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ABSTRACT

"Optical Technologies have conquered the world" - their economic key data showed an impressive growth in the past
couple of years, and the predictions for the up-coming years keep the expectations high" 2. In the case of OLED (Organic
Light Emitting Diode) lighting, e.g. IDTechEx is predicting a worldwide market growth from 50 million USD in 2009 to
3.3 billion USD in 2012°.

LED and OLED technology, although both being referred to as solid state lighting, are rather complementary in their
characteristics. Whereas LEDs are high efficient point light sources, OLEDs cover large area, diffuse lighting applica-
tions which can follow the increased awareness for creation of personalized atmosphere. Ambience and mood lighting
can be perfectly realized by the means of OLED large area illumination which will pave the way for applications that up
to now could not have been realized.

OLED lighting technology rests on three pillars at the same time, the basic performance like efficiency and lifetime, the
unique features, and costs. These key challenges and their impact on various applications will be discussed.

Keywords: Organic light-emitting diode, OLED, lighting, white light, OLED lighting applications, unique selling
points, specifications, key challenges

1. INTRODUCTION
1.1 The OLED function principle

Since the first report of efficient electroluminescence (EL) in amorphous thin films* and the first light emitting polymers
in 1990°, organic light emitting diodes (OLEDs) have been the subject of intense research activities. OLEDs are ultra-
thin multilayer film devices, with the active layer stack compris-
ing a total thickness of typically less than 500 nm. Charge trans- Firpic
port in these usually amorphous films is a carrier hopping )
mechanism between localized states associated with certain m-
electron structures under the influence of an external field. Elec-
trons and holes migrate in opposite directions and are driven to
the emissive zone where they form excitons, which decay radia-
tively under emission of light. OLEDs have proven to be effi-
cient solid-state light sources and their power efficiencies have
by far surpassed those of the incandescent bulbs by improved
device architectures, smart molecular engineering in synthesis of
new materials, improved light out coupling, the introduction of
conductivity doping®, and the incorporation of phosphorescent
emitters.

White light now can be generated by e.g. a 2-color-mixing of
greenish-blue and orange emitters stacked on top of each other,
by using a three color approach with red, green and blue emis-
sion, or, similar to inorganic white LEDs, by combining a blue 9 (e
OLED pump light with external converter materials. Color coor-
dinates, efficiency, and color rendering indices usually differ
between the above approaches.
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Today’s lumen efficiencies at reasonable lifetimes of 25 lm/W
and more (even 62 Im/W and 64 Im/W have been reported for  Fig. 1. Basic function principle of OLEDs (sample).
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white OLED” *) have been demonstrated for brightness values of 1000 cd/m2 and fixed white color coordinates. White
OLED technology is drawing most attention due to its application for general lighting and was amongst others pioneered
by the group of Prof. Kido at Yamagata University.

1.2 The unique features of OLED lighting

Enables new
Diffuse area  light sources
ilumination ~ and
for increased applications
well being

The ultra-thin and typically transparent architec-
ture of the amorphous OLED layers is the key
asset enabling most of the unique selling points
of OLED lighting. The devices are thin, flat, and
light-weight, are potentially transparent and
flexible, and can be controlled by electronic gear
quite easily, both in brightness and color. These
are the features which offer an entirely new para-
digm for the infrastructure of artificial illu-
mination - "light where it never has been before".
The infrastructure of light now can easily inte-
grate into e.g. building materials such as glass or
steel.
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Fig. 2. The unique features of OLED (thin, flat, transparent, and flexible)
will enable completely new applications which can follow the increased
awareness for creation of atmosphere, ambience, and mood with flexible
area lighting (well-being).
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Moreover, since OLEDs are free of hazardous
substances like e.g. mercury, they have already
solved one of the major issues of conventional
light sources.

With growing maturity of OLED technology in performance, in maintaining the unique features of the OLED throughout
the production process (substrate, electrode, encapsulation), as well as in production capability, applications will range
from less demanding applications such as signage, decorative lighting, over architainment, automotive applications,
safety, and LCD backlighting, up to large area flexible illumination (e.g. illuminated wallpaper) and general lighting with
higher requirements in terms of efficiency and reliability at high luminance levels.

