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OLEDs are a new and attractive class of
solid-state light sources, which are opening
up completely new applications in large-area
illumination. OLEDs are produced by
depositing a stack of inorganic layers on a
glass substrate. By carefully tuning the of 
the red, green and blue emitter materials,
OLEDs can produce any light colour –
including white – with excellent light 
properties.

Goal of this European funded integrated
project is to advance OLED technology 
and prove it for general lighting applications.
By 2008, the consortium will be able to 
produce white OLEDs for illumination 
purposes (1000 Candela/m2) with an effi-
ciency of 50 lumens per Watt and a lifetime
of 10.000 hours.This is In comparison with
the standard incandescent bulb 5 times
more efficient and 10 times longer lasting.

A research sample of an Small Molecule OLED,
substrate size 50x50 mm.

The project covers several important R&D
fields, including fundamental understanding
of the materials and device aspects, electri-
cal and optical properties of OLEDs, several
manufacturing principles for making white
light OLEDs and system integration. As new
materials are the key for the advancement
of OLED technology, about 40% of the 
project effort is put into the search and
development of new materials systems.

Developments in this project are leading 
the way to use OLEDs as new light sources
for diffuse, large area illumination with
exceptional design freedom.Application
studies will complement the research
efforts to match technology development
with consumer interests.

NEWSLETTER

The OLLA research newsletters are intend-
ed to inform a larger audience, experts and
non-experts of this technology, on the
news, publications, events, and research
results of the OLLA project. Its research
articles will be thematically scheduled and
are reviewed by a team of internal experts.
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Organic Light-Emitting Diode (OLED) technology has improved to the point

where it is now possible to envision white OLEDs as the next solid-state light

source.Therefore one year ago the OLLA project was formed. Coordinated

by Philips Lighting, the OLLA consortium covers more than 20 partners from

industry, universities and academia across Europe.
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Redoxstability and location of the energetic
levels of hole and electron transport 
materials as well as matrix materials are of
particular importance for application in
OLEDs. Electrochemistry and especially
cyclic voltammetry (CV) are powerful
methods to obtain information about 
both parameters. [1]

Electrochemical processes usually take place
at the electrode-solution interface.A three-
electrode cell (working, reference, auxiliary)
is commonly used in controlled-potential
experiments like CV.The reaction under
study occurs at the working electrode.
Another inert conducting material (e.g. plati-
num, graphite) is usually used as auxiliary
electrode to close the electric circuit.The
reference electrode (e.g.Ag/AgCl) provides
a stable potential to refer the potential of
the working electrode. Electrochemical 
measurements are carried out in a solvent
containing the analyte and a supporting elec-
trolyte.The choice of the solvent depends
on the solubility and the redox activity of
the analyte. Commonly used non aqueous
solvents for organic materials are acetonitrile,
dichloromethane and tetrahydrofurane. Inert
supporting electrolytes are necessary to 
decrease the resistance of the solution, to 
eliminate electromigration effects and to
ensure a constant ionic strength. For organic
media tetraalkylammonium hexafluorophos-
phate (or tetrafluoroborate) are commonly
used electrolytes. [2]

Figure 1 applied triangular potential waveform
and the corresponding cyclic voltammogram for
a reversible oxidation process

CV measurements are based on the linear
scan of the applied potential at the working
electrode using a triangular potential wave-
form and the current response is measured
and plotted versus the applied potential.
A typical cyclic voltammogram of a 
reversible oxidation is shown in figure 1.

Initially the neutral compound A is present
in solution.As the applied voltage approa-
ches the formal redox potential E0 a 
faradaic anodic current ia begins to rise due
to oxidation of this compound to its radical
cation (A•+).The growth of a diffusion layer
causes the anodic current to reach a maxi-
mum value ipa and decrease afterwards.
After passing the oxidation peak on reaching
the switching potential Eλ the scan direction
is reversed. During the reverse sweep the
generated radical cations (A•+) are reduced
back to the neutral form which leads to a
corresponding cathodic peak current ipc.
The cyclic voltammogram is characterised
by several important parameters.The ratio
of the anodic and cathodic peak current
ipc/ipa is 1 for a simple reversible couple.
It strongly depends on chemical reactions
coupled to the redox process.The formal
potential E0 of a reversible redox couple is 
located symmetrically to the corresponding
peak potentials E0 = (Epa + Epc)/2.These
potentials are generally referenced against
ferrocene/ferrocenium as internal redox
standard which is assumed to have an energy
level of 4.8 eV below the vacuum level. [3]
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Electrochemical characterisation
of materials for OLEDs by cyclic voltammetry

by Kirstin Bausch, Michael Arlt, Josef Salbeck

Macromolecular Chemistry and Molecular Materials, Department of Science, University of Kassel,

Heinrich-Plett-Strasse 40, D-34132 Kassel, Germany
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The HOMO level of the investigated com-
pound can therefore easily be calculated
from the oxidation potential (figure 1).
The LUMO level of the compound can be
deduced from the reduction potential (radi-
cal anion formation) respectively.A complete
oxidation and reduction potential determi-
nation is given in figure 2. It is important to
realise that such energy level investigations
contain solvatation effects in contrast to
spectrocopic measurements in the gas
phase.

