3.1 transparent conducting oxide electrodes (TCO)

3.2 electrochromy

3.3 electroluminescence (OLED, nano-based LED)

3.4 planar waveguides and NIR amplifiers in photonic circuits
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Figure of merit ~ T/R
R =p=1/eNpu

R: lateral resistivity

resistivity

. carrier mobility
thickness

. elementary charge
optical transmission

: free carrier concentration

Desired parameters:

T (400-1200 nm) > 80%
E,>3eV

N~ 1020 -10%t cm-3

u> 100 cm?V1s-l
t~500nm -1pum
p<104Qcm
R<2Qsg.t(t =500 nm)

Application domaines:

Photovoltaics (CdTe, Si, CIGS)
Telecommunication
(LCD, OLED, electrochromy)
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Frost in Sweden

Transparent conductors as solar energy materials: A panoramic review

Claes G. Granqvist™

solar Energy Matenals & Solar Cells 91 (2007) 15291598
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TCO n-doped
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Substrate Heater

Substrate

-
Distance Height
I/"

Shutter

C: Concentration

Q Carrier gas q . Sﬂll.ltion flow
Q : Carrier gas flow

g‘;‘;t‘gf Ts : Substrate Temperature
d : Distance

Nozile

Ts

Furnace

Chemical spray
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Pulsed Laser Deposition

Spray pyrolysis

SPRAY PYROLYSIS

Spray nozzle
Aerosol
ﬁ’

Sputtering

Sputter cathode
/ Vacuum chamber

—_—

QOO0

Heated glass

ZUnhaatad glass
Sputter plasma

Chimie douce

MONITOR

H&C dip/spin recuit

— % So| — Gel —— Films
& oo
OO

polymérique particulaire

molécule
alcoxylée
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condensation
dans mesopores

Infiltration ; |
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ISAM = “ionic self-assembled monolayer”, Chem. Phys. Lett. 1998, 298, 315
HAuU CIA(NaB H,/H,O/PDDA

o, o (Aldrich)
Yo
l =" PDDA

Sol: Au:PDDA Tow™ e

size: 3-6 nm

l Spin-on |CH3
H,C— C
O O OO0 O © 3 lﬁ;
NH
4
washing & 2
deposition of Poly s-119 Poly s-119
~ W (Sigma)
~61 S/oOvoLAO S - H
SO5 par
12 times repeated coatings N
~—/a (69:69"\%@{&9 thickness : 50 nm
P SLaceni/ee! S R=10%Qcm
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Initial state
uncolored

AT : thermochromy
E: electrochromy
hv: photochromy

H,/O,: gasochromy
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Coloration in
reversible redox

process

Ox

uncolored Red

colored

©)

CEA)=n=A0.D.(A)/Q [cm?C1]

CE =coloration efficiency
O.D. = optical density
Q =charge transfered per cm?
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S3a ag®.

L. Spanhel

PR LY
%‘E‘Nsiﬁ

%Nﬁ faa



Alkyl-viologenes (methyl-, ethyl-)

AUSVR

100
@ 90
3= 80
= oV
2 e 0.3V
&0 0.5V
' * v + T .E -
R N N R £ 50 ~+-0.65V
= 40 ==0.8V
= v
= & 1.2V
Heversikle Irreversible e
+4 - + . 10
EV te - EV/ +e — .
Transgarent intense Blue Pale Blue 400 450 500 550 600 650 700
Wavelength (nm)
.Q,‘-{Q‘EHSI%.
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colored
WO;+ne +n M* < M WO,

W6*.O2--\\6* W6*-O2-H*(W5*)

Anodic Coloration:
NiO, CoO, Cu,0, IrO,

colored
Ni(OH)2 <~ NIiOOH + H* + e
NiO + Ni(OH)2 < Ni,O; +2H*+ 2 e
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energy

WO,

BV

BC

BC —

NiO

e

[ |
anode
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©

storage transparent
of ions electrode

glass
or transparent | sctive zone ionic
plastics | electrode conductor
ITO, FTO, <
AZO

molecules
nanoparticles
org. polymers

Good conductor

(ionic/electronic!)