2. THE KEY CHALLENGES OF OLED LIGHTING

OLED lighting technology rests on three pillars at the same time also re-
flecting the three key challenges of this technology. At first, the common
lighting requirements, mainly reliability, efficiency, and color quality, have
to be met. Secondly, the unique OLED features need to be maintained by the
manufacturing process and the materials used. E.g. achieving 50 Im/W white
(CRI > 80) with a lifetime of several 1000 h needs to be accomplished by
also using a flexible or transparent substrate, the appropriate electrodes, and
a flexible and/or transparent thin film encapsulation process. Last but not
least, all of the above must meet cost targets which for lighting are far more
than an order of magnitude below the cost of today's manufacturing OLED
displays, the first mass production application of OLED technology. The

Source: Siemens CT

cost of producing OLED light sources with, compared to point sources like
e.g. LED, rather low brightness levels is determined by the area rather than
by the lumen output. Here, low cost electrode structuring, high deposition

Fig. 3. White light is the main type of light
for room lighting, so this is the main focus
for research and development.

rate OLED evaporation, and low cost encapsulation are the key areas for
further development.

2.1 OLED Performance - Meeting the '"common lighting requirements

As the performance is highly dependent on the device architecture used, a short summary over the most commonly ap-
proaches will be given. To obtain white light, broadband or a two or three color emission is needed. The superposition of
blue, green and red appears white to the human eye. For display applications saturated RGB emission is necessary to
provide a large gamut in order to display graphics in high quality. As this is not true for lighting devices, white emission
can also be generated by using only two colors like a turquoise and red, although the color rendering will suffer from
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reducing to fewer colors. Thus possible technical implementations are based on either two or three color emission or on
an emission material that internally generates broadband white light. The most relevant design options including their
advantages and disadvantages are shown in Figure 4 and discussed in the following (left to right).

The technically simplest way to fabricate a white OLED is based on a single, white-emitting OLED stack (e.g. polymer)
as emission layer. These polymers can be blends of different emitting polymers or copolymers in which the emission
centers for either two or three colors are located as co-monomers on one polymer chain. This concept is the least compli-
cated one in terms of manufacturing compared to the other technologies described below.

Different organic emitters stacked on

. single white vertical horizontal blue & conversion
top of each other also provide the op- emission RGB stack RGB stack
portunity of color adjustment but, E
without intermediate electrodes, not in ‘EL‘ | ‘ |iﬂi‘ ‘E‘
an active way. By varying the thick-
ness of each layer the color can be o - - - — - -
. Q o Performance + High efficiency + Active tunability + No differential
tuned to produce different shades of g defined by the - Differential aging |+ Each color can be ageing
white. Since there is a risk of re-dis- 5 polymer - Complex device optimized + Easy optimization
. . = - Differential aging stack individually o Depends on phos.
solving the lower layers in the case of [ blue
. .19
polymers, 'crpss-llnkable' materlals are & + Easy process - Complex multi layer |- Complex process + Easy blue printed or
most promising for multl-layer setups. 2 (printing) stacks deposited in with low fill factor evaporated stack &
<] vacuum - Topography converter layers
Another option is to laterally pattern e needed?
the different color OLED stacks next + High CRI +HighCRI + Active tunability + Customization
to each other. The big advantage of + (active) tunability + Signage

this configuration is active color
tunability as the brightness of each  Fig. 4. Different approaches could fulfill different application demands in time.

color can be adjusted separately by

modulating the respective drive current. Depending on the requirement of the user, color can be tuned in a wide range.
So, special atmosphere illumination and active signage applications can be realized. However, this lateral patterning ends
up in longer tact times, the necessity of (fine) lateral structures and therefore increased cost of production.

A very promising technology which is key to the success of white inorganic LEDs and which also has been successfully
demonstrated with OLED'*"" is the use of a blue pump source and the subsequent generation of white light by additional
down-conversion layers. As the overall efficiency is directly related to the efficiency of the pump, the use of high effi-
cient (phosphorescent) OLED is almost mandatory. Easy fabrication and the lack of differential color aging inside the
OLED stack are the huge benefits of this method. By varying the thickness of the conversion layers the color can also be
tuned in a wide range. However, today's limited stability of the blue (phosphorescent) OLED materials is limiting the
wide application of this approach. Due to its high relevance to future OLED lighting applications, aspects of this ap-
proach will be discussed in more detail in the subsequent chapter.

Other more complex ideas to generate white light by utilizing e.g. exciplex emission'” or up-conversion are not included
into Figure 4 but are also under investigation by several groups.

