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Techniques de dépo6t des matériaux organiques
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Le CEA, un fort ancrage regional

Sciences nucléaires,
technologies numériques,
sciences du climat,
biomédical

ILE-DE-FRANCE

Matériaux et

nouvelles technologies
de I’énergie

CENTRE, BOURGOGNE d———
ET RHONE- ALPES Le CEA, u Tt

Micro/Nanotechnologies,
nanobiotechnologies

RHONE- ALPES

/;
Lasers et plasmas
AQUITAINE

Le nucléaire : fusion, fission, déchets
PACA/VALLEE DU RHONE
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Laboratoire d’Innovation
pour les Technologies des
Energies nouvelles et les
Nanomateériaux
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Photovoltaique et
Gestion de I’Energie
pour I’habitat

Le CEA LITEN améliore chaque jour les :

techniques de maitrise de I’énergie :
-Résidentiel ou tertiaire

- Vision “systéme énergétique global”. :

Cellules PV

>filiere silicium

»filiére nanocomposites
® Modules PV

® Systémes

® Stockage de I'énergie

Hydrogene et Pile a
combustible pour les
transports
Le CEA LITEN développe la filiere

hydrogéne :
-Production

-Transport et stockage

-Conversion

® Production d’hydrogéne notamment par

électrolyse haute température
® Piles a combustible

» PEMFC

» SOFC

® Architecture des systémes

Nanomatériaux et leur
intégration dans
I'industrie de pointe

Le CEA LITEN
nanomatériaux :
-Synthése
-Manipulation, sécurité et intégration

développe les

® Micro-sources d’énergie a base de nano-
objets

»micro-pile 8 combustible

> Micro-batterie

»Micro générateur thermoélectrique

®Surfaces nanostructurées
> Energie de surface
»Nano-catalyseurs

®Nanopoudres
®FE|ectronique imprimable
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Electronique organique (EO)
I'élément actif est un matériau constitué
d’'une grande assemblée de molécules
ordonnées ou non.

Electronique plastique

i.e. souple, pas nécessairement

Cellule solﬁire _ FO_LED ] performante en terme de densité

photovoltaique organique Universal Display d’intégration, mais facile a produire,

(CEA) Corporation bas coiit et qui vise des applications
grand public.

Electronique Moléculaire (EM) basée ) . -

. s 1 NTC connecté entre deux électrodes métalliques
sur des composants actifs constitués d’'un J. P. Bourgoin et coll. Phys. Rev. Lett. 95, 185504 (2005)
édifice moléculaire : molécule organique
(petite molécule, oligomére ou polymere),
fullerene, nanotube de carbone ...
L’échelle de ces composants se situe dans
la gamme de un a quelques dizaines de
nanometres.

Source: OMNT Electronique Organique
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Les diodes électroluminescentes organiques

Introduction
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Electroluminescence : Generation of light with electric field

_ Cathode
i i i.e. met
The basic device structure ' / (ie. metal
consists of:
3.A transparent electrode (ITO)
1l ~o010vVDC
4.An emissive layer

5.A reflective electrode (metal) /' ‘-\
Substrate _\ N Emitting layer

(glass) Anode

(i.e. Indium Tin
Oxide)
Thin layer devices from organic dyes or conjugated polymers

Organic layer thickness : ~150 nm
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> Applicatior@

_—>_Thin ﬁlms>
_> Single crysta}

I RO R SN AN S R N
1960 1970 1980 I 1290 2000 2010

Pope (1963) Tang, VanSlyk (Kodak, 1987)
Helfrich (1965) I

Burroughes, Bradley, Friend (Univ. Cambridge 1990)
i

First commercial product (Pioneer — Japan 1997)
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Electroluminescence was observed

W. Helfrich et al.
Phys. Rev. Lett. 14, 229 (1965)

5 mm thick crystal
El quantum efficiency ~ 1-5%

High driving voltage

Good understanding of the basic physical processes involded in electroluminescence like

from single crystals of anthracene.
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double injection, charge carrier migration, electron-hole capture (exciton formation),

and light emission (fluorescence)
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OLED Roadmap

2nd material generation

Flexible OLEDs

Small Area
Full-color Large Area OLEDs
OLED Product
Products ety
Prototypes

EEE
! == Full-colar

iz Product

Prototypes
Small Area 0
“ Multi-color \y E!‘-'E'fma
OLED Products Q
N Source :

Universal Display Corporation

UNIVERSAL DISPLAY

CORFUORATION™

dh
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Strong increase of OLEDs displays production
OLED unit forecast
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Les diodes électroluminescentes organiques

Généralités sur les matériaux organiques
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Electronic structure of carbon

Isolated carbon atom: 1s2 2s' 2p3® > valence of 4

Hybridized spn orbitals (superposition of s & 2p orbitals)

Sp? hybridization (double bond)

