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This paper mainly introduces the light-emitting mechanism, preparation technology, and
application status of electroluminescent polymer materials. As an important category of
conductive polymer, electroluminescent polymer materials are also known as organic
electroluminescent (EL) diode materials or organic light-emitting diode (OLED)
materials. Compared with traditional display materials and devices, OLED materials
boast a high light-emitting efficiency, an easily adjustable wavelength, a long service
life, and an excellent machining performance. In the light of these advantages, this paper

summarizes the progresses and future trends of OLED materials and devices in green
lighting and panel display.

1. INTRODUCTION

Organic polymer photoelectric materials have received
extensive attention from researchers, thanks to its broad
application prospects [1-10]. For many years, scientists have
studied the synthesis, structure, conductive mechanism,
performance, and application of conductive polymer. The
recent progress in these areas has elevated conductive polymer
to an independent discipline.

In some fields, the dominance of liquid crystal displays
(LCDs) in the panel display market is being challenged by
organic light-emitting diode (OLED) display. Compared with
LCD panel display, OLED panel display is an efficient and
energy-saving lighting device. There are many advantages
with OLED panel display: active light emission, thinness and
lightweight, brilliant colors, full-angle view, and low energy
consumption. As a result, many research institutes, leading
electronics manufacturers, and world-famous chemical
companies have invested lots of manpower and money to
OLED research [11-15]. Despite the enormous success in the
research, there is still room for further improvement in terms
of overall light-emitting efficiency, wavelength adjustment,
stability, and service life.

This paper reviews the recent progress of OLED materials
and devices in terms of preparation process and quality, as well
as the main problems with these materials and devices.

2. DEVICES AND PRINCIPLE OF OLED

Electroluminescence refers to the light emission directly
excited by electric energy. Figure 1 shows the principle of
electroluminescence: the holes and electrons injected by
electrodes migrate in the target material, and combine into
excitons (excited molecules); then, the electrons jump from the
conduction band of excitons to the holes in the valence band;
the excess energy is released in the form of light, hence the
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light-emission phenomenon.
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Figure 1. Principle of electroluminescence

Currently, there are three basic structures for

electroluminescent polymer devices (Figure 2).
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Figure 2. Structures of electroluminescent polymer devices


https://crossmark.crossref.org/dialog/?doi=10.18280/acsm.450306&domain=pdf

Figure 2a is a simple sandwich structure: an LEL is
sandwiched between an electron injection electrode and a hole
injection electrode. This structure can be prepared in the
following steps: spin coating, dip coating or vacuum steaming
light-emitting material (LEL) on the conductive glass substrate;
plating with cathode material; connecting the power source.

To improve the stability and efficiency of the OLED device,
the injection of electrons should be balanced with the injection
of holes. This means the power function of the electrode
material should match the energy level of the
electroluminescent material. The general practice is to add an
ETL or an HTL to the system (Figure 2(b)) or add both ETL
and HTL to the system (Figure 2(c)).

The charge transport layers aim to balance electron
transport with hole transport, such that the two carriers could
combine precisely in the LEL into light-emitting excitons.
Each charge transport layer facilitates the transport of one kind
of charges, and hinders that of the other. In general, the ETL
blocks the transport of holes, while the HTL blocks the
transport of electrons.

To facilitate the emission of visible light, one of electron
injection electrode and hole injection electrode must be
transparent. The multilayer structure helps to balance
electrode injection with hole injection, and improve the
performance of OLED devices. Experiments have shown that
OLED devices with multilayer structure manage to achieve a
low driving voltage, and a balance between electron injection
and hole injection. Both contribute to the composite
probability of excitons and quantum efficiency of
electroluminescence.

3. TYPES OF OLED MATERIALS
3.1 Charge injection materials

3.1.1 Electron injection material

The main function of electron injection material is to inject
negative charges into the electroluminescent material. The
desired features of electron injection material include good
conductivity, suitable work function, and desirable physical-
chemical stability. The material should transmit the driving
voltage evenly to the organic material interface, and overcome
the interface potential to inject electrons effectively to the
organic layer. The commonly used electron injection materials
include pure metal, alloy, and metal composite. Alkaline
earths and aluminum alloys are the most popular electron
injection materials. The oxides or fluorides of these metals can
effectively improve electron injection efficiency, namely,
LixO, Al>0O3, CsCOs3, and CsF [16-22].

