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Wet coating

Surface modification through chemical reaction
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Functionnalorganosilanes

Silanization

Largevariety of functionnalsilanes :
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Perflorosilane precursorsfor hydrophobicwindows
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Playingon precursorstructure forenhancedunctionnality
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Someimportant issues
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A The structure of the layas not asidealas in thescheme
aboveX

™

Stability issuedoward ageing: UV / Water /mechanical
abrasion /dustdeposition

A Stabilitytoward glass surfacevolution¢ alcaline lixiviation

™

Environnemental issuaggardingperfluorinatedprecursors



Electrolessdeposition¢ silver miror

RO
]
DO

RCHO + 2Ag(NH3)T +30H™ 22, RCOO™ + 4NH; + 2H,0 + 2Ag
Metastablereactivesolution
Ag+/Ad singleatomsk,,=-1,8V Ag/AGHAY E-y= 0,4V
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Surface activation : PdO°
PP+ Pd° pdo

Rem :manyother compoundscanbe electrolessdeposited: Ni / Au, butalsoZnQO,
CdInGaSdsaAX



Wet coatingof thin films

Thicknes$0 nm-> fewrm %//////////////////////%



Depositiontechniques

Spin-coating U % %
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Mains issues related tdunctionnal coatings

cracks rugosity

rains
texturation X J \( pores
epitaxy

A Thicknessstraing& ONJ O & X

A Postdepositionthermaltreatments(600?/ FS g YA Y X0
A Hydrolyticproperties

A Alcalinediffusion/ buffer layer

A Mecanicalproperties(indentation, OpelTabe)

A Largescaledepositionprocess



Strains(densification capillarystresses)
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U Criticalthicknesqfew 100 nmc few nm)

U Hybridprecursors




Compositecoatings

7S

Functionnakystem
- Molecule

- Nanoparticles

- Porogenagents
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Silicate Bindechemistry

sol

TEOS
OR
/
RO —§ i
IH""""- OR
“OR

Alcaline silicates
NaxSiyOz

Hybrid silanes silatranes
OR -
/ (\ N/B
N ~or G“C+-*D

s}
L 0 |
R 0 0

OR. H

Solgelenamelcompositions
Colloidalsilica/ alcaline silicate / Cécetate



Hybrid organid inorganiccoatings

Appropriatedispersionrequiresgraftingon the silicateinder
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Compositecoatingswith nanocristals

Nanocristalexhibitremarkablepropertiesmodulatedby size /shapek & dzNJF | O

Absorbance / luminescence / (photatalysixk (0 NJ y & LJ2 NI X




Compositecoatingswith nanocristals

Remarkableability to control nanocrystalsizeshapédispersion
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Compositecoatingswith nanocrystalsg plasmonic CIVQ, 4

HighlydopedsemiconductomexhibitingNear InfraRedabsorption

Dispersion issueGlycidolfunctionnalization
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Compositecoatingsfor solarNIR screening

TEM cross section of the composite
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Colloidalmicellarassemblies

micellarassemblief surfactants
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Poroussilicacoatings
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Organizednesopore3Darrays
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Functionnalcoatings from mesoporous silica layers

ARcoatings Host fororganizedarraysof NP
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Microporousto macroporous

A.Huignard/ S. Besson

latex spheres
30-100 nm

Adjustableporosity
Densesilicawalls

Highstability toward ageing

Francois Guillemot PhD sﬁmﬁﬁﬁlﬁm



ARcoatingsfor photovoltaics W™
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Photocatalyticcoatings
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Photocatalysisind

hydrophylicity

U Enhancegerformance optimizedmicrostructure and visible light activation



Highlyporousphotocatalyticcoating e

TiO, preformedcolloidal
particles(commercial)




Enhancederformance

U x10improvementof photocatalyticquantumyield
U Applicationsunderlow UV conditions
U Visible activatiorthrough N doping

Clarisse Durand, Morga@ohin Emmanuelle Allairg SophieBesson LéthiciaGuéneaug Nicolas Chemin sﬁﬁf&ﬂolm