R R ek
pz - orbital ps - orbital P, + ) \_ _ + Pa
SPz + + L ) . + —‘I_ A sp,
Elpa;-e-':::t-ti?;s T_T“
ha

Source: http//www.orgworld.de

Molecules with delocalized &t orbitals
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HOMO-LUMO Bands

LUMO

—I— —I— H _ { Optical gap

HOMO

HOMO : Highest Occupied Molecular Orbital

(The highest energy molecular orbital that contains a pair of electrons)
LUMO : Lowest Unoccupied Molecular Orbital

(The lowest energy molecular orbital that contains no electrons)
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Small molecule organic semiconductors

delocalized m-electrons

Source: http//www.orgworld.de

@ C— LUMO (n%) Ec

## HOMO (1) Ev
18% 5ps -T—

v

{—{:\_/ conduction band {x*)
Ec
n*3 x p,
Ey
+ valence band ()
n*zd x 5P
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Source: A. Kahn, Summer school, Aussois, 2005
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H
Polyatomic molecule \C —
H-

o* -+ = — —
LUMO TTF —— — — —+— —+—
HOMO p(p) —H— —+H— —— —+— ——
nH- - - -
cH-  — = - 4

round G>c* n(p)>c* w>T  nlp)>n’

state

Excited states

Ecole Polytechnique 8/03/2006

Bernard Geffroy

20



Energy
S, -
I
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Organic materials are characterized by a large Stockes shift between absorption
and emision spectra - they are almost transparent to their own emitted light
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R Excitons
ET Lumo — —+-
‘F Etats singulets instable +
. > o HOMO -H— —1— +
gl s 4 Erat iplet st Ground  Singlet excited  Triplet excited
CIS ™y T, state state state
Fluorescence Phosphorescence - l l l l I I I
S M v S_O{J} S=1{-1 0 1
Etat fondamental
— Transition Radiative -----> Transition non Radiative Statistical Iimit: 25 0/0 100 (yo
Singlet decay (radiative) is called fluorescence
Triplet decay (forbidden process) is called phosphorescence

Ir(ppy);

7N oH,

Strong spin-orbit coupling mixes singlet and triplet states ™%\ / \
Ir—N
Heavy metals (Ir, Pt...) impove triplet emission \ -
7N\
- H,C

Bernard Geffroy 22
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Absorption
Vibrational relaxation
Internal conversion

Fluorescence
(decay of excited state S.)

Intersystem crossing (ISC)

Phosphorescence ~—

(decay of excited state T,)

—

= 105 s

—

= 102-10"0s

]

> 1011-10°s

= 101°-10"s

]

~ 101°-10¢s

> 10°-1s
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Effect of molecular structure on fluorescence

Molecule X ON T, (S)
Naphthalene 0.55 0.051 2.3
1-Fluoronaphthalene 0.84 0.056 1.5
1-Chloronaphthalene 0.06 0.30 0.29
1-Bromonaphthalene 0.0016 0.27 0.02
1-lodonaphthalene < 0.0005 0.38 0.002

Source Wehry 1990
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Periodic lattice Amorphous lattice
© O O O
© O O O
-
Delocalized © 00O Localized
charges O O O O charges

Crystals : periodic structures
band model (conduction & valence bands)
delocalized charges (electrons in CB, holes in VB)

Amorphous organic materials :
band model ?
localized charges (radical ions)
transport through intersite hopping
charge traps (defects)

Ecole Polytechnique 8/03/2006 Bernard Geffroy

25



In conjugated polymers the charges are partially
transported via delocalisation along the HOMO and
LUMO levels.

Transport properties are usually determined by
defects in the 1D-chains (intra molecular) or by
hopping from chain to chain (inter molecular)
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Charge transport in small molecules is via hopping,
i.e. the charges have to jump from one molecule to
the neighbouring one to be transported.

&Qa &Q; D7
B D
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# Charge transport via hopping

# Low mobility (disorder)

* l‘lh+ # ”e-

= Challenge for
High EL efficiency :
Charge Carrier Balance

Mobility p (cmzﬂf SEC )
=)
b,
LI N Rl |

* 0O Db #HOKDE

: TPD hole

: NP pure hole A
: g-NPD non-pure hole
: BPhen electron

: Alga electron

: Algs hole

: Alphy hole

: Alma; hele

o
o L]
-
o ¥ ot?
o «”
-
L

I 1 ] ] ] 4 1
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(Electric field)"™ EY2 (viem)'?

o000
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Les diodes électroluminescentes organiques

Principe de fonctionnement des OLEDs
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Cathode
> p— OO
- J. L
%» X 3 2. - ‘/
'HOMO e | ©
! SaT

Exciton ‘/h

1 - Charge carrier injection

2 - Charge carrier transport

3 = Charge recombination (exciton formation)

4 - Exciton diffusion

5 = Exciton recombination and photon emission
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Diode behavior _ _ _
Brightness is proportional

to the current flow

12_ T T | T 7 300
&~ 10F 280 &~ 3500
.;E,, 8Ff -2oo§ 3000
E : ] 2 &
E sf j1s0 5 £ 2500
= g : o T
S 4f {100% = 20001
g ; 1. ‘B E 1500
2r 150 © ¢
0e ) 1o E 1000
0 1 2 3 4 5 500
voltage (V)
0

- : O 20 40 60 80 160 120
OLEDs conduct in forward blas.and Curtent Density (mA/em?)
do not conduct under reverse bias.

