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Transcript 



Organic light-emitting diode
(OLED)
OLED, short for organic light-emitting diode, is a display device that sandwiches carbon-based
films between two charged electrodes, one a metallic cathode and one a transparent anode, usually
being glass. The organic films consist of a hole-injection layer, a hole-transport layer, an emissive layer
and an electron-transport layer. When voltage is applied to the OLED cell, the injected positive and
negative charges recombine in the emissive layer and create electro luminescent light. Unlike LCDs,
which require backlighting, OLED displays are emissive devices - they emit light rather than modulate
transmitted or reflected light.
OLED technology was invented by Eastman Kodak in the early 1980s. It is beginning to replace
LCD technology in handheld devices such as PDAs and cellular phones because the technology is
brighter, thinner, faster and lighter than LCDs, use less power, offer higher contrast and are cheaper
to manufacture.
OLEDs are solid-state devices composed of thin films of organic molecules that create light
with the application of electricity. OLEDs can provide brighter, crisper displays on electronic devices
and use less power than conventional light-emitting diodes (LEDs) or liquid crystal displays (LCDs)
used today.
Working principle
A typical OLED is composed of a layer of organic materials situated between two electrodes,
the anode and cathode, all deposited on a substrate. The organic molecules are electrically conductive
as a result of delocalization of pi electrons caused by conjugation over all or part of the molecule.
These materials have conductivity levels ranging from insulators to conductors, and therefore are
considered organic semiconductors. The highest occupied and lowest unoccupied molecular orbitals
(HOMO and LUMO) of organic semiconductors are analogous to the valence and conduction bands of
inorganic semiconductors.
Originally, the most basic polymer OLEDs consisted of a single organic layer. One example was
the first light-emitting device synthesised by J. H. Burroughes et al., which involved a single layer of
poly(p-phenylene vinylene). However multilayer OLEDs can be fabricated with two or more layers in
order to improve device efficiency. As well as conductive properties, different materials may be
chosen to aid charge injection at electrodes by providing a more gradual electronic profile, or block a
charge from reaching the opposite electrode and being wasted. Many modern OLEDs incorporate a
simple bilayer structure, consisting of a conductive layer and an emissive layer.
During operation, a voltage is applied across the OLED such that the anode is positive with
respect to the cathode. A current of electrons flows through the device from cathode to anode, as
electrons are injected into the LUMO of the organic layer at the cathode and withdrawn from the
HOMO at the anode. This latter process may also be described as the injection of electron holes into
the HOMO. Electrostatic forces bring the electrons and the holes towards each other and they
recombine forming an exciton, a bound state of the electron and hole. This happens closer to the
emissive layer, because in organic semiconductors holes are generally more mobile than electrons.
The decay of this excited state results in a relaxation of the energy levels of the electron, accompanied
by emission of radiation whose frequency is in the visible region. The frequency of this radiation
depends on the band gap of the material, in this case the difference in energy between the HOMO
and LUMO.
As electrons and holes are fermions with half integer spin, an exciton may either be in a singlet
state or a triplet state depending on how the spins of the electron and hole have been combined.
Statistically three triplet excitons will be formed for each singlet exciton. Decay from triplet states
(phosphorescence) is spin forbidden, increasing the timescale of the transition and limiting the
internal efficiency of fluorescent devices. Phosphorescent organic light-emitting diodes make use of
spin–orbit interactions to facilitate intersystem crossing between singlet and triplet states, thus
obtaining emission from both singlet and triplet states and improving the internal efficiency.
Indium tin oxide (ITO) is commonly used as the anode material. It is transparent to visible light
and has a high work function which promotes injection of holes into the HOMO level of the organic
layer. A typical conductive layer may consist of PEDOT:PSS as the HOMO level of this material
generally lies between the workfunction of ITO and the HOMO of other commonly used polymers,
reducing the energy barriers for hole injection. Metals such as barium and calcium are often used for
the cathode as they have low work functions which promote injection of electrons into the LUMO of
the organic layer. Such metals are reactive, so require a capping layer of aluminium to avoid
degradation.
Single carrier devices are typically used to study the kinetics and charge transport mechanisms
of an organic material and can be useful when trying to study energy transfer processes. As current
through the device is composed of only one type of charge carrier, either electrons or holes,
recombination does not occur and no light is emitted. For example, electron only devices can be
obtained by replacing ITO with a lower work function metal which increases the energy barrier of hole
injection. Similarly, hole only devices can be made by using a cathode comprised solely of aluminium,
resulting in an energy barrier too large for efficient electron injection.
Technology and Applications of LEDs
LED light sources advance towards the lighting market. Organic light-emitting diodes could
soon open up a whole new range of lighting applications if their current pace of research and
development continues, writes Siân Harris.
Furniture designers and architects could have a whole new medium to play with if the
expectations of organic light-emitting diodes (OLEDs) are realized. This emerging lighting technology
using organic light-emitting materials, a counterpart to conventional semiconductor-based LEDs,
could open up new application areas for lighting if it moves from its current R&D status to commercial
products.
Unlike incandescent bulbs, halogen lamps or LEDs, which are all point sources, OLEDs are flat
area sources; they emit light uniformly from everywhere on their surface. This means that diffuse,
glare-free lighting effects can be created without the need for special screens, mirrors or reflective
ribs such as those used to diffuse the light from fluorescent tubes. And, if the industry goals are
realized, these new lights should eventually far surpass many current lighting technologies in energy
efficiency, lifetime and color rendering.
Eventually, the OLED industry hopes that this new lighting technology could compete with the
fluorescent tubes and incandescent lamps that currently light up offices and homes and complement
point source technologies such as LEDs. Before these mass-market applications occur, OLEDs could
find their way into any number of smaller and more specialist lighting applications such as illuminated
signs. Of course, OLEDs have already penetrated the small display market and are commonly seen in
MP3 players and in secondary displays in mobile phones handsets.
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