Figure 2 complete potential waveform and 
cyclic voltammogram of oxidation and reduction
processes

In the example are shown two reversible
oxdidation processes (radical cation and
dication formation) and one reversible
reduction process (radical anion formation),
the gap between the first oxidation wave
and the reduction wave can be used to 
calculate the HOMO-LUMO energy 
difference.The potential scan used for 
the complete redox process is given on 
the left side of figure 2.
As an example how CV can be used to
detect electronic changes by structural
modification, the following figure 3 shows 
the cyclic voltammograms of four triphenyl-
amine[4] derivatives.TAD (a standard hole
transport material) shows to reversible 
oxidation waves indicating the radical cation
TAD•+ and dication TAD2+ formation,
separated by 250 mV. If the conjugative
interaction between the two electron 
donating nitrogen centres is reduced by
structural modification e.g. by introducing an
additional phenyl ring in between (ST1357)
or a forced twisting by four methyl groups
(ST16/30) the redox potentials change in a
characteristic way.The first oxidation signal
is shifted to higher potentials due to the
lower stabilisation of the positive charge in

the radical cation, and the potential separati-
on between radical cation and dication for-
mation becomes smaller due to the lower
interaction of the two positive charges
dominantly located at the two nitrogen cen-
tres. Introducing two additional phenyl rings
as shown with ST1576 the interaction is
further reduced resulting in such a low
potential separation that only one oxidation
wave but again at higher potential appears.
This wave represents a formal two electron

Figure 3 cyclic voltammograms of four 
triphenylamine derivatives

transfer leading immediately to the dication.
The increase of the phenyl chain length or
twisting the central biphenyl unit of TAD
makes the molecule harder to oxidise 
shifting the HOMO energy levels in the
same order.
Consequently, with CV measurements 
small structurell changes in molecules can
be detected and therewith it can be a
redundant method to support and estimate 
synthetic strategies to tune energy levels.
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the determination of
charge carrier mobilities
in materials for oled’s
Jeroen Ollevier, Mikhail Parchine and Mark Van der Auweraer

Lab of Photochemistry and Spectroscopy, Department of Chemistry, K.U. Leuven 

Celestijnenlaan 200F, B-3001 Heverlee, Belgium

An important parameter of hole and electron
transport materials as well as matrix materials
used in OLED’s is the mobility of the charge
carriers. E.g. in order to decrease the Ohmic
voltage drop over the device and increase the
power efficiency it is important to have mate-
rials with a large mobility. Electron and hole
mobilities can be determined in different ways
but the most direct information is obtained
with the time of flight method (TOF).The
sample is placed between two blocking elec-
trodes of which one is semitransparant (eg.
ITO or a very thin metal electrode).A voltage
is applied between the electrodes that creates
a uniform field in the sample. Upon excitation
of thin layer of the sample by a short mono-
chromatic laser pulse, a thin sheet of excitons
is created close to one of the electrodes.
Their dissociation yields electrons and holes
that will migrate to the anode and cathode
respectively.As long as the carriers migrate
through the sample, a current is observed
which becomes zero when all carriers left the
sample.While the mobility of the carriers can
be determined from the width of the current
pulse, corresponding to the transit time (ttr),
the area under the pulse yields the amount of
carriers created. Eventually, the mobility (μ)
can be derived from ttr = L2/  μV, where L is
the sample thickness and V the applied 
voltage.

While electron and hole mobilities are well
known in materials used in xerography, no or
very limited information is available for many
materials used in OLEDS (CBP, BCP, metal
complexes, conjugated polymers ).We will
stress in our research the mobility in mixtures
of matrix materials responsible for charge
transport and luminescent metal complexes.
Field- and temperature dependencies of the
mobility will be studied over a wide range.
These dependencies will then be explained 
by formerly described models (e.g. disorder
formalism), which will be extend to take into
account the luminescent dopant, acting as a
trapping center. Contrary to the studies of
materials used in xerography we will try to
investigate the bipolar mobility of the materi-
als, e.g. we are not only also interested in the
hole mobility a hole transporting material but
also in its electron mobility and vice versa.
The latter will allow us to correlate the
mobility of the “wrong” carrier with the 
merits of the material as electron and hole
blocking material.