The impedance drops exponentially

with V for V>Vth.
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‘Small molecules’ Polymers
M ~ <800
&\ . - OR
-O-0r ~
/i H;CO @»cm [ /@/\/ ]Il .
- I Ry
b POLYFLUORENE
n> 1000
J = =

b N
S L
N N

peee bn-cn
s | ©0Qoo0 n
Oligomers

Vacuum deposition Spin-coating deposition
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Anode

(i.e. Oxygen

______________________ Anode : ITO

| _cathode Small barrier for holes injection into HOMO level

of HTL organic material

Use of materials with high work function (ideal ~ 5 eV)

HOMO _
Typically use of transparent ITO as anode

Exciton
Eff Eff Voltage  Voltage
Lifetime Charge density (@200 cdm®)  atpeak  at 200 increase rate

10 Treatment h 107 Clom® Im/W (od/d)  Im/W (cd/A)  odim my/h
Need ITO surface treatment o1 Oxygen plasma 240 3.40 40(5.1) 8273 40 133
{a} As-received 120 163 15049 6.006.7) 44 190
to enhance holes injection (d) Oxygen/aquaregia 80 1.43 2.8(4.0) 180560 46 36.0
{c) Aquaregia <13 <{.01 0.500.87) 4.713.6) 3.5 (303

(e} Aquaregia‘oxygen <1 0.20 (20008 5.716.4) =81 =1

plasma ITO2 (b) Oxygen plasma 335 4.90 350500 5.506.0) 445 | W
(e} Aquaregip‘oxyeen Y2 ] 3344 3362 4.3 4.3

treatment), ITO fermi level (a) As-received 63 .00 27(47) 11420 53 $5.5

stabilization

(d} Oxygen/aguaregia 23 (.55 2.003.3) 49(5.4) 54 71

around 5 eV. (e} Aquaregia <0005° <0001 01300057 46054 =91° =10

*Values for 100 ed/'m*.
T - P ore g . T
"l'ime required to half an initial luminance of 1 cd/m-.

Réf.: Kim et al., Appl. Phys. Lett., 74, N°21 (1999) 3084
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Cathode

------------------------------------------------------------ Cathode
LUMO ] Small barrier for electrons injection into LUMO level
hv of ETL organic material (ideal ~ 2.5 to3 eV)
o= HOMO Use of metals with low work function (Ca, Mg...)
Exciton
Anode 16000 : - . .
— —ao— Mg /:/$
R s
E | et Yh Vs ,v/ ]
... § 8000 - —v—Sm P v ,
But such metals are very sensitive to g —o Al L |
E As s -
oxidation = P T
Use alloys such as Mg/Ag or Al in S TRETT 25 150
Voltage [V]

combination with alkali metals like Li, Cs,
K, Na...
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Au Au
E + aNPD E,
1.3 eV
* ‘
Sputtered 40 nm Au Contaminated
clean 54 eV RN 486V
5.3 eV a-NPB /
+- J E
EF 7 -} ----------- | |
1.2 eV
y
~—"HOMO

Metal-organic interfaces are varied and complex
Interface chemistry and interdiffusion can play key roles
- change with interface processing (deposition sequence)

- affect interface barriers (gap states, doping effects, dipoles)

Source: A. Kahn, Summer school, Aussois, 2005
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External quantum efficiency

__ Number of emitted photons . (I)
nq ext = Number of injected electrons T]r ° x . PL ° neXt (%)

M, : probability that charges recombine to excitons —— 1| .~ 1

v : probability of production of emissive species — x=1/4

@, : quantum efficiency of luminescence

next : fraction of generated photons leaving device @~——— next~ 1/2n’

o ]—0

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Generally, only singlet

: - ext: ~509
excitons are radiative Nq S % max
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/ - Materials D (%) A em. (NM)
" . PPV 27 516
PPV
MEH-PPV 15 605
}_/J __
. 7 CN-PPV 35 710
A Algs 25 520
H;CO //
Alm 42 505
~ / e
NS \ QA doped Algs 75 540
o Rub. doped Algs 95 565
” 1
%
eSS CEeie o
54 T O

RRRRRRR
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External power efficiency

Power efficiency: light power versus electrical power

Output light power __n, . hv

Tle o Input electrical power q-V

Luminous efficiency (Im/W)

luminous flux versus electrical power

nL= ne' V?\,' km

With k_= 683 Im/W

= n,ext.

.IJI.