Photocatalyticreduction toward metal/ dielectricnanocomposites

hole

scavenger
(ethanol)

Initial staté

T.DasGupta, J. Corde (CNRS PhD)
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Tunablemetal loading- Insulatorto metal transition

Percolationthreshold
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Coatingsfrom nanoparticles
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Particlesgrafting on surfaces

Electrostatiggrafting :

Q
1. Polyanion S
o
2. Wash S
XS
oﬂo RO ®

s Substrate e

SO;~ Na*

U verysimple toachievewith gooddensitycontrol fandom)

JongWookKim, M. Bérard, AHuignard

SAINT-GOBAIN

Gold particles
for plamon
exaltation in
luminescent
coatings



Liquiddepositionof NP and CVIQrowth

Diamond nanoparticles as seeds for CVD diamond films

Vapor precursors Vapor precursors

L.Dai (CNRS LPICM)



Rareearth dopednanoparticles

LaPQ:Ce?* LaPQ:Eu3*
LaPQ:Ce3* Th3*

Emission intensity (a.u.)

0’1_5L6 U L 5D0-7F3 B
P R S ‘
400 500 600 700

wavelength (nm)

A.Huignard(CNRS PhD), Glialon (CNRS PhD), Devys(CNRS PhD)



Spray deposition of luminescent thin films

iﬁrap =

Grand, = 62.32 KX, EHT = 2,00 kV 100nm MEB = Utra 55
SAINT-GOBAIN N 1

Signal A= lnlens Date :13 Juin 2006

AEREARERER
5.0um

1kV x6k

ArnaudHuignardg VincentRachet- Blaise Fleury (CNRS PhD)



SAINT-GOBAIN

AranudHuignard VincentRachet(SPOT ANR Projewsith Rhodia)



Light management in optical coatings

v

Functionnalityoptimization:

Intrinsic nature of the Structure of the active  Global film microstructure
optically active material material
. N . N -
wabsorption cross section wmorphology size wlight propagation
winternal quantum yield wlocalmicrostructure

wphotostability

U Design of the filndielectricmicrostructure foroptimizedlight propagation



Structuration through embossing / imprint
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Photostructurationof solgel azebased coatings

N
O SAINT-GOBAIN

sol —gel films

® & o
glatmgs are obtail

e basic effect used

B24S2.5.0kV 16 3mim x4.50k SE(L)

NicolasDesboeufCNRS PhD), Sylvain Chevalier (CNRS PhD)



Braggmirrors elaboration from sol-gel TiQ/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-coatingdeposition

Compensation des contraintes (200 1 s)

60 couches alternees SiOTiO, sans
craquelures ou rugosité importante



Braggmirros elaboration from sol-gel TiQ/SIiO,

400 nm

PhDthesisSébastierLabaste Lyon

TIO, (88° 1 nm )
SiO, (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.



Braggmirrors

Macroporous silica layers (n=1,24)

Polymeric Ti®(n=2,08) e dbl,
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U Simpleprocesstunableproperties

BarbaraBrudieu(SGR PhD), Fabi&worin Francois Guillemot, Jérémie Teisseire



Lighttrapping in Photovoltaicabsorbers

Increaseof optical path lengthin absorbingayers

Réflexions

- \t ‘ ’ Couche antireflet

d Absorption

Structure de diffraction
& couplage

\

Transmission

-

, “\ Couche réfléchissante

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

——
/ Absorbingayer &-Si:H —
— Embossed DPhC
_\ DBR
\ - Diffraction
substrate — o

FabienSorin BarbaraBrudieu(SGR PhD), Jérémie Teissdinga Gozhyk



Exaltedabsorption in aSiHlayers

a-Si:H : 100nm
a-Si:H+
DBR + CP
-
A : P=1500nm 34,3%
25.1% B : P=500nm 41,2%
D: P=225nm 42,2%

BarbaraBrudieu(SGR PhD), Fabi&orin Francois Guillemot, Jérémie Teisselrgna Gozhyk