3.1.2 Hole injection material

Apart from hole injection, the anode material must ensure
the transparency of the electrode, such that the generated
visible light can pass through the electrode. The most widely
used anode material is indium-tin oxide (ITO) glass electrode,
which has an excellent hole injection performance for most
organic matters. The ITO is an ideal hole injection material,
with a high transparency and a high work function (4.9). The
hole injection performance of the ITO can be significantly
enhanced by altering its surface morphology and physical-
chemical properties. The alteration is generally realized
through proper treatment and chemical modification, using
plasma, acid, self-assembled film, or additional buffer layer.
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For example, acid treatment can increase the work function by
protonating the surface. The most effective acid is phosphoric
acid, which can increase the work function by 0.7¢V [23, 24].

Besides the ITO, many other metal oxides with high work
function, transmittance, and conductivity can serve as hole
injection material, namely, fluorine-doped tin oxide (FTO),
aluminum-doped zinc oxide (AZO), gallium-doped indium
oxide (GIO), gallium and indium-doped tin oxide (GITO),
zinc-doped tin oxide (ZIO), and zinc and indium-doped tin
oxide (ZITO) [25]. Conjugated polymers can also be prepared
into hole injection anode. For instance, replacing the ITO with
polyaniline could greatly improve the performance of OLED
devices: the operating voltage could drop by 30%, and the
quantum efficiency could increase by 10-30% [26].

3.2 Charge transmission materials

The transport materials of carriers can be divided into hole
transport material and electron transport material. Generally,
hole transporting material is an electron-rich compound, while
electron transport material is an electron-deficient compound.
Polymer hole transport material is introduced in details below,
owing to its extensive application.

3.2.1 Electron transfer material

The popular organic electron transport materials include
metal complexes and n-type organic semiconductor materials.
The favorite complexes among electroluminescence
researchers are tris(8-hydroxyquinoline) aluminum (Alqs3)
complex and its derivatives. Apart from the good electron
transport ability of Alqs, there are many other reasons for the
popularity of the complex and its derivatives: Alqs is easy to
synthesize and passivate; the complex enjoys excellent
thermal and morphological stability; it can be turned into a
film easily through evaporation; the molecular structure
prevents the formation of exciplex. However, Alqs is not ideal
in terms of electron mobility, quantum efficiency, and energy
gap. Similar complexes have also been frequently adopted for
electron transport, including tris(5-hydroxymethyl-8-
quinolinolato) aluminum (AlOq) [27], bis(5,7-dichloro-8-
quinolinolato)-(8-quinolinolato)aluminum [Alq(CLq).] [28],
and salicylidene-o-aminophenolato) (8-quinolinoato)
aluminum [Al(Saph-q)] [29].

3.2.2 Hole transport material

To facilitate hole transport and injection, hole transporting
material should have a good nucleophilic property, and a
conduction band energy level that matches the anode. Adachi
et al. prepared a two-layer LED: ITO / HTL/ emission layer
(EML) / Mg: Ag, where the HTL was made of 14 small
aromatic amine molecules, and the EML was made of a
material with a low ionization potential (508eV). The
materials significantly enhance the stability of the device.
Adachi et al. held that the device is more stable with the
decline of the energy barrier between the HTL and the anode.
In fact, the energy barrier has a great impact on the
performance of OLED devices. It was reported that the service
life of continuously running devices depends on the energy
barrier, i.e., the difference between the ionization potential of
the hole transport material and the work function of the ITO.
Meanwhile, the thermal stability of OLED devices is closely
associated with the glass transition temperature of hole
transport material. Therefore, hole transport material must
carry the following features: good film-forming property,



good hole transport ability, and high glass transition
temperature.

Polyethylene carbazole (PVK), a typical optical conductor,
has been widely adopted as a hole transport material. On the
structure of the material, the N electrophilic atoms absorb the
electrons on the double bond through the inductive effect. Due
to pm conjugation, the lone pairs of the N atoms are supplied
to the double bond, making it rich in electrons. The
conjugation effect is greater than the inducive effect. As a
result, PVK has a strong ability of hole transport. In organic
electroluminescent (EL) devices, PVK is often used in the
HTL. On the one hand, PVK reduces the crystallization of
small EL molecules, extending the service life of the device;
on the other hand, PVK increases the probability of electron-
hole composite, and improves the light-emitting efficiency of
the device.