-
[}
[
[ ]

—
[}

=

LL

hv

e.V

W, /W
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Other useful units

Characterization of device efficiency : cd/A

L(cdlm?)

A=
cd! 10% J (mAl cm? )

cdl A*m
Viv)

ImlW =
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e Luminance-efficiency vs Applied voltage

http: //www.cdtltd.co.uk/avyellow.gif

Source : Covion
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[Encapsulation]
H,O0, O,
l l l Oxidation
Diffusion,
Temperature, Cathode N Adhesion
Joule effect, -
Deposition conditions < EML '\>/Cl‘ystallization, A
HTL — Inter-diffusion,
Electrochemistr
s R Chemict 4
Contact, Substrat \ emistry Y,
ITO inhomogeneity, ubstrate
Diffusion (O,, In),
Dust
- J
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Degradation of OLED devices is one of the main issues.
Degradation phenomena occur both under operating
condition as well as under storage.

# No really standardized measurement method

(DC vs pulsed constant current, brightness level ...)

] ] ] 1.1 LR IR St L S S S S NN S S S B SN e e b T Ty
2 Device lifetime usually : i Lo oy
o 100 e
. 2 v 508 1
defined as : 7 ook o ise :
= i . ]
[ ] n _E 0-8 _' .. . -
Mean time to half-brightness N IDCIRLLTPN . ;
- gy : § 0.6} ’0."'1" e
— “1a . ) . h
2 o 1\?\ “17 0.5 :_ ......... ’,.. _______________ Wi e e ]
5 T X ;
T v b e Ty
g, .3 0 50 100 150 200 250
5, . N Operation time (hr)
T e Lua
LII

Operating Time (h)
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e Very thin * RGB, white

* Light weight * Low DC drive voltage
* Fast response time * Structural flexibility

* High brightness * Large operating

temperature range
* Large viewing angle

* Low power consumption
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Les diodes électroluminescentes organiques

Dispositifs et matériaux électroluminescents

Ecole Polytechnique 8/03/2006 Bernard Geffroy 44



Efficiency & stability

=
PIN
B Heterostructures Gathode
N-doped
Multilayers
Thick crystals 2-layers ETL
| Cathode EML/doped
Pope (1963) EK US patent EK US patent ETL =y
Helflich (1965) #4539507 #4769292 | mBL |
Cathode Cathode EML/doped
Monolayer ML HTL
EML
Cathode Doped-EML W Anode
HTL HTL Doped transport
+ EML o Anode Anode layers
K. Leo, U. Dresden
Anode t HBL
= Hole Blocking layer:
1965 PLED 1985 Exciton confinement 2002
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Balanced charge

Single layer device : recombination zone

Imbalanced charge

transport transport
Cathode Cathode
— + + + —
Anode
Recombination zone «—

} e/h*recombination occurs
in the organic material bulk.

“# Not many organic materials
have electron and hole mobilities
that are in the same order of magnitude

} e/h*recombination occurs
near an electrode.

Reduction device efficiency
due to quenching of luminescence
by the electrode (cathode).

Ecole Polytechnique 8/03/2006
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HTL : hole transporting layer

Sa

ETL : electron transporting layer

/

/

T

Anode

L] L]
Recombination zone

Cathode

} e/h*recombination occurs away from the device electrodes.

} Broadens the number of useful organic materials (only single carrier type per layer).

} Allows reduction of the barrier for charge injection.

g More efficient device
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1 T T T T

nh )

M oo ility u (em IV s)

10 ) ] ) ] :

CH3;

C
R a3 0 Cathode
< e Alq3

1

Ecole Polytechnique 8/03/2006

Bernard Geffroy 48



LUMO
HTL
+———— Cathode
\
Anode T Emissive zone
++ +
\/ETL
HOMO

} The emissive zone is confined to a small section of the device and usually
near the HTL/ETL heterojunction.

} Color tuning and luminance efficiency can be improved by doping the emissive zone
with a highly luminescent molecule.
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S S,
| 1 T1 | \I§C
I I
i (‘ | | T
I I
S, \ | S
09 LA : :
SOee Fluorescent Host Phosphorescent

Dopant /
0 P Dopant .. <

(25%) (100%) 2;8

Exiton transfer via Forster transfer (dipole-dipole)
or Dexter transfer (charge transfer)

ISC : Intersystem crossing (via spin orbit coupling)
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C
\jv 0._0 b
= /N Vi % _
\ F_F
15 —— : : :

Cathode

—_
=
1

EL intensity (a.u)

I T
(/ A Zool N LT

400 500 600 T00 §00
Woavelength (nm)

Efficiency

o > PL~1 (avoid quenching/low concentration)
Improvement

Color tuning # Lifetime

(energy transfer) improvement
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Device engineering: RGB stack OLED

ITO 570 A
CuPc 55 A

4 Alg, 150 A

Ve T | I Alg:PIOEP 3504
Y a-NPD 100 A
‘:fﬂ.""“ ,. CuPc 55 ‘i

= _ ITO 570 A

t Alg, 150 A

Ve T $ Alg’,0Ph 150 A
: *. e t-MNPD 00 A
R CuPe 55 A

‘e? T — S ITO 570 A
A R CuPc EEA.