Blue & conversion OLED

In a down-conversion device a luminescence converting material (phosphor) coated on a blue light source absorbs a part
of photons emitted by the light source and emits them at a longer wavelength. The non absorbed fraction of the photons
emitted by the light source and the photons emitted by the phosphor constitute the output spectrum of the coated device.
In 1997 Schlotter et al. were the first who introduced the down-conversion concept into inorganic solid state lighting
technology'’. In 2002 Duggal et al. presented an OLED-device offering illumination quality white light emission based
on the same principle''. Finding appropriate luminescence converting materials for devices with underlying blue OLED
characteristics is much more challenging than in the case of an inorganic LED, since organic EL spectra are typically
about ~4 times broader than classical inorganic LED. For example, in most cases it is not possible to reach the Planckian
locus by applying standard YAG:Ce3+ phosphor on a blue OLED (see fig. 5). To overcome this limitation more reddish
phosphorescing converters have to be introduced such as nitridosilicates'’. Using phosphor mixtures offers more free-
dom in creating individual colors of device emission (see fig. 5). This approach also allows generation of white light
based on a variety of phosphorescent blue OLEDs typically emitting in the bluish green range of the visible spectrum.
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An advantageous side-effect of a down-conversion layer applied
on top of a blue OLED can be enhanced light extraction due to
scattering by the phosphor particles. Using a ray tracing model
the extraction efficiency m; a as a function of normalized layer
thickness was simulated for devices which comprise of a blue
PLED panel and down-conversion layers containing YAG:Ce3+
powders with different particle size distributions v(r), L(r),
v4(r) (see fig. 6). Here, we define 1, as the fraction of photons
that is coupled into the substrate that is extracted into the ambi-
ent. Light extraction enhancement due to volumetric light scat-
tering by particles in diffusive layers has already been investi-
gated by Garditz et al.'* and Shiang et al.">. However, major dif-
ferences between down-conversion layers and diffusive layers
regarding the physical processes within the layers and the pur-
pose of the substrate surface modifications exist. First of all,
while in an ideal diffuse layer photons are only scattered by the
embedded particles, in a down-conversion layer a fraction of the
photons also undergoes absorption and isotropic reemission.
Furthermore, the primary purpose of a phosphor layer is the
color conversion from blue to white. To illustrate this, values of
Ts.a related to similar color coordinates in the white region (CIE
x/y = .32/.38) are marked with a circle in each curve of Fig. 6.
The phosphor particle distribution v;(r) is most suitable for the
efficient generation of white light. Here, according to simulation
an extraction efficiency of ns, = 0.67 can be reached, which was
almost reached experimentally.
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Fig. 5 CIE color-coordinates of simulated and measured
down conversion OLEDs with different mixtures of
yellow (YAG:Ce3+) and red (nitridosilicates) phosphors
in one layer on top of a blue OLED. The pure yellow
phosphor does not lead to white light generation. While
the mixed phosphor layer enables a wide variety of
achievable color coordinates with the same blue OLED
(color on demand).

When optimizing diffuse layers for light extraction enhancement, there is complete freedom in the choice of appropriate
layer parameters (layer thickness, particle loading and particle size). In contrast the optimization of down-conversion

layers is restricted by the target color 0.70

coordinates. In the optimum configura-
tion the fraction of photons, which is
necessary to reach the target color coor-
dinates, is converted by the layer and at
the same time scattering at the phosphor
particles leads to efficient light extraction
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tion within the layer. The average ab- 0.50 1
sorption cross section and the average

scattering cross section related to a given 0.454
phosphor powder are magnitudes which

are determined by the particle size distri- 0.40 41—
bution, by the complex refractive index 0

of the phosphor material, and by the re-
fractive index of the surrounding matrix
material. Hence, it seems hardly possible
to develop general design guide-lines for
the optimum phosphor particle size dis-
tribution. However, the presented results
implicate a careful choice of the phos-
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Fig. 6. Extraction efficiency 1., as a function of layer thickness, which has been
obtained from simulation for each of the considered distributions of phosphor
particle size. All data points related to similar color coordinates (CIE
x/y =.32/.38) are marked with a circle.

phor powder, since the particle size distribution has a significant impact on the resulting external device efficiency of

white light emitting down-conversion OLEDs.
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Scaling to large areas

There are many hurdles to overcome when scaling a small, high performance OLED test device with proven efficiency
and lifetime into a large area lighting panel. High performance devices typically consist of several layers, some of which
are very thin and need to be kept in very narrow tolerances to maintain good device performance. For large OLED light-
ing panels one has to therefore guarantee these thickness tolerances over the full panel area to achieve the required ho-
mogeneity in brightness and color over the entire lifespan of the product. Simulations'® can help to develop robust device
architectures being less sensitive to layer thickness variations thus enabling maybe even simpler production concepts.

