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Wet coating

Layer deposition

Surface modification through chemical reaction



Glass surface modification - Molecular layers

Substrate

F F F F F F F F F FF F

Á hydrophylic / Hydrophobic

Á Demolding agent

Á Adhesion promoters

Á Coupling agents to biological

species

Á catalysis

Substrate

X-R-F



Functionnalorganosilanes

Silanization

Large varietyof functionnalsilanes :



Perflorosilaneprecursorsfor hydrophobicwindows
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           Glass SubstrateC8 ςC16 chains: functionnalityand packing

Playingon precursorstructure for enhancedfunctionnality



Someimportant issues

Substrat

F F F F F F F F F FF F

Á The structure of the layer isnot as idealas in the scheme
aboveΧ

Á Stability issues toward ageing: UV / Water / mechanical
abrasion / dustdeposition

Á Stabilitytoward glass surface evolutionςalcaline lixiviation

Á Environnemental issues regardingperfluorinatedprecursors



Electrolessdepositionςsilvermiror

Surface activation :

Substrate Substrate Substrate

Pd2+
Nuclei/
germ

Rem : manyother compounds canbe electrolessdeposited: Ni / Au, but alsoZnO, 
CdInGaSe, GaAsΧ

Metastablereactivesolution 

Ag+/Ag° single atomsEENH= -1,8V Ag/Ag+/Ag° EENH= O,4V



Wet coatingof thin films

coating

Drying / thermal treatment

Precursors in solution

partially condensed

Thickness50 nm -> few mm



Depositiontechniques

Spin-coating

Spray-coating

Blade/pool coating

dip coating

curtain coating

Ink jet



Mains issues related to functionnal coatings

Å Thickness, strainsΣ ŎǊŀŎƪǎΧ
Å Post-depositionthermal treatments(600°/ ŦŜǿ ƳƛƴΧύ
Å Hydrolyticproperties
Å Alcaline diffusion / buffer layer
Å Mecanicalproperties(indentation, Opel, Taber)
Å Large scaledepositionprocess

texturation
epitaxy

cracks rugosity

substrate
delamination

grains pores

grain 

boundary



/ǊŀŎƪ ƛǎǎǳŜǎΧ

Si(OC2H5)4 CH3-Si(OC2H5)3

ü Critical thickness(few 100 nm ςfew mm)

ü Hybridprecursors

Strains(densification, capillarystresses)



Composite coatings

sol sol

Functionnalsystem
- Molecule
- Nanoparticles
- Porogenagents

Binder



Silicate Binder chemistry

sol

silatranes

Alcaline silicates

Colloidalsilica/ alcaline silicate / Ca(Acetate)

HybridsilanesTEOS

NaxSiyOz

Sol-gel enamelcompositions



Hybridorganic/ inorganiccoatings
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photochromic
dithyenylethène

e/h transporter for OLEDs

photochromic
Azobenzenederivatives

Appropriatedispersion requiresgraftingon the silicate finder

JP Boilot
F. Chaput



Composite coatingswith nanocristals

5 nm5 nm5 nm5 nm

Nanocristalsexhibit remarkablepropertiesmodulatedby size / shapeκ ǎǳǊŦŀŎŜΧ 

AlexeiEkimov

Absorbance / luminescence / (photo)catalysisκ ǘǊŀƴǎǇƻǊǘ Χ



Composite coatingswith nanocristals

2 nm2 nm

MoungiBawendi
C. Murray / D. Norris

5ƛǎǇŜǊǎƛƻƴ ƛǎǎǳŜΧ

Remarkableability to control nanocrystalssize/shape/dispersion



Composite coatingswith nanocrystalsςplasmonic CsxWO3-d

sol

HighlydopedsemiconductorexhibitingNear Infra-Redabsorption

Dispersion issue : Glycidolfunctionnalization

Louise Daugas, PhD ςK. Lahlil- JW Kim



Composite coatingsfor solarNIR screening

Thickness Tvis ANIR

5.9 µm 80% 74%

TEM cross section of the composite



Colloidalmicellarassemblies

micellarassembliesof surfactants



Poroussilicacoatings

mesopore
(2-10 nm)
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Catherine Jacquiod, Sophie Besson, Muriel Matheron

FollowingMobile OilCorp. work on the developmentof poroussilicafor catalysis



Organizedmesopore3D arrays

a b

50 nm
c

50 nm
d

CTAB

Copolymère

a=5.6 nm
c=6.2 nm

a=16 nm
b=10 nm
c=23 nm

Sophie Besson (PhD-SGR), Catherine Jacquiod



Functionnalcoatings from mesoporous silica layers

AR coatings
Host for organizedarraysof NP

Reservoirfor active molecules(photochromic, hydrophobic)



Capillarycondensation and contaminent adsorption
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üAmbiant moisture

üOrganic pollution

Kelvin law :
Increasepore size!