Vi ’ Alg, 500 A
v w-NPD 570 A

ITo 1500 A

Olass ~ | mm

G. Gu et al., Appl. Phys. Lett., Vol. 74, 305 (1999)
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EBL
CL LR RE, E. p—— 1 E b——
EL EL
H HTL
| e el ETL E;f:nm ] ETL
h* h

\ /

10, —o—No EBL EX
m -yl Ipz EEL Alg,
Alg, 0.8- =- :
- RCP
M
BCl . 0.6+ CRP:FPL2
CRPFP? | O —
NPD 0.4 Irpp
NP
I'T0) 0.2 —
0.0-

400 500 00 700 800
Wavalength, nm

V.l. Adamovich et al., Organic Electronics 4 (2003) 77-87
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Matériaux transport
de trous

<
e a-NPB

Naph G Naph Spiro-NPB

Ph—N N—Ph O
MNaph= A~ O

e @R = e

Un point clé : la pureté des matériaux

Matériaux transport
electrons ou matrice

Alg,

/ ‘
N
O \
AN
o7, ~o
N
s
S —

Dérivé oxadiazole

oSS

Dopants

RUBRENE
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The purity of the material is a main issue
Purification by train sublimation

Quartz tubes

Heating zone

e = Product to purify
pd \; i. \.‘=. -
=| il =
Argon or =
Nitrogen flux \\ OVEN

Cooling zone (water)

Alg;

As received

13%

Purified

25%

Ecole Polytechnique 8/03/2006

Bernard Geffroy

55



€SP

O, 10

MEH-PFPV R =CH;CH(Et)Bu
oV OC4C4g" PPV R ={(CH;);CH(Me)(CH j;CHMe, Cyano-PPV
Soluble PPV's

N

r‘.Jlriil-—H
SN — 4
R
. [§ /</ )
\ kY L .
Polyfluorene

R = {CH}aCH{Ma W CH; ) CHMa s

Covion PPV co-polymers
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€SP

common device
architecture,
similar
efficiencies, ~ 5%

0

0

y

]
0

6

|
l\

CIE (1931) Diagram

D &)
B
D &

0

0 0.1

0.2 0.3

0.7

0.8

Triangle defines
PAL CIE limits.
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€SP

= High luminescence efficiency (PL, EL)
= Adequate conductivity (p or n type)

= Good temperature stability (high Tg)
= Good radical cation/anion stability

= Good oxidative stability (water, oxygen)

= Good coatability (thin, uniform films with no pinhole defects or impurities)

Good film formatiom from solution
No side reactions with solvents

PLED :

Does not degrade during evaporation
No catastrophic film crystallization

OLED :

= Color saturation and purity (narrow spectra and correct CIE coordinates)
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€SP

Films minces de matériaux organiques m-conjugués
2 classes de mateériaux :

=) 1987 : diodes efficaces a base de & ‘5

OLED ‘petites molécules’ &@
C.W. Tang, S.A. Vanslyke, Appl. Phys. Lett. 51 (- e 5
(1987) 913 Wl

Films préparés par évaporation sous vide

= 1990 : Electroluminescence dans Ies polymeres

PLED J.H. Burroughes et al.,

Nature 347 (1990) 539 _ N O 7T

Films préparés par spincoating

_Poly(p-Phenern-Vinylen)_
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€SP

Utilisation de matériaux phosphorescents pour augmenter l‘efficacité

=) Premiére réalisation:
M.A. Baldo, M.E. Thompson, S.R. Forrest et al., Nature 395 (1998) 152

=) Efficacité record:

M. Ikai et al., APL 79 (2001) 156 o g g
Alqr:?aﬂnml}

70 Im/W @ 65 cd/A, n.,, =19 % T [Exctorbocklayer @om) | «— CEX0rCEY  —m

Emitgng layer(20nm) | +— Host + Ir(opy)3 W PR

A «-NPD (40nm)

7 N\ o, ITO (150nm)
H,C = Glass substrate
\Ir—N/ \
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€SP

ITO /p-TDATA (100nm, doped F,-TCNQ) / TPD (5nm) / Alg3 (65nm) / LiF (1nm) / Al

I-V and electraluminescence characteristics of doped OLEDs

#E" Enﬂ ! I ! I ! -I_ ! I ! | ! | ! 10‘ ! I ! | ! I ! | ! I ! |

% Eﬁﬂ_ —n":ié'h 1.“3 .

= 200 15

=z ' 12 10

% 150 - g .