Life time: 10.000 - 100.000 cycles
(5-20 years)

NERS/,
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H*,Li*,Na* ITO, FTO,
AZO

lonic conductors

Gels, membranes:

- 2r0,, Ta,Og

- organosiloxanes

- org. polymers: PEO, PVA

glass
or
plastics
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ITO
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©
WO,

or
TiO,/MV?2*

electrolyte

Li*

ITO

ITO

N\

Ni(OH),

Catodic Coloration with propulsion
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Pilkington, St Gobain,
Daimler Chrysler
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Application domains:

1. Bio-imaging systems
2. Electroluminescence (displays)
3. Photonic circuits: amplifiers (LASER)

L. Spanhel
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Lumiéere
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Absorption Lumineszenz
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Wavelength, um
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Figure 1. Bepresentative room temperature PL (2) and absorpti
spectta of DT-capped HgTe NCs in CCly. The insets show tlh
dependence of the PL peaks with the corresponding guantum effics
(a) and illustrate the phase transfer completeness for MEA used as
stabilizer ().

Absorbance

Energy (eV)
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9984 J Phys. Chem. B, Vol 106, No. 39, 2002
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PEG-ZnO nanocomposites

H.M. Xiong et al

Adv. Funct. Mater. 2005
Adv. Mater. 2006

Li-ZnO-SiO, ,,core-shell”

PMMA-ZnO ,,core-shell*

X.Yu et al. J. Lumin. 2006
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Ox-Red

©

anode

ELE =N = Pightout / Pelin

ELE = electroluminescence efficiency
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Couche entre 2 électrodes
p* anode

1 1 iy
mi LT
L u I n 0 p h O r e S ..-:..-:_.i:_.i.'_.-:.. u '-l-Hfﬁ.:ﬁ-:ﬁ-:ﬁfﬁ-:ﬁ.:‘-f'-f'-.:ﬁ-:ﬁ-: i.'..-
e T

R

P T T T, P T D D L e D T D D e L T e D LT

Systemes a plusieurs couches

Cathode Cathode Cathode Cathode
ETM _ETM
n-type Emitter Emitter
p-type Emitter

HTM HI'M
Anode Anode Anode Anode

a h. ¢ d

Emitter
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Poly-(3,4-ethylenedioxythiphene)
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Le gap augmente
guand L diminue

orhitales
antiliantes

b d'énergie
orhitales
liantes

Nombre d'atomes

2 3 4
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(CH), +xy(1,51,) > [CH(), ]

ey REduction —, électrons —, semi-conducteur ‘n’

(CH), + xyLi* +Xxye > [(LIM), (CH)¥,

La conductivité passe de 10° a 10° S/cm
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Electroluminescence avec nanostructures semi-conductrices

« Band gap engineering » avec nanocristaux quantiques
Taille moyenne: 3 nm —10 nm

Semiconductor

Bandgap/ excitation energy (eV)

&  Semi-metal
| L L T rr v &« ° ¥ °r 1 1
Qo 8 @ @ ] {4 W ] Qo
eae a3 LEg33eeade
o o O ¢ I IO~ = o o [ [ Y |

L. Spanhel




Wavelength, um
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QE (%) PL peak (pm)
&0

PL (normalized)

12

Mes size (nm)
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—

Absorbance
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Langmuir 2006, 22, 2207-2410
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Electroluminescence in nanocrystalline bilayers
[AF*@ZNnO / Mn2*@ZnS - Znl,/ Al]

Znl,(TBP),— infiltre

VI

-+ > |
J|
H2_
BHE
> G
J
=D ﬂill :iﬂﬂ) :inn) Z}iZE
ANrmh

J. Phys. Chem. B 1998
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Glass lid

Seal

Thin film

encapsulation ~—

Desiccant

Thin Film Encapsufated on Plastic

barrier coating

OLED
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Miniaturized plastic TV
(180000 pixel, at present 500000pixel)
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LASER

NERSY
S3a ag®.

PR LY
%‘E‘Nsiﬁ

%Nﬁ w

anti-reflection coatings, mirrors, filters

AARIMIIHTIIITITIIITNNIINN

waveguides

» Amplifiers

A

Photonic cavities
Photonic crystals

Nonlinear optics
Holography
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Layer T

" substrate

laser diode

b)

&, (xy) m oC . n

film

e) ~e 9/
f)

Fig. 213: Methods of optical coupling by means of: (a) a lens; (b) end-butt coupling;
(c) prism; (d) grating; (¢) tapered coupler; (f) coupling by optical tunneling.
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Variation

Cristallites d’épaisseur °
Joints de grains etfou

d’indice

Rugosité aux interfaces

afem]=""19 i [dB-cm™]

Craquelures Défauts c . .
o) Conings Light scgtte.rlng in
1cm filmgubstrat composites:
|
3 1 r]particule
Tl DO-=0325-®, xR} | ks 1

matrix
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Desired quality:

1 dB km-! (longe distances)
0,1 dB cm (short distances)

sol-gel derived materials:

1. organosiloxanes:
ky~0,1dB cmt

2. Metal oxides
TiO, (2,7) ; Zr0O, (2,2) ; ZnO (2)
ky~0,5-2dB cm

3. Polymers
PMMA
ky~10dB cmt

Origin of opt. absorptions:

TELECOM domain 1 - 2 um:
vibrations of OH’s, CH'’s

Electronic transitions of foreign atoms

Silica: <250 nm
Polysiloxanes: 300 - 400 nm
Polyphosphazenes: <220 nm

vvv A|

v "
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Fabry-Pérot coatings L visioe P
80 -/‘I’”'#F??‘i“—‘—n - 28%
RL = 65%
diélectrique ke s / S STL=m%
miroir = 60 RL=6%
- 2 PL‘ ‘/ /
T|02 Z Ei i 1
Ag g 11/
o
' f'T ‘ _',’.{ I {U / Glass/Ag (20 nm)
| :"F Glass/TiOZ (30 nm /AL él] nm jf !"I:}E {30 nm}
{’ﬁf\ ""‘3'4 ? 7 | .- JiAg ?__;, _
11

300 B0D 1300 1800 2300
Wavelength (nm)

A3 L TR

X 100000 SO0
no LM . HON BOsas
1LOZA4A x 10Z4

Dépo6t des couches minces
via “sputtering” UV-vis

Source: St. Gobain

Herve Arribart
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Ag miroir

Tity,
Layer

CdSe absorption

3
L]
S
B
8
|

500 B0 700
wavelength (nm)

Cavity refl

‘480 s 80 80
Wavelength (nm)

Microcavity strongly doped with CdSe nanocrystals

5. Rahaste!, J. Bellessa!s*, C. Bonnand®!, J.C. Plenet!, and L. Spanhel®

! Labaratoire de Physique de la Matitre Condensss et des Nancstructures, Université Claude Bernard Lyon 1,

CHRS-UMR 5586, 43 boulevard du 11 Novembre, 69622 Villeurbanne Cedex, France
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Critical parameters:

1. N = 10%° - 10%! Er**/cm3
2. Mean life time of fluorescence (ms!)

: Quantum yield of fluorescence
4I Phonon relaxation
11/2
W, W
Dexter energy transfer n= — —
W +W W +Ae™"
4| / Er-O-FEr
13/2
MxFy OH — : : :
- © p = phonon = [attice vibration
i | N p=AE/hw=6537cm?/ hw
y i 1.54 um
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P=AE/hw=6537cmY hw

Vibration hw (cm?1) | p-phonons
B

¥ O —Er-0-Er O-H 3000-3500 2

C-H 2800 2-3

P-O-P 1300 5

Si-O-Si 1000 6

M,O, 300-800 8-20
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. . : fluorures 200-400 15-30
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Er@CdSe
1,7 nm cluster

/

Er@zZnO

5 nm nanokrystal

Er-@APTES
omplex
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Er:ZnO synthesis

Me,N-OH
\ / > 1-10 at.% Er(OAc);

s 5-10% TEOS
| Y

Zn0O 2-3 M Er,Si:Zn0O-Sol

- S Dipcoating

5nm ‘sintering
Y
Films
1.53<np<1.7
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O-Si-0O-Si
OEt
O - Si
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5 at.% Si/ 10 at.% Er/ ZnO

83 nm I 0% Er J\

A

ZnO JCPDS [140653]
] |

Er,0, JCPDS [431007]
[ R T

20 25 30 35 40 45 50 55 60
2 theta [°]
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Fh——-W*-—--- % 2 dB/cm T

- 1T
980 nm Pumplaser

-

durchstfimmbarer

750°C; T~ 8 ms

(b} Laser 1456-1584 nm
N
0
@
(@) o xyz Piezo  ErZn0O Xz
E Oo C < 50 Tisch Welenleiter  Tisch
A ;T HS
£ (1]
=
3 Zﬁg‘fﬂi’ﬁiﬁg&
al 400°C . .
: . : . : : : Optischer Netto Gewinn
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g = koeficient zesileni
L = délka excitace

g =80 - 100 cm-t/500 pm
Vykon Laseru < 70 mW
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Chapter 4
Fractal approach to
physical chemistry and materials science
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Chap. 4.1 Dimension d’un objet - D

C C 0

L, = A, = V, = = (r/4)03 = (n/6)03

a (2 3
On se propose d’occuper I’espace de dimension 1, 2 ou 3 de la longueur latérale - L
avec un nombre N des initiateurs (molécules) ayant longueur (de liaison chimique) €