Polysilane has attracted much attention for its high charge
mobility. This material carries many properties of =-
conjugated polymers, due to the -conjugation in the silicon
skeleton. The photoconductivity of polymers is determined by
light-emitting property and charge mobility. To enhance the
sensitivity within the visible range, substituent groups should
be connected to the side link. Polymethylsilane (PMPS) is a
favorable hole transport material. At room temperature, its
hole mobility is 103 cm/Vs. It is easy to obtain and process
pure PMPS samples, which has no absorption within visible
light. The material can be wet sprayed onto LEDs.

3.3 Light-emitting materials

3.3.1 Organic small molecule light-emitting materials

To achieve organic electroluminescence, organic small
molecule light-emitting materials need to satisfy the following
requirements: (1) strong fluorescence and no obvious
concentration quenching in solid state; (2) strong transport
ability of carriers; (3) good thermal and chemical stability; (4)
supporting vacuum evaporation.

As shown in Figure 3, Alqs is the most widely used organic
small molecule light-emitting material. It has the advantages
of good film-forming property, high carrier mobility, and
desired stability. Alqs is both an electroluminescent material,
and an electron transport material. Hence, the material can
serve as the ETL in LEDs. Hamada et al. synthesized multiple
complexes from three ligands (8-hydroxyquinoline and its two

derivatives) and four complex ions (Al**, Mg?*, Zn?" and Be?").

Under the bias voltage of 20V, 8-hydroxyquinoline (Znq»)
achieved an illuminance of up to 16,200cd/m?. Znq; and other
two-coordinate metal complexes are expected to become new
organic EL materials.

Figure 3. Molecular structure of Alq;
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Among organic small molecule electroluminescent
materials, 1,3,5-tris (diarylamino) benzene compounds have
been researched extensively. These compounds are easily
oxidized, and viewed as a potential hole transport material.
Karthikeyan et al. [30] synthesized five new 1,3,5-
tris(diarylamino)benzene compounds. These materials are
excellent in hole transport, due to their high energy level of
highest occupied molecular orbital (HOMO), and high glass
transition temperature. Two of them can emit blue and green
lights. Recently, triplet state light emission is realized by
doping phosphorescent dye into small molecules like Alqs and
4,4’-bis (N-carbazolyl)-1,1’-biphenyl (CBP). The resulting
light-emitting devices can achieve a quantum efficiency as
high as 13.7% and 38.3Im/W.

3.3.2 Polymer light-emitting materials

The development of organic small molecule EL materials is
still underway. But the crystallization, a common phenomenon
among small molecules, could shorten the service life of EL
devices. In addition, the films of organic small molecule EL
materials are mainly formed through vacuum evaporation. To
ensure light emission efficiency, the devices often adopt a
multilayer structure. This brings difficulty to device assembly.
It is costly to produce a large display with such materials.
Therefore, many scholars have shifted their attention to
polymers with excellent physical properties. These polymers
could be easily prepared into large displays, thanks to the
following superiorities: most polymers are very flexible,
highly formable, and unlikely to crystallize; the chain
conjugated polymers have a one-dimensional (1D) structure,
and a band gap equivalent to the energy of visible light; soluble
polymers boast good mechanical properties and film-forming
property.

At present, polymer materials are used in three forms in
LEDs: (1) conjugated polymers are adopted as the LEL; (2)
polymers are adopted as the carrier transport layer, and small
molecule EL materials as the LEL; (3) dye-doped polymers
are adopted as the LEL.

(1) Conjugated polymer electroluminescent materials:
poly(p-phenylenevinylene) (PPV) and its derivatives

In 1990, Burroughes et al. [31] at The Cavendish
Laboratory, University of Cambridge became the first to
prepare a polymer film electroluminescent device with PPV.
The device outputs bluish green lights with a direct current
(DC)-driven bias voltage smaller than 14V, and realizes a
quantum efficiency of 0.05%. Subsequently, in 1992, Braum
and Heerger at University of California designed a light-
emitting diode from PPV and its derivatives, which can
dissolve in organic solvent. With a starting voltage of 3V, the
diode can effectively emit two kinds of lights: a green light,
and an orange light. Until now, PPV remains the most
concerned light-emitting polymer, and is widely expected to
be commercialized. The electroluminescence performance of
the polymer is extraordinarily high. Because of its high
molecular weight, PPV can be prepared into high-quality films.
So far, various derivatives have been developed from PPV.