.; 100 I ) E 10
I 1 E o

& | S 10

S 50 13 .

o {) sessesiannr KT = 1 .":I"' s s s T T
o0 2 4 & 8 10 12 14 o 2 4 6 & 10 12 14

Voltage (V) Voltage (V)

Improved OLEDs using doped hole transport layers

Ref.: K. Leo et al., Univ. Dresden
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EL intensity (cd/m’)

4
10 3 _
; : Mo k3
10 — < N 2
] < E =]
i : 8 | &,
2 : —8— p-i-n = T
10 . ITO —A A
E ——  jnverted B E -
transparent : ¥'Homo S
i . ] :
1 p-i-n g
10 —e— conventional | § o
(undoped) ] g
0
10" +——r——"F+—r—"r1r—r1r—rr—rr—rr—rr—r—
2 3 q 5 6 7 8 9

voltage (V)

Ref. : M. Pfeiffer et al., Adv. Mater. 14 (2002) 1633
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Small molecules : fluorescent materials

Colour Red Green Blue
L (cd/m?) 400 1500 600
@ 20 mA/cm?
Cd/A 3 7 3
@ 20 mA/cm?
T % (h) 30 000 100 000 25 000
@ 100 cd/m?, 20°C

Ref. Eastman Kodak, 2002
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Small molecules : phosphorescent materials

Commercial
A

développement

Recherche

\

ubDC CIE (x, y) Luminous Lifetime at luminance
PHOLED materials Efficiency (cd/A) (hrs) cd/m?
Red: RD15 (0.67, 0.33) 12 100 000 500
Red: RDO7 (0.65, 0.35) 18 40 000 500
Green: GD29 (0.30, 0.63) 24 10 000 600
Green: GD33 (0.31, 0.64) 40 20 000 1000
Green: GD48 (0.32, 0.63) 37 25 000 1000
RD61 (0.62, 0.38) 30 40 000 500
GD107 (0.35, 0.60) 40 25 000 1000
YD85 (0.41, 0.58) 65 under test 1000
New green (0.32, 0.63) 80 15 000 1000
New green (0.32, 0.63) 57 40 000 1000
New blue (0.16, 0.37) 22 15 000 200
New blue (014, 0.13) under development 200
new blue (0.16, 0.10) under development 200

Source: M.S. Weaver et al., Proceeding Eurodisplay 2005, 188 (2005)
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Polymer performances

Color At 100 cd/m? Lifetime at RT (hrs)
CIE Luminous measured |extrapolated @
(x, y) efficiency (cd/A)| atL (cd/m?) | at 100 cd/m?
Red (0.68, 0.32) 1.7 1790 ~210 000
2000
Green |(0.43,0.55) 7.7 2867 ~255 000
2000
Blue [(0.16,0.20) 4.8 510 ~100 000
1425
Yellow |(0.50, 0.49) 2.1 2420 ~290 000
4000
Orange |(0.58, 0.42) 0.9 8138 ~320 000
1000
White |(0.30, 0.36) 5.1 290 ~40 000
1600

2 assuming that lifetime is proportional to 1/(luminance)" with 1.3 <n <2

Source: N. Patel, CDT Workshop Notes, Eurodisplay 2005
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cen) Dark spots in OLEDs

oimm | o L ae T
After storing for 24 in ambient conditions

Ref.: Liew et al., Appl. Phys. Lett., Vol. 77, N° 17, 23 October 2000
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Alq,

(5 nm)
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Hole-only device
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= Diminution de la luminance
» vieillissement des matériaux

> vieillissement différentiel (RGB)

= Augmentation de la tension de fonctionnement

> barriére injection (électrodes, interfaces)

= Apparition et croissance de ‘points noirs’

> ¢lectrodes, environnement
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N\

Stainless steel can Epoxy adhesive

membrane
desiccant

Pioneer Patent EP 0 776 147 A1
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Barrier coating

Polymer

/Substrate S ——
Polymer

/

OLED ; 2,199, 20 2nm S

Polymer

Monomer Ceramic Rolymer
Liquid Cure Deposition :
ﬁ ﬁ Substrate
<af = <l e
v v
1.E+04
L — — 0
== =300h
- - +500h -
< BE*03 1 {2
E =
- -
7 / =,
PET ) / g ~ 4 E+03
High Speed, Large Area... 0.E+00 . . \\\
2001 V@S Eap e 4 E+02 8 E+02 1&\3
JrAIm2)

Source : Vitex
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PLED Dupont Plastic Substrate Universal Display Corporation
L=200 cd/m?, e= 175 um
Pixels : 400 pm x 500 pm
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Les diodes électroluminescentes organiques