Another important topic when up-scaling the device area is defect density (huge field strengths across ultra-thin organic
layers). E.g., 10 defects on average per m” would still result in a excellent yield for test diodes measuring only a few cm?,
whereas for lighting tiles of about 1m? the yield will be down close to zero. Device architectures more tolerant to parti-
cles and/or approaches to healing defects after production are needed to pave the road to high yield large area OLED
production.

Current Spreading

Besides color-stability, efficiency and operational life-

time one major key to establish large area OLED light- 1200 ————————

ing devices is also brightness homogeneity. The resis- measurement —

tance of the transparent electrode, normally consisting 1100 + simulation organic/mirror

of TCOs (transparent conductive oxides) like ITO (in- - ’ C ITO C ‘

dium tin oxide), leads to a voltage drop across the ac- & 1000 |- | substrate glass l

tive area. This lateral voltage drop causes variations in t %

local driving voltage thus brightness (and maybe even § 900 T

color) variations, e.g. the brightness decreases with o |
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To illustrate this behavior in figure 7 a cross-sectional S 700 ]
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shown. There, a comparison of a finite element simu- 600 i

lation of an OLED with an experiment is made. The

simulation using experimentally determined LIV char- 500 .
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acteristics of a similar built small test diode, which is
then put into a diode model, shows excellent agree-
ment with the experiment. Using this powerful tool,
homogeneity can now be predicted and greatly im- Fig. 7. Cross-sectional cut through the radiance profile of an
proved without having to make several large area test ~ OLED lighting tile. The inset shows schematically the geometry.
devices. The most straight forward approach to over-  C denotes the supply line to ITO.

come voltage drops current spreading systems like

metal bus bar structures have to be introduced'” ' °.
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A further aspect impacting brightness uniformity (t, as well as after lifetime), which can also be taken into account in
this simulation tool, is thermal heating during device operation. This leads to both a change in the diode characteristics
and a further enhancement of the radiance drop*’ as well as differential aging.

2.2 OLED Features - Paving the way towards new lighting applications

The OLED stack itself is thin, flat, and light-weight, potentially transparent and flexible, and can be controlled by elec-
tronic gear quite easily, both in brightness and color. Unfortunately, today's way of OLED production, which includes
the use of glass substrates, a metal cathode, and a bulky encapsulation concept, prevents many of these features to be
transferred into a product. To fulfill the desire for design flexibility and individualization, development of the substrate
technology (thin and transparent), of transparent electrodes (TCO or thin metal film), and of a low cost transparent and
flexible encapsulation concept are key to make OLED lighting successful not only as a niche product but as a broad
scope new lighting technology.
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Fig. 8. Fully flexible and at the same time highly transparent OLED light sources are the holy grail of the OLED lighting
community. To achieve this, flexible transparent substrates, electrodes, and encapsulation concepts are needed.

Below table gives an overview over the different features of OLED lighting technology as well as an indication on the
availability and the major challenges on the way to achieve the respective feature.

Feature Availability (when) Challenges on the way

Pleasant diffused light source now - scaling to large area

Instant-on feature now

Environmentally friendly now

(free of Hg)

Electronic color control now / next generation - stable device performance over dimming

- non laterally structured architectures that allow color
tuning like intermediate electrodes or approaches with
voltage depending color point

Transparency now / next generation - transparent electrodes and substrate/encapsulation

Thin, flat and light weight now / next generation - alternative substrate materials to glass
- thin film encapsulation concept suitable for large are
and low cost manufacturing

Design flexibility: now / future - flexible substrates (barrier layers)
Variable shape (2D), fully flexible - flexible electrodes (ITO?)
- flexible encapsulation

Table 1. The key features of OLED lighting.
Flexibility

Flexible OLED light source technology mainly is relying on providing suffi-
cient permeation barriers on transparent and flexible substrates (and/or en-
capsulation). For today's OLEDs permeation barriers for water of less than
10° g/m*day @ RT are required which can be fulfilled by e.g. glass (but not
flexible) or metal films (but not transparent - as top emitter possible). Flexi-
ble and at the same time transparent substrates are mainly plastic films but
even highly engineered polymers reach only 10" g/m*day.

