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Tailored synthesis
for organic electronics

*Controlled polymerizations of

Introduction
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Context of our research

::> Development of strategies towards fabricating opto-electronic devices on
new targeted substrates and for new applications.

In close collaboration with industrial partners (R&D projects)

« Validation of new substrates (rigid, soft, transparent, opaque..)
« Validation of processes regarding new applications (ex. transparent electrodes
for emissive windows, wall, roofs..

» More fundamental approaches towards optimizing the efficiencies (OPV’s)
* More prospective studies (dispersion of carbon-based particles or deposition of
metal oxide layers towards transparent electrodes)
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Topic #1. Fabrication of bottom and top
emitting Oled’s on new substrates

@ 49 Encapsulation
+ light extraction
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Organic stack

PEDOT-PSS
8 Bottom electrode
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Organic stack

19 Validation of new substrates

- Glass with alternative to ITO,
- Opaque substrates
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39 Strategies for top transparent electrodes
for Top emitting devices
(i.e, emissive windows, walls and roofs)
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29 Formulation of the active layer
- Simple stacks first for monochromatic and finally towards white lighting
- combining (solvent and/or evaporation deposition processes)
- depending on the final application (can inverted or not)
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Characterization of the substrates

ITO coated glass ' Steel surfaces with increased roughness

20 x 20 um? TMAFM topography images

Smoothing steel to adapt its surface
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Conductive Atomic Force Microscopy
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Validation of a standard solution-processed stack on glass substrates

Emissive triplet metal-to-ligand charge-transfer to ground state transitions of the Ir (llI)

Very « simple » technology, dopants. :
well-adapted to large areas, PVK polymeric host Ir(ppy) 3
problem in multi-layer structure i
100 nm |
= h
~1nm o
| 3
90 nm =
Cs.CO PBD: ETL
23 20 nm
20 nm
Poly-TPD
150 nm
4—
/
ITO VS alternatlve 44444444444444444444444444444444444444 )
anode on glass .
J Light
Typical values : PVK:PBD(weight ratio 71:29):
Maximum luminous efficiency = 25 Cd/A I(mppy) 5(5%)
Power efficiency = 6 Im/W at 5 mA/cm?
Max EQE~ 5 %
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Meerholz and al. Adv. Mater., vol 18, issue 7, pp. 948-954 (2006)
ElL= CsF; HIL = cross-linked TPD with varying # of layers



Tunability of the color

ITO / PEDOT:PSS [20 nm] / PVK: BJR(10:1:0.75) [90 nm]/ Cs,CO4:PBD / Al [100 nm]

A
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Woled’s on glass

B(10):Y(0.25):R(0.25)

Luminous flux (mW/nm)

B(10):Y(1):R(0.75)

asealoul Juaind . .
Efficiency (Im/W)
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29 Validation of a standard evaporated stack on glass

Source
LiF (2 nm)
TPD (80 nm)
Light
Tris(8-hydroxyquinolinato)
aluminium o
S
(8]
<
E
N,N-diphenyl- N,N-bis(3-methyl %‘
phenyl)-1,1-biphenyl-4,4-diamine S
©
=
o

Deposited by vacuum evaporation
Well-adapted to multi-layer structures,

Better thickness control, more stable

Lower onset voltage, lower resistivity than PVK
More expensive technology

Luminance (Cd/m?)
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39 Strategies for top transparent electrodes

on opague substrates (i.e, emissive walls and roofs)

Light

Hole blocking layer (HBL)
Poly-TPD

Hole blocking layer (ETL)

Classical structure

\e :
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for Top emitting devices

Ir(ppy) 5
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Woled’s on opague substrate

w CHROMATICITT

® Green Oled’s on glass
e Poorer efficiencies on
opaque substrate

Needs for optimization !!

» Top electrode transparency
* % of extracted light

A

©MateriaNova — All rights reserved for all countries
Cannot be disclosed, used or reproduced without prior written specific authorization of MateriaNova

— MateriaNova proprietary information

CONFIDENTIAL — Privileged Information

FUTL



Towards better transparency for top-emitting devices on
opaque substrates

Optical transmission through constructive interferen ces
_ Protection of the stack (barrier towards capping layers )
Trilayer anode: /
WO,/Ag/WO 4 Overall electrical conduction.

Light

Layer needs to be the thinnest possible
along with continuity (AFM + 4 probe)

Thin enough to allow charge transfert
Constructive interference

electrode Thick enough to prevent diffusion of Ag

TPD (50 nm)

1 WO, :30 nm
£ 90
1 § 80 - W
LiF (1 nm) £ 70 4“/:7 .
§ 60 - 0~75.3 90 R —WAW 9-14-27 (nm)
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Towards better extraction of the light

- The photons are created within a high refractive index
material
- if g > ¢c (critical angle), the light is trapped
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1.Textured glass
for encapsulation

/

Light |
Outcoupllng @

» Glass coated with a photo curable resin with index = 1.56

» Speckle holography (Centre Spatial de Liége) to yield a
random micrometer sized pattern
2. Index matching material
» Photocurable resin and index glue, having a refractive
index equal to 1.56