N(L):mL1 D:|Og N
N(L)=nLl> + N(L)~CLP log L
NL)=pL* J jogN(L)=log C +D log L

Relation générale pour les objets
de n’importe quelle dimension
O0<D<3!
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Concept of dimension - D in regular systems

:LILTO logL

D = dimension of an object

N = generator (collection of initiators) D(line) = Iim f0g- =1
L = linear size of the object L= |0g 2
- D(square) = Iimlo—g4=2
L9w|092
~ log8
initiator D(cube) = Jiﬁl@ =3

generator
N = 2 (line)
N = 4 (square)
N = 8 (cube)
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D = dimension of an object Their density drops with increasing size
N = generator (collection of initiators)

L = linear size of the object

initiator generator
. N=3
A g D (triangle) = |imm£=1,584
L—>» |og 2
L=2
N=5
O D(carré) = lim 1905 _ 1 465
L=3 L= |og 3

NERS,
S3a ag®.

L. Spanhel

PR LY
%‘E‘Nsiﬁ

%Nﬁ b



Constructions répéetitives
(“iteration based construction”)

extension shift operation

S ERS
Sha g,

L. Spanhel
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k=0

L:Cte

k=1 k =2 k=3

contraction shift operation
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AB,

Initiator 1. Generation
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log 6
log

=2,585 N=6K L=2kK
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‘ \%:I E:E Gravure al ’acide

:E (ou corrosion)

stochastique
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F(z)=z>-p
z=ic,+¢c,

%, Fo) H—— 1z

N S

La pomme de
Benoit Mandelbrot
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Sierpinski carpet Menger sponge

Koch curve
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Classification of fractals and summary of fractal rules

1. Formation par voie itération
soit I'extension soit subdivision
2. Autosimilarité
I'observation du méme image sous n’'importe quelle résolution

3. Types des fractales (en longueur, en surface et en volume)
aeérosols et poussiéres fractales: 0<D<1

périmétres d'un grain ou d’une ile,

surfaces planes (mosaiques) 1<D<2
surfaces rocheuses, rugueuses D >2
agréegats colloidaux, eéponges 2<D<3

4. Masse volumique n’est pas constant dans I’espace fractale!
conséquence: distributions multimodales de pores/particules souvent observées

5. Dimension fractale reflet le mécanisme de croissance

structures déterministes (régulieres) et stochastiques (irrégulieres)
on trouve structures differentes ayant la méme dimension fractale!
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Chap. 4.2 Mesures expérimentales de D,

¢—~>0 log (1/€)

- e =¢8/L
l “yardstick”
Nombre des pixels > N(S) ~g- D .
carrés
billes l
molécules

D

Nombre des détails ~ (résolution d’une mesure)

Stratégie principale:
On cherche a compter le nombre de détails en fonction de la taille du segment ¢
choisi pour le recouvrement d’une structure complexe
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“Standard tiling relations”

grandeur ~ (résolution d’une mesure) (D, ...

Power law!
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“box counting method”

“sandbox method”
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Dimension fractale de la cote littorale de

Grande Bretagne D; = 1.31

Log N

Cluster dendritique de zinc formé
en électrolyse, D; ~ 1.7
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Pente =D > 2 /2-D=0
Log A Log A
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Log & Log €
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o TYPE V
TYPE IV

Yolume adsorbé

? P s s -
- SRR R

Pression

Mésoporosité, 2 nm <R, <50 nm

R,=-2yV,/RTIn (p/p°)

R,~1/In (p/p°)
" e=R, — V ~R,3"P~[In (p/p°)] O-°

V= NEeg3~gP
Autre option: variation de la taille des molécules (&) appliquées en physisorption
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Continuum Network

Surface
Particle

log intensity

log scattering vector

Fig. B2, Small-angle scattering curve for a disordered particle network. All structural fea-
tures gppear in the corresponding regions of scattering vector 4. R and r denote a mean clus-
ter and particle size, respectively; exponents D and D, determining a power-law decay, are a
measure of the morphology of network aggregates and particle surfaces, respectively.
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A SV,

D; a partir des mesures de fluorescence

O soit molécules organiques

Transfert d’énergie | Soit lanthanides

Accepteur

Donneur singuliere Pair Donneur - Accepteur

[ I — I e-t/T A t (t )B
In (I/1p) 0 In (1) A-I-A %
1/e—+---f-eeo .
Théorie de
t = 0 T
[ >

[
»

t=0 Klafter-Blumen
|
[

t =temps (ns, us) t =temps (ns, us)

s, B =D/s =0,5 pour le réseau non-fractal avec s = 6
“IML S = 6 implique I'interactions dipdle - dipdle
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