In EL devices, PPV, characterized by hole conductivity, can
be used for the LEL, as well as the carrier transport layer in
the multilayer structure. For instance, Greenham et al. [32]
prepared a two-layer LED, where the poly (2,5-di (hexyloxy)
cyanoterephthalylidene) (CN PPV) with high electronic
affinity serves as the LEL, and PPV as the HTL. The quantum
efficiency of the LED is up to 4%. The growing electronic
affinity of polymers can suppress the energy barrier during



electron injection. Therefore, EL materials with different
luminescent colors and light-emitting properties can be
obtained through proper chemical modification of polymers.
Doi et al. [33] explored the influence of the chain length of the
same type of substituents over the alkoxy-substituted PPV
(RO PPV), and observed that the -electroluminescence
intensity of the device first increased with the chain length,
reached the peak when the R group is n-alkyl with ten carbon
atoms, and decreased with further growth in chain length.
Recently, some researchers introduced Si alkyl group into the
side chain of PPV, and changed the distribution of ¢ key and
n bond. In this way, they effectively limited the electron
distribution on the polymer chain, and realized high quantum
efficiency. The obtained silane-substituted PPV has good
quantum efficiency, solubility, and film-forming property.

(2) Other electroluminescent conjugated polymer materials

Other than PPV, polythiophene is another popular class of
electroluminescent heterocyclic polymer materials. The
electronic energy level of polythiophene, with thiophene as the
skeleton, can be -easily adjusted through side chain
modification. The diverse spatial configurations that ensue
bring unexpected electronic properties, which catches the eyes
of many researchers. Polyfluorene is another type of widely
studied conjugated polymers. This material can dissolve well
in ordinary organic solvents, and fuse at a low temperature.
With a band gap larger than 290eV, polyfluorene provides a
desirable material for blue diodes. It is one of the few blue
light-emitting materials that could be applied in practice.
However, the current crowding effect might be the result of
the formation of low-level aggregates between the chain.
Therefore, the luminescence spectrum of polyfluorene has a
long tail, that is, the color is neither pure nor stable. The above
copolymers can emit lights from blue to green wavelength, and
have good solubility and thermal stability. The copolymer of
fluorene and anthracene is very thermostat, and that of
fluorene and aniline can enhance the hole transport ability,
reducing working voltage. In addition, the copolymer of
fluorene and carbazole (hole transport unit) can reduce the
driving voltage, and cut down the working voltage by half,
without any significant loss of light-emitting efficiency.

The Dow Chemical Company have studied a wide range of
the homopolymers and copolymers of fluorene. They once
developed a green light-emitting fluorene copolymer, and
prepared it into a two-layer LED. Under the working voltage
of 425V, the LED could reach a luminous brightness of
4,000cd/m?, and an efficiency of 779lm/W. The company also
designed a red light-emitting copolymer, whose efficiency is
as high as 1lm/W. Poly(1,4-phenylene) (PPP) is another blue
light-emitting conjugated polymer. The stable polymer has a
band gap of about 3eV, which meets the requirements for blue
light emission. It is an important material for blue light-
emitting devices. Some researchers prepared LEDs with PPP,
and managed to emit lights of the wavelength 415nm. Later,
several PPP derivatives were adopted to prepare LEDs. These
derivatives have a high fluorescence quantum efficiency.
Nevertheless, the EL devices made of them face a rather low
quantum efficiency. Y. Yang synthetized three soluble PPP
derivatives: poly [2- (2’-ethylhexyloxy)-1,4-phenylene]
(EHO-PPP), poly (2-decyloxy-1,4-phenylene) (DO-PPP), and
poly [2- (6’-cyano-6’-methylheptyloxy)-1,4-phenylene] (CN-
PPP). Taking the ITO as the anode, and Ca as the cathode, the
devices made of the derivatives emitted lights of the
wavelength 420nm, and achieved the quantum efficiency of 1-
3%. With air-stable cathode materials like Ag, In, Al and Cu,
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the quantum efficiency of the devices fell between 0.3% and
0.8% [34].

3.4 Dye-doped polymers / sensitized materials

The color of the lights emitted by OLED devices is
adjustable. One of the best adjustment strategies is to dope a
small amount of photoluminescent dye in OLEDs. The OLEDs
doped with photoluminescent dye can emit lights across the
spectrum of visible light, and work efficiently for a long time.
In the devices, the photoluminescent dye intercepts the
spectrum of the excitons produced in OLEDs, and emits lights
in its own spectrum. The doping of the dye can significantly
enhance the light-emitting efficiency of the OLEDs. Besides,
the dye-doped devices will have a narrow electroluminescence
spectrum, i.e., emit purer lights. This is very advantageous for
full-color display.