Microporousto macroporous
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organic porogen agent

latex spheres  

30-100 nm

P=78 % P=48 % P=34 %

P=44 % P=35 %P=64 %

200 nm

François Guillemot PhD

A. Huignard/ S. Besson

Adjustableporosity
Dense silicawalls

High stability toward ageing



AR coatingsfor photovoltaics

200 nm

1 layer

n = 1.23

2 layers
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SGG commercial product



Photocatalyticcoatings
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200nm

SGG Bioclean:

Photocatalysisand 
hydrophylicity

ü Enhancedperformance : optimizedmicrostructure and visible light activation



Highlyporousphotocatalyticcoating

50 nm
d

Mesoporoussilica TiO2 preformedcolloidal
particles(commercial)

+



Enhancedperformance

50 nm
Glass

Air

ü x10 improvementof photocatalyticquantum yield
ü Applications underlow UV conditions
ü Visible activation throughN doping

Clarisse Durand, Morgan Gohin, Emmanuelle Allain ςSophie Besson - LéthiciaGuéneauςNicolas Chemin  



Photocatalyticreduction toward metal/ dielectricnanocomposites

Initial state 20 sec. 40 sec. 1min. 2min.

50 nm

Ag+

T. DasGupta, J. Corde (CNRS PhD)



Tunablemetal loading- Insulator to metal transition

Piezoresistive device
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Joëlle Corde, T. DasGupta (CNRS PhD)

Patterned

electrodes

Percolation threshold



Coatingsfrom nanoparticles

TiO2

Silica

Gold

Silver

Diamond

YVO4:Eu

LaPO4

YAG:Ce



Particlesgraftingon surfaces

++
+

+ +

++
+

+ +

ü verysimple to achievewith good densitycontrol (random)

Electrostaticgrafting : 

Gold particles

for plamon

exaltation in 

luminescent 

coatings

JongWookKim, M. Bérard, A. Huignard



Liquiddepositionof NP and CVD growth

SnO2 catalyst for PECVD growth of Si nanowires

Diamond nanoparticles as seeds for CVD diamond films

L. Dai (CNRS ςLPICM)



Rare earth dopednanoparticles

YVO4:Eu3+ LaPO4:Ce3+

LaPO4:Ce3+ ,Tb3+

LaPO4:Eu3+
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A. Huignard(CNRS PhD), G. Mialon (CNRS PhD), L. Devys(CNRS PhD) 



Spray deposition of luminescent thin films

Arnaud HuignardςVincent Rachet- Blaise Fleury (CNRS PhD)



Transparent PlanilumςSPOT Project

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



Light management in optical coatings

intrinsic nature of the 
optically active material

ωabsorption cross section
ωinternal quantum yield
ωphotostability

Global film microstructure

ωlight propagation

Structure of the active 
material

ωmorphology, size
ωlocal microstructure

üDesign of the film dielectricmicrostructure for optimizedlight propagation

hn

Functionnalityoptimization:



Structuration through embossing / imprint

1 µm

Amélie Revaux (CNRS PhD), Lucie Devys(CNRS PhD), Barbara Brudieu(SGR PhD) + SVI (Alban LetailleurΧύ 



Photostructurationof sol-gel azo-based coatings

1mm

hnhn

Nicolas Desboeuf(CNRS PhD), Sylvain Chevalier (CNRS PhD)



Bragg mirrors elaboration from sol-gel TiO2/SiO2



Alternate dip-coatingdeposition

Compensation des contraintes (900°C - 1 s)

60 couches alternées SiO2 / TiO2 sans 

craquelures ou rugosité importante



Bragg mirros elaborationfrom sol-gel TiO2/SiO2

TiO2 (88 °1 nm )

SiO2 (82 °1 nm)

PhD thesisSébastien Labaste, Lyon



Bragg mirrors

1µm

Macroporous silica layers  (n=1,24)

Polymeric TiO2  (n=2,08)

430nm 570nm 640nm 780nm 965nm

2,5x2,5cm²

Barbara Brudieu(SGR PhD), Fabien Sorin, François Guillemot, Jérémie Teisseire

ü Simple process, tunableproperties



Light trapping in Photovoltaicabsorbers

DBR + 1D CP (a=225nm) + a -Si:H 

Diffraction 
dans la 
couche

Fabien Sorin, Barbara Brudieu(SGR PhD), Jérémie Teisseire, IrynaGozhyk

substrate

DBR

Embossed1D PhC

Absorbinglayer (a-Si:H)

Increaseof opticalpath lengthin absorbinglayers



Exaltedabsorption in a-SiHlayers

a-Si:H : 100nm

42,2%

34,3%

41,2%25,1%

a-Si:H A : P=1500nm

B : P=500nm

D: P=225nm

42,2%

34,3%

41,2%

a-Si:H+ 
DBR + CP

Barbara Brudieu(SGR PhD), Fabien Sorin, François Guillemot, Jérémie Teisseire, IrynaGozhyk