Coating of plastic films (mono- or multilayer) is one possible approach and
first devices built on PET and PES have shown the potential of this ap-
proach. Another possibility was to make the OLED stack itself less sensitive
to oxygen and water (e.g. organic photo voltaics typically only demands 1 to
2 orders of magnitude less permeation barrier quality) but less reactive injec-
tion cathode approaches need to be developed here.

Fig. 9. Flexible OLED device made at
Siemens CT with unchanged LIV perform-
ance while bending.

Another challenge, especially with encapsulation, is obtaining a barrier layer which is free of defects. Whereas this is a
challenge already for non-flexible OLEDs, it will be one of the key milestones towards flexible devices. Making the bar-
rier itself dense enough for OLED is one thing, but achieving this over m”* without generating cracks or pinholes is an-
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other. Conformal coating technologies, multi-barrier concepts, and clever planarization layers are needed to achieve
good permeation barriers over large areas.

If highest flexibility (small bending curvatures) are required, even today's TCOs like ITO are no longer suitable and al-
ternative electrode concepts (organic?) are required.

Transparency

The most common approach towards transparency is the use of a standard transparent substrate with an integrated trans-
parent electrode (e.g. ITO on glass) and replacing the standard metal top electrode by a transparent one. This transparent
top electrode not only grants access to transparent devices but also will enable the use of opaque (but flexible or cheap)
substrates where the light needs to be coupled out through the 'backdoor'. Many OLED display players like Samsung SDI
and Sony have already demonstrated top emission and/or transparent displays. The approaches used vary from using
TCOs (ITO, ATO, ZnO, etc.) or thin metal films, TMFs (on top of which subsequently an anti-reflection coating could
be applied). The major challenges here are homogeneity of brightness and color, both over area as well as over viewing
angle, making the transparent structures conductive enough for the current driven OLED devices, and, finally, finding a
deposition process that is compatible with the sensitive OLED stack and that is robust and fast enough to be transferred
into mass production.

OLED:s in general typically show less or more pronounced color-shifts over the viewing angle. This behavior is mainly
due to interference effects between directly emitted photons and photons reflected at the metal electrode. In diodes con-
taining broadband emission a blue shift of the spectrum with increasing viewing angle is observed as the red part of the
spectra is suppressed by destructive interference’’. Also influences of the wavelength dependent refraction indices may
be present. Without taking countermeasures like tuning the so-called p-cavity, thin metal films, which from the view of
processing on top of the organics have many advantages, would be inferior compared to TCOs. Another disadvantage of
TMFs is the thinness requirements of the metal film (about 10 nm for silver) making it difficult to accurately control the
thickness over large areas as well as getting enough current through the electrode to drive the OLED. There is no clear
trend visible in the community, whether TCOs or TMFs finally will make their way into mass production of OLED light-
ing.

Optical Simulations

400 e 5
—a— Top Emission

350 4 —v— Bottom Emission

Factor ~3.6 F4

Radiance [a.u.]

Factor ~1.7

0 50 100 150 200 250 300
Top-ITO Thickness [nm]

Fig. 10. Transparent OLED test diode. A package transmissivity of more than 68 % (average 450-750nm) was achieved.
Moreover, by tuning the thickness of the transparent top ITO contact, the ratio of emission to top and bottom could be
changed by more than a factor of 2.

2.3 OLED production costs - The route towards low cost manufacturing

And then we have to make it affordable. First OLED niche applications may tolerate higher production costs, which still
should be well below those for OLED displays per unit area, but real breakthrough concepts need to clearly show the
potential to get in the range of typical lighting applications.

Next to the need of suitable front-of-line (FoL, i.e. substrates with first electrode structures) and end-of-line (EoL, i.e. the
encapsulation) processes, the key challenge of low cost OLED manufacturing is high rate deposition of the OLED stack
itself at high yield without sacrificing the molecules and the performance of the mainly very complex multi-layer sys-
tems.
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High rate deposition of the organic layers likely will, by its growth kinetics, have a major impact on the resulting layer
morphology. As the basic device characteristics are dominated by the layers' morphology as well as the interface proper-
ties, the device performance (initial or over lifetime) is likely to be influenced by the deposition and therefore production
concept. Alternative source concepts and/or suitable post treatment of the organic layers for achieving a well-controlled
morphology and interface need to be developed to fulfill the requirements of low cost OLED lighting production.