The triplet state light emission of organic small molecules
is now a hot topic. Doping triplet state light-emitting small
molecules into a polymer can transfer the energy from the
polymer to the molecules, and realize triplet state light
emission. Thus, the light-emitting efficiency of the polymer is
greatly improved. Judging by the luminescence spectrum of
devices, the energy of PVK can be transferred to Ir(PPY)s,
enabling triplet state light emission. Such devices combine the
efficient triplet state light emission with the good
processability of polymers, and are worthy of further research.

4. PREPARATION
DEVICES

TECHNOLOGY OF OLED

According to the preparation purposes, the preparation
technologies of OLED devices can be divided into the single-
and multi-layer film forming technology of panel light-
emitting devices, the forming technology of lattice light-
emitting devices, and the forming technology of full-color
devices composed of multiple light-emitting points. In
addition, it is necessary to consider some factors of the
preparation technologies that affect the light-emitting
efficiency and service life of devices, in order to satisfy the
needs of actual applications.
4.1 Forming methods electroluminescent
materials

of panel

(1) Vacuum evaporation film-forming

Vacuum coating is suitable for the film formation of
substances that are easy to sublimate under high vacuum. The
film is formed in a vacuum system. The coating material is
placed under a high temperature to be sublimated in vacuum.
The sublimated material will deposit uniformly on the low-
temperature substrate, forming a thin film. This method
requires special equipment, and good thermal stability of film-
forming material, which does not decompose under the
sublimation temperature. The film thickness depends on the
sublimation rate and evaporation time, while the sublimate rate
depends on the temperature and vacuum degree. That is why
temperature and vacuum degree are important industrial
parameters.

(2) Dip coating or spin coating film-forming

Dip coating or spin coating is a solution film-forming
method. Before coating, the film-forming material needs to be
dissolved in a solvent to create a solution with a suitable



concentration. During dip coating, the ITO electrode is
immersed in the film-forming solution, and then taken out to
let the solvent volatilize; Next, the solute is deposited into a
film. The thickness of the film can be controlled by adjusting
the concentration and viscosity of the solution, or by
regulating the number of dips. Dip coating is simple and easy
to implement, without needing complex instruments or
equipment. However, this approach does not apply to
multilayer electroluminescent devices, because the dip-
coating of the second layer often leads to short-circuit and
other faults to the first layer. Besides, it is difficult to control
the thickness and the uniformity of the film. Spin coating is an
improved version of dip coating. During spin coating, a film
of uniform thickness is formed under the centrifugal force
generated from substrate rotation. Specifically, the solution of
the film-forming material is dripped to the center of the surface
of the ITO glass electrode. Under the centrifugal force, the
excess solution is thrown out. The remaining solution is
adsorbed on the electrode surface, forming a uniform film.
Due to the short contact time, the electrode and solution have
a limited mutual influence. Therefore, spin coating can be
applied to prepare multilayer devices. The defect of this
technology is the difficulty in producing large films. Dip
coating and spin coting require the film-forming material to be
soluble in some solvents. Otherwise, it is impossible to obtain
a solution of the suitable concentration. These methods are not
widely applicable, owing to the poor solubility of some
electroluminescent polymer materials.

(3) In-situ polymerization film-forming

In-situ polymerization directly polymerize monomers on
the substrate to form a film. This is the only feasible and ideal
approach to create films on electroluminescent materials with
poor solubility or thermal stability. In-situ polymerization
combines the pre-synthetized monomeric compounds with
other polymerization reagents into a reaction system. The
general flow is as follows: First, prepare a polymerization
monomer reaction solution; Next, induce the polymerization
reaction by electrochemical, photochemical and other methods,
which directly forms a polymer film on the substrate. Through
in-situ polymerization, the LEL and charge transport layers
can be formed in-situ on the ITO electrode. Since the ITO
electrode acts as a conductive substrate, it is quite common to
prepare the LEL and charge transport layers through chemical
in-situ polymerization. To ensure the progress of the
electrochemical reaction, the electrolyte should be included in
the monomer solution to drive the polymerization reaction at
the three-electrode or two-electrode potential. As the active
group of electrochemical polymerization, the double bonds of
the terminal group can be introduced to the active structure to
form a polymer film with a main chain of saturated alkanes.
Moreover, a polymer film with a main-chain conjugated
structure can be generated through oxidative electrochemical
polymerization, using aromatic structure or the derivatives of
pyrrole or thiophene structure as monomers. One of the
prominent features of this technology is the applicability to
electroluminescent polymer materials with poor solubility and
biochemical properties