Adressage des écrans OLEDs
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d: —— ..=U|Mﬁ:ﬁl1lr:”mr
- =
_—l‘vp/ ﬁw/@iZ@/ +f /@/ }9/ ot Contict il
J’l | | .'|"- kgt -
L o8 e sl s
J’; J;F ; f f Light amision
Avantages :
_ 2 Bien adapté aux OLEDs
Pour chaque ligne : L., =N, . *L > Simple / bas cot

soit écran VGA :
Inconvénients :

st L__.=300cd/m*d’ouL_, =72000 cd/m? , .
g P Nécessite forte brillance créte

Limitation : ~100 — 150 lignes max (résolution limitée)
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Avantages :
ROW
h{ | > Decouplage adressage / excitation
V
 d “® Courant plus faible
T ¥ “» Tension compatible TFTs
1
¢ — LT
o

. 5 Inconvénients :

= Commna -

CE) 1 ¥ Silicium poycristallin

O

'i' Neécessite transistor type p

E

-‘- Faible taux ouverture (4 TFTs/pixel)
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Simtiated Power Consumption
(5 inch/ 320x 240 pixels monochrome display)

J2% pixels "on”

tm
| =]
=i

£

= 400
=
s
o -

Brightness [nits]

Réf: ELIATECH Co., Ltd., OLED ASIA 2004
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Les diodes électroluminescentes organiques

Reéalisation de dispositifs couleurs
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€SP

a | I |
Side-by-side pattern _:-ﬂ }

Tr T

Glass

Colour filter

White emitting Layer

r1

Glass

Colour Conversion

OLED with

Blue, Green and Red
emissive sub-pixels

-:-:- <<= Red, Green and Blue Filters

White OLED

Red and Green
Converters

Blue OLED
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T LT

400

White emitting Layer

300

200 1

100 -

Power Consumption in mW

=

1 2 3 4 5 6 7 8 9 10 11 12 13
Image Number

Source: ASIA Display IMID’04
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<= Colour Conversion Media (CCM)

IS ~— .o OLED

> Multilayer structure based on evaporated small molecules

> Host Photopatternable Polymer (transparent)

b Patterning of Red and Green sub-pixels

> Dye (Green or Red emission)

b Good absorption of the blue light from the blue OLED (OD > 2.5)
Efficient emission in green or red (hight PL yield and acceptable CIE
coordinates)
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€SP

Photopatternable resin

Bisphenol A ethoxylate diacrylate +
Photoinitiatorr Irgacure 186 (1% wt / monomer)

- UV photopaternable resin

/ﬁfmc{v% - Transparent resin

- Film thickness ~ 5 um

Fluorescent dyes

—m— Abs C6 | [3500
—e— Abs NR

2,5 1

GREEN: Coumarin 6 (C6)

w

~_ o 1,5

3000

2,0 —A—Em C6

% EmNR | [

- 2000

- 1500

oD

— 1000

PL intensity (a.u.)

- 500

RED: mixture of green (C6)
and red (Nile Red or NR) dyes 300 35 400 450 500 550 600 650 700
A (nm)
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RGB demonstrator

Spectre d’émission

g
<
o
400 440 480 520 560 600 640 680 720 760
A (nm)
: .. Luminance (cd/m?)
Dispositif at 10 mA X y

B 1779 0.154 0.128

G 1459 0.244 0.609

R 63 0.663 0.329
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Les diodes électroluminescentes organiques

Techniques de dépot des matériaux organiques
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material | Substrate

T

Green

material | Substrate S hadow

frtteeeeeeer /™

Red
material I_______ﬂb_Str_atE________l

TEETTEereet _

3
= g m 'U' |i
Organic vacuum deposition 3

Glass substrate
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Cluster tool for organic deposition
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=9 Polymer deposition

The most common technique for polymer RGB applications is ink-
jetting.

Inkjet printing of LEP Colour Displays

> Ink-Jet Heads

Polyimide Pillars ~
(Hydrophobic) 1

Substrate ITO PEDT LEP SiO,
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Some RGB ink-jetted pixels

2001

Démonstrateur 2,5’ diag.
200 x 150 pixels (x 9)
Pixel : 10um x 86 um

Pas : 52 x 133 um
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95 um

Samsung SDI & 3M Display

Principe

laser
donor film
LTH
adhaﬁinni =
LEP
egpern
1adhe5inn

substrate

3.6” QVGA full color AMPLED
Pixel pitch 80 x 240 ym
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Organic Vapour Phase Deposition

Organic sources
d L

Evaporation Cells
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cea Linear Deposition

= :
Image: Fraunhofer IPMS

Source : Optics.org 24 february 2006
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Les diodes électroluminescentes organiques

Démonstrateurs et réalisations industrielles
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Passive Matrix Display: 256 x 64 Pixel
Display size: 9cmx 2 cm

Sub-pixel size: 300 pm x 330 pym
Area colour

First OLEDs product on the market
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Kodak commercial product

KODAK EasyShare LS633
zoom digital camera
- launched Feb 2003

LPTS poly-Si Active Matrix
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MP3 : 40% des écrans
sont des OLED
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Sanyo-Kodak: Full Colour

5.5 in. diagonal Poly-Si active matrix
320 x 240 pixels Sub-pixel size : 116pum x 348pum
150 cd/m?
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13 in. Diagonal Poly-Si active matrix
SVGA 800 x 600 pixels Pixel size : 330pm x 330pm