» Deposition by means of spin coating

©MateriaNova — All rights reserved for all countries
— MateriaNova proprietary information

Cannot be disclosed, used or reproduced without prior written specific authorization of MateriaNova

CONFIDENTIAL — Privileged Information

FUTURE MATERIALS MADE BY TODAY'S PEOPLE



r‘)\‘)‘ﬁwﬁ Classical structure with Ir(PPy),- doped PVK
et ¥

g
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Inverted structure with Alg3

Both side textured
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Topic #2: Fabrication of Organic Photovoltaics

Andrew Shneider, designer from Brooklyn created the
first photovoltaic «bikini», with 40 integrated flexible
solar cells (costs= 135 (excl. the girl)

Research also motivated by the perspectives for

new applications:

» Portable applications (conformability and flexibilit y)
* Integration to buildings

Our work concerns:
- Validation of new targeted substrates,
- Design of a standard active layer + optimization
— - Development of transparent electrodes for application S on opague substrates
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Validation of a standard solution-processed

stack on glass substrates

1:0.8 P3HT:PCBM:; ann. 150C 20 min
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Solar cells on opaque substrates (1:0.8 P3HT:PCBM)

50

o 1:0.7 P3HT:PCBM
_ o a0l Cegnm125 mgmL* A~0.25 cm?
Strategies are developped to optimize: g V_=062V;]_=-60mAcm*
< LFE~61.4%: h~2.299
 The nature of the substrate itself (1) £ % _FF oLa% hzz.zg/o
e Its treatment (2) 2 2} z
* The balance between the conductivity c - 5
and the transparency of the top electrodes (3) a 10
0 -
5 i L D_ark
_ _ _ O 1 , - —°—Light
Inverted architecture with a top semi- -1.0 -0.5 0.0 0.5 1.0
transparent anode Voltage (V)

Semi-transparent WAW anode h

~

P3HT:PCBM 1:0.8

Additional capping
layer ton reinforce
the contact

Cathode Al: ~100 nm
\
/V

Dielectric and

smoothing Iaih
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Nano-organized bulk heterojunction photovoltaic layers

Strategy consists in using nano-fibrillate P3HT, pre-or ganized in solution,

prior to deposition with PCBM

S ///,///// UVv-VIS Organized Before centrlfuqatfon
IS2 § P3HT Non organized P3HT
ZS
.§\\\§\\\2§\ P3HT non-organized
/”//)““‘““§I + organized (12 days)
v =
S S . .
OES After centrifugation
= Organized P3HT
S,
Nz Y
S 2 é//’/ Non organized P3HT

Non organized
P3HT

Organization of the polymer
chains in ortho-xylene:
12 days XRD on films
Width ~ 33 nm
TM-AFM a~16.5A

height
~3.3nm

4
ENN

3 molecular
S—
layers

—
\

%,
2
Z
**: D. Moerman, R. Lazzaroni, and O. Douhéret, Appl. Phys. Lett. 99, (093303) 2011.



Photovoltaic performances in annealing free devices

Presence of PCBM does not affect the morphology (preformed in the solution),
absorption spectra are the same
Area J Vv FF 1 R R
Blend (cm)) (mAcm?)  (mV)  (8) (%) (KQ) (©)
Non- = 54 -5.6 630 39 137 05 105 H
organized
Fibrillate 0.21 -8.5 594 52 |2.64 |21 9.0
l ! -
Blends based on fibrillate P3HT lead to a doubling o
: . . XX
in power efficiency through JSC increase 7N
OFET measurements of fibrillate P3HT-PCBM (&l

Fibrillate blend p _,, =13.8 x 104 cm2.V-1s
vs Non-organized: p ,, = 1.31 x 104 cm2.V1s

& + && & & &
: & &) W&
& & &) & ) &'& & '%&
& & ) & & & &
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linear increase of tip bias from 0 to -3 volts whil
The overall current contrast originates from the ch

g

Local measurements by means of Conductive AFM:

HOMO
-6 eV

vac O nA
TIP P3HT ITO
(Ptiry) LUMO | (cathode)
(anOde) -3.2eV Hole
(collection)
Hole
(injection) L
lﬂHOMO Er \-/4.7
E- 52| s1ev| °©
eV
-1 nA
LUMO
-3.2eV
LUMO
-4.2 eV
Hole P3HT Electron
_.‘ PCBM E. -4.7eV
E. -5.2eV
F -*N —— ITO
TP -5.1eV

Current-voltages variations are supposed
to by driven by the spreading resistance.
Solving the Poisson equation leads to:

I = mwege, 11y, (r

|4

0

) p=0.9%10-4 cm?/V.s

SCLC
REGIME

DC tip bias (V)

e scanning the area from top to bottom
arge transport across the fibrillate P3HT matrix

ELECTRICAL CONTRAST
between fibers and background

* Local current contrast
increases with the bias, and

bers present at the surface can
be electrically visualized

for dc tip bias values between +1
Vand +2V

* For dc bias > +2 V the current
contrast decreases while locally
zero-current areas  (possibly
made of PCBM) /| can be
observed due tofhigher injection
barriers:

1pum

DARK SPOT = ZERO
CURRENT SIGNAL