1) R.G. Kepler, Phys. Rev. 1960, 119, 4.
2) O.H. Le Blanc, J. Chem. Phys.

1960, 33, 626.
3) M.Van der Auweraer, F.C. De Schryver,

P. Borsenberger, H. Bässler, Advanced
Mat., 1994, 6, 199.
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Color appearance of our natural environ-
ment in the absence of sunlight is always an
important issue in lighting applications.
Therefore the Color Rendering Index (CRI)
was defined.
The CRI describes the color reproduction
appearance of any light source. It ranges
from 0 to 100 and is having no unit.A high
color rendering is essential in settings where
natural color appearance is important (e.g.
in shops).

OLLA now published on its website a
report on the CRI of white OLED light
sources.The scope of this report is to 
investigate whether the current state-of-
the-art broadband emitting polymers are
matching the CRI properties of usual light
bulbs or other illumination sources. So far
the polymers were developed for display
applications, for which only the visual color
coordinates are essential.

In the first part of the report the basics -
definition and measurement – of the CRI
are described.The second chapter deals
with the limitations of the CRI measure-
ment. In the last section CRI measurements
of current polymeric OLED emitters are
shown and are compared with other light
sources with which OLEDs have to compete
in future applications.

The document (PDF format) is available for
free from the download area of the OLLA
website. www.olla-project.org

OLLA CRI
report published

Also funded from within the European
Commission’s IST program, the Integrated
Project FlexiDis, or "Flexible Displays", is tar-
geting the fabrication of flexible active-matrix
displays. Flexible displays cover a range of
mechanical properties and product formats –
from robust/unbreakable, ultra-thin, non-
rectangular, non-flat, conformal, bendable and
even rollable displays, but in all cases, there is
in-depth research required to make these
devices a commercial reality.

Goal of FlexiDis is to develop the novel 
process technologies required for flexible
displays, along with a fundamental understan-
ding of their mechanical behaviour and 
reliability.And, of course, manufacturing
methods must be developed that are suitable
for scale-up to commercialisation and pro-
duct generation, in the FlexiDis targeted
markets of mobile, wearable, automotive or
other consumer displays.

“The research on novel materials, devices,
handling and production methods for flexible
displays will enable us to break through the
capital-intensive, high-investment factory
model currently true today in the Far East.”,
says Eliav Haskal, coordinator of FlexiDis.
“This project is therefore aimed at advancing
display R&D in Europe, with the express 
purpose of strengthening display manu-
facturing in Europe.”

The active-matrix backplane is composed 
of a high-resolution 2D array of thin-film
transistor (TFT) switches prepared on a
flexible plastic or steel foil, where each TFT
is located behind a display pixel and used to
turn on or off that particular pixel. The 
display principles, either organic light-emitting 
devices (OLEDs) or electrophoretic (EP)
foils, are combined with the active-matrix
backplane to make the final display. With 
driving circuitry and interconnects, images
can be produced on the displays.

Within the course of FlexiDis, several 
different types of active-matrix displays will
be fabricated, including 
• Full-colour organic light-emitting 

displays (OLED) on bendable metal and/or
plastic foils with silicon thin-film driving 
transistors, and 

• electrophoretic (EP) monochrome displays
on bendable and rollable plastic substrates
with organic thin-film driving transistors.

The goal is to show a series of display
demonstrators over the period Q4 2005 
out to 2007.
For more information, and a copy of the
FlexiDis newsletter, please see 
www.flexidis-project.org

Processing of low-temperature poly-silicon (LTPS)
on metal foil (courtesy of CEA-LETI)

FlexiDis
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OLED
Summerschool 2005

From 16-26 September, a decicate OLED
Summer School will take place in Krutyn,
Poland.This 2005 edition is organised by the
Institute of Physical Chemistry of the Polish
Academy of Sciences in connection with the
FP6 OLLA Project. Main topic will be, among
other more generic OLED topics,Advanced
Luminescent Materials based on Lanthanide
Organic/Inorganic Complexes.About 35 
participants and 15 speakers are expected
for a deep scientific dive.

The Summer School site is located in the
heart of Mazurian Lake District.This is one
of the most beautiful and undiscovered lake
area’s of Europe. Krutyn is accessible by
shuttle bus or car within 3 hours from
Warsaw.

For Summer school program details, cost
and further information:
http://ichf.edu.pl/summer_school2005/
index.html

As part of the activities of the application
requirements taskforce, OLLA will organize
a dedicated Signage Application
Workshop in Frankfurt on 18 
November 2005.
Signage applications are seen as one of 
the first adopters of OLED lighting 
technology, as the requirements are 
different from general lighting 
applications.

Goal of the workshop is to get into
contact with the European Signage
industry, inform them on the OLED
technology status and discuss the
requirements and application conditi-
ons in more detail.These details are
helpful input for the project, and will
be feed into the project for further
development of OLED materials
and devices.

If you are interested to join this 
workshop, please mail to:
workshop@olla-project.org

For the same reason the OLLA project has
published a requirements survey.This survey,
which is already filled in by many companies,
is access able via the OLLA homepage.

Signage Application Workshop18 November 2005
Frankfurt

OLED Signage
Application workshop, Frankfurt, 18 November

The participants of the OLLA Tutorial sessions, Pommersfelden, April 2005
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Other EU initiatives: EPIC 

EPIC, the European Photonics Industry
Consortium, is working to create opportuni-
ties: growing business and new technologies
for European photonics industries. Starting
from our base of five Board members in
2004, now more than 50 companies decided
to join. EPIC is now recognised throughout
Europe as one of the driving forces suppor-
ting the creation of a photonics technology
platform at the European level.
Membership in EPIC is open to all
European companies, research institutes,
universities, and financial partners (such as
banks or venture capital organisations).

ROADMAP
EPIC works with the European Commission
to translate industry needs into research
and development programmes. EPIC owns
and maintains the Photonic Technologies
Roadmap.Topics that have been addressed:
Building OLED infrastructure in Europe,
Photonics in the automobile, and Photonics
in the FP-6 R&D programmes.

Photonics Platform
All in all, EPIC participated on behalf of its
members, in nine different actions.Among the
most important, EPIC helped to organise two
important meetings with the European
Commission to initiate a Photonics technolo-
gy platform in FP-7.The initiative to create a
Photonics Technology Platform is a collabora-
tive effort involving EPIC,The European
Commission, the Association of German
Engineers (VDI) and many members of the
European photonics community.

The EPIC Vision Photonics for the 21st
Century**, has successfully focussed attenti-
on of the strategic importance of photonics
for the healthy growth and development of
European industry in 5 main sectors:
Communications and display, Lighting, Health
and medicine, Manufacturing, and Defence
and security.
We are now moving forward to create 
the operational structure for this Platform,
and we welcome the participation of OLLA 
in building the strategic research agenda 
for FP-7.

Cover of the Vision document, Photonics for the
21st Century

**You may download your copy of the
Vision document, Photonics for the 21st
Century on the EPIC web-site:
www.epic-assoc.com

European Photonics Industry
Consortium
By T.P. Pearsall, EPIC chairman

European Photonics Industry Consortium

OLLA board meeting at partner IAPP, December 2004, Dresden.
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OLLAgenda & Events calendar 

16-26 Sept 2005 IPC/OLLA summerschool on
Advanced Luminescent Materials based on Lanthanide 
Organic/Inorganic Complexes, Krutyn, Poland

27-30 Sept 2005 ECOER, European Conference on 
Organic Electronics & Related Phenomena
OLLA partner contribution   
Winterthur, Switserland 
www.ccp.zhwin.ch/ecoer 

26-28 Sept 2005 Organic Semiconductor Conference’05
OLLA presentation
Queens' College, Cambridge, UK
www.cintelliq.com/conference.htm 

4-5 Oct 2005 Plastic Electronics 2005, Conference & Showcase
OLLA showcase and presentation
Messe Frankfurt, Germany
www.plastictronic2005.org

17 Oct 2005 OLLA PhD-Day training
IAPP, Dresden, Germany

18-19 Oct 2005 3rd OLLA-Wide-Workshop
NH hotel, Dresden, Germany

19 Oct 2005 Adria Project Roadmap meeting #3, Paris
www.adria-network.org 

14-16 Nov 2005 OLEDs 2005
San Diego, CA, USA
OLLA partner papers and poster
www.intertechusa.com/conferences 

14-15 Nov 2005 CER, Communicating European Research
OLLA showcase
Brussels, Belgium

18 Nov 2005 OLED Signage Application Workshop,
OLLA workshop for invited persons
Frankfurt, Germany 

29 Nov 2005 FP6- IST - Organic Cluster Event,
OLLA presentation
Brussel, Belgium

27 Nov - 2 Dec 2005 MRS-Fall, Symposium D
Boston, MA, USA
www.mrs.org/meetings/fall2005/

21-26 Jan 2006 SPIE- Photonics West, OPTO conference,
San Jose, USA
www.spie.org

3-7 Apr 2006 SPIE - Photonics Europe
Strasbourg, France
www.spie.org 

24-26 Apr 2006 OLEDs Asia 2006
Singapore, Singapore