Top Emission Structure
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) 20’ a-Si AMOLED

Color | Efficiency CIE
Cd/A X y
Blue 4.5 0.145 | 0.086
Green 45 0.230 | 0.667
Red 7 0.703 | 0.297

“Top emission’
Source: K. Micha et al., IDTech
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SAMSUNG
1 dalle de 40”’

= A

EPSON
4 dalles de 20”’
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S OLED main manufacturers

Table 1: Top Four OLED Manufacturers' Q1'05
Revenue and Growth (US$ Millions)

Revenue
Rank Manufacturer
UsS $M
1 Samsung SDI 37
2 RITdisplay 28
3 Pioneer 20
4 Univision 14
5 LGE 7
Others 19
Total 125

http://optics.org/articles/news/11/9/16
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SAMSUNG débute la construction d'une usine d'OLEDs
a matrice active

*Apres la production d’afficheurs OLEDs a matrice passive,
SAMSUNG vient d’annoncer la construction d’une usine

(450 millions de dollars) pour produire des écrans OLEDs a
matrice active en silicium polycristallin basse température.

*Le marché visé concerne les écrans pour téléphones portables.
* La production devrait démarrer début 2007 et produire 20
millions d’écrans sur I’année.

Source: Electronique International
novembre 2005
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Les diodes électroluminescentes organiques

Application a I’eclairage
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SSL (Solid State Lighting)

Light Emitted Forward
—
LED Chip i
i

II LED ellector —
AlGainN s
SOUI'Ce ponCtue"e Cathode Lead ~ "'4 \.\lmdel,md
OLED

0 _ Film mince
- Perltes‘ molecules Ep~<1mm
polymeres Surface conformable

Source étendue
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€=9 Evolution de I’eclairage

200

—
)
o

|

Electrical

High-Pressure
Sodium

Discharge Lamps g ‘ - T 100 |-
r/ Light Emitting
Metal Halide .
100 . _.__J—u:‘ I" Diodes 10| o
Best LED o5

Fluorescent

Fluorescent

Halogen
+— Unfiltered incandescent

—1 4= Red-filtered incandescent
— = Edison’s light bulb

&)
-]

- .
White LEDs 1990 2000

Luminous Efficiency (Im/W)

~ Tungstpn-Halogen E.W&‘a‘
lI]CHndCSCCI]tH §
L J_Cun ventional Incandescent ' !
0 C
1920 1940 1960 1980 2000 2020

Year
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=9 OLED éclairage

<100 Im/W
<20 Im/W

‘Projet OLLA coordonné

par Philips (FP6)

\ /
\
~ (Organic Light emitting
diodes for ICT & Lighting
i Applications)
The OLLA Mission The OLLA target:
To gather and focus European 1 000cd/m?
expertise in OLEDs to jointly 50Im/MW
accomplish everything 10000h
necessary for the light sources CRI>70
of the 215t century. 30cm x 30cm

Enabliog 3 leadling role for Europe in Solid S tate Lighting
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Size : 2 ft x ft 08

05
0.4 4

0.3

Intensity (arb. units)

a T T T T T T
400 450 500 550 800 630 TOO TS0

Wavelznagth (rm)

Performances a 1000 cd/m?
15 Im/W
CCT: 4400 K
CRI: 88
CIE: x=0.36; y=0.36

Equivalent ampoule 80W

Source: General Electrics
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NOVALED : record du monde

Développement d’'une OLED verte pour I'éclairage avec une efficacité
de 110 Im/W at 1000 Cd/m? : c’est 50% de mieux que les LEDs
inorganiques

Objectif de NOVALED : dépasser les tubes fluorescents dans le blanc

PRESS RELEASE
Dresden, February 16th 2005

NOVALED $@

a breakthrough in the promising OLED world
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TR

SO UNIVERSAL DISPLAY 0

CoOrRroRATION
1T -

Single colour passive matrix flexible display

Vitex/Universal Display Corp. collaboration
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Matériaux organiques (petites molécules et polymeres) sont tres

prometteurs pour une nouvelle technologie d’affichage.
v" Forte croissance prévue dans les 4 prochaines années.
v'  Petites molécules permettent de réaliser des structures plus complexes et

constituent actuellement la technologie la plus avancée.
v"  Les polyméres semblent mieux appropriés pour de grandes surfaces.

La 2" génération de matériaux (phosphorescents) ou de structure
(dopage couche de transport) permettent d’atteindre des rendements
lumineux tres élevés.

Points importants :
v'puissance lumineuse
v'durée de vie

v'CIE (pureté couleur)
Possibilté de fabriquer des dispositifs souples ou conformables.
D’autres secteurs industriels envisageables comme I’éclairage.

Réduction des colits de production nécessaires pour étre compétitif
par rapport aux LCDs
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