scavenger
(ethanol)

Spin coating of R
pin g Second NS-Ag o6
Sodium Acetate caldnation
trihydrate on exchange
step at
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SiO,-TiO, layer 4507C

1min. 2min.

 Se——
oI 7'




Tunable metal loading - Insulator to metal transition

Percolation threshold
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Coatings from nanoparticles
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YVO,:Eu
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Silica Silver
YAG:Ce

Diamond



Particles grafting on surfaces

Electrostatic grafting :

L)

1. Polyanion

—
2. Wash

SAINT-GOBAIN

© o i Gold particles
> for plamon
= exaltation in
SO, Na* luminescent
) ) coatings

» very simple to achieve with good density control (random)

JongWook Kim, M. Bérard, A. Huignard



Liquid deposition of NP and CVD growth

Diamond nanoparticles as seeds for CVD diamond films
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Vapor precursors Vapor precursors

L. Dai (CNRS - LPICM)



Rare earth doped nanoparticles

LaPO,:Ce3* LaPO,:Eu3+ Y;Al;04,:Ce’t
LaPO,:Ce3*, Th3+*

Emission intensity (a.u.)
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A. Huignard (CNRS PhD), G. Mialon (CNRS PhD), L. Devys (CNRS PhD)



Spray deposition of luminescent thin films

iﬁrap =

Grand, = 62.32 KX EHT= 100nm MEB = Utra 55
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Arnaud Huignard - Vincent Rachet - Blaise Fleury (CNRS PhD)



SAINT-GOBAIN

Aranud Huignard, Vincent Rachet (SPOT ANR Project with Rhodia)



Light management in optical coatings

v

Functionnality optimization :

intrinsic nature of the Structure of the active Global film microstructure
optically active material material
e absorption cross section e morphology, size e light propagation
e internal quantum yield e |local microstructure

e photostability

» Design of the film dielectric microstructure for optimized light propagation



Structuration through embossing / imprint
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Amélie Revaux (CNRS PhD), Lucie Devys (CNRS PhD), Barbara Brudieu (SGR PhD) + SVI (Alban Letailleur...) S"NToBAN



Photostructuration of sol-gel azo-based coatings

N
O SAINT-GOBAIN

sol —gel films

® & o
glatmgs are obtail

e basic effect used
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Nicolas Desboeuf (CNRS PhD), Sylvain Chevalier (CNRS PhD)



Bragg mirrors elaboration from sol-gel TiO,/SiO,

5 vol ol q 0.35 volumes 1 volume d’
7‘3, \0 umes 1, volume e d’isopropanol isopropoxyde de titane
d’éthanol tetraéthylortosilicate CH;CHOHCH; Ti(OCH(CHs),)s
C,HsOH Si(OC,Hs)4 \ (ALDRICH, 97%)

mélange de 10 minutes
mélange pendant 1 heure 1.1 volumes d’acide acétique
CH,;COOH
l I
0.4 volumes d’acide mélange de 15 minutes
chlorhydrique (HCI) 3
a 0.02 molaires 2.6 volumes de méthanol
l CH,OH
attendre 12 heures l

avant utilisation mélange 1 heure avant utilisation




Alternate dip-coating deposition

Compensation des contraintes (900°C - 1 3)

60 couches alternees SiO, / TiO, sans
craquelures ou rugosité importante



Bragg mirros elaboration from sol-gel TiO,/SiO,

400 nm

PhD thesis Sébastien Labaste, Lyon

TIO, (88t 1nm)
Si0, (82 £1 nm)

miroir de Bragg

couche active de SiO,

miroir de Bragg

substrat de silicium

TiO, layer

Si0, layer

TiO, layer

Fig. 4. TEM enlarged image of a cavity shown in Fig. 3. The SiO,
middle layer is inserted between two TiO; layers.



Bragg mirrors

Macroporous silica layers (n=1,24)

SAINT-GOBAIN

Polymeric TiO, (n=2,08)

%0 I 2.=430nm

Réflexion (%)

400 ' 600 ' 800 ' 1000 ' 1200 ' 1400
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430nm 570nm 640nm 780nm 965nm
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» Simple process, tunable properties

3.0V x50.0k SE(U)

Barbara Brudieu (SGR PhD), Fabien Sorin, Fran¢ois Guillemot, Jérémie Teisseire



Light trapping in Photovoltaic absorbers

Increase of optical path length in absorbing layers

Réflexions

d Absorption - ’

Couche antireflet

Structure de diffraction

=P & couplage
2\ 3 Couche réfléchissante
\
Transmission

-

/ Absorbing layer (a-Si:H)

— Embossed 1D PhC

DBR + 1D CP (a=225nm) + a-Si:H
——

DBR

- Diffraction
dans la

substrate
couche

Fabien Sorin, Barbara Brudieu (SGR PhD), Jérémie Teisseire, Iryna Gozhyk



Exalted absorption in a-SiH layers

a-Si:H : 100nm

100
90
80 | a-Si:H +
[ DBR + CP

Absorption (%)

1 L L 1 "
400 500 600 700 800 900

A (nm)
P A:P=1500nm ===« 343%
— 25.1% B : P=500nm - a 41,2%

D:P=225nm e 49 7%

Barbara Brudieu (SGR PhD), Fabien Sorin, Frangois Guillemot, Jérémie Teisseire, Iryna Gozhyk



Conclusion

» Chemistry and liquid desposition routes offer unique opportunities for innovative
products

» Gap between lab and industrial product
e Academic collaborations
* hard work of process engineering

» Interactions between wet coatings and PVD (magnetron) or CVD

» Important general issues:

» Deposition processes, homogeneity over m? surfaces
 Thermal treatments (laser...)

* Binder silicate chemistry

* Substrate/coating interactions

e Strain control in sol-gel thin films
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