Other important cost contributors are FoL and EoL. Today's lithographically structured ITO glass is too expensive to be
used beyond pilot production. This has mainly two reasons, the lavish photolithography process itself, which is needed
for the small feature sizes of OLED displays but is not necessary for defining lighting features, as well as the indium
prices, which rose from below 100 USD/kg in 2003 to more than 1000 USD/kg in 2005. This trend will continue as lim-
ited Indium also fuels for the flat panel display industry. Litho and ITO free substrates are to be developed with a surface
roughness suitable to deposit the ultra-thin OLED stacks on top. Also OLED display state-of-the art EoL, glass plates
exhibiting a cavity filled with desiccant, need to be replaced by low cost solutions. Conformal, low cost thin film encap-
sulation processes, as being developed by e.g. Vitex and OTB*** are required to get production cost in the target range.

Other important areas of interest for cost reduction are a well adapted test concept, choice of mechanical and electrical
components for module assembly, standardization of the mechanical and electrical interfaces, as well as a deep under-
standing of the defect mechanisms of large area organic diodes.

OLED lighting
cost ' foday ' ?

General lighting
cost today

0.1¢/Im

Fig. 11. A proper production concept, improvement of efficiency (more light at the same area cost) and improvement of life-
time (sustain more light at the same cost) are needed to fulfill the cost requirements. E.g., a cost effective and color in-
dependent light extraction significantly reduces the cost per lumen. This is shown on the right of Fig. 11, the same light
extraction means is applied to 3 different colors on the respective left half of the lighting tile.

3. OLED LIGHTING APPLICATIONS
Large area diffuse OLED lighting is a per-
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flat, and diffuse nature of the OLED tech-
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other signs

Fig. 12. Street in the future of illumination with OLED technology.
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nology

With growing maturity of the technology, more demanding applications like e.g. automotive and luminaires will join in
driven by completely new degrees of design flexibility. Finally, general illumination applications indoor and outdoor will
be accessible which, next to the re-definition of the aesthetics of architectural materials will also allow the reduction of
visible obstacles by the diffuse, glare free area illumination and thereby generate a comfortable ambience.

It are the unique features of OLED lighting:

General Lighting

- Thin, ﬂat, and llght Welght - = Large areas
- Pleasant diffused light source e
- Transparency -+ 20000 hrs lifetime
. * CRIl'> 856
- Electronic control
. e . . LCD backlightin
- Design flexibility: variable shape, bendable, flexible T
- Instant-on feature 2 SR LI
. . + 20 000 hrs lifetime = =
- Environmentally friendly (free of Hg) + Color gammut essential (NTSC)
which form the basis of new lighting applications but Signage : :
not all applications will demand all those features all at + Moderate luminance with several
100nits, mult-color
once. . ~30 Im/W : : S
+ »10.000 h (differs by application)
Possible OLED applications will not only differ in fea- © Sligiillifz > & yezve

tures they also differ in their basic performance re-

quirements. Figure 13 shows three exemplary areas of  Fig. 13. Summary target specifications of exemplary OLED
application including a summary of their specifications.  lighting applications.

Whereas signage applications are typically in the 100

nits range, the requirements for LCD backlighting would be some 2 orders of magnitude higher. For high brightness ap-
plications, efficiency clearly will play a more dominant role than for lower brightness purposes.

4. SUMMARY

Large area diffuse OLED lighting is a perfect technology to realize applications that can follow the increased awareness
for creation of atmosphere, ambience, and mood lighting. The unique features of OLED enable the infrastructure of light
to integrate into materials which offers designers and customers highest degree in individualization, differentiation, and
customization.

But before OLED lighting becomes a mainstream technology, it will have to master its three key challenges. First, meet-
ing the common lighting targets reliability, efficiency, and color quality. Secondly, maintain the unique features offered
by the OLED film itself (e.g. flexibility, thinness), and last but not least meet the cost targets.

Not all of the above challenges will be fully mastered in the beginning of OLED technology finding its way into early
applications. There will be maybe first signage and accessoires applications and with growing maturity of the technol-
ogy, more demanding applications like e.g. automotive and luminaires will join in. Finally, general illumination applica-
tions indoor and outdoor will be accessible.

OLED area illumination will pave the way for applications that up to now could not have been realized — light where it
never has been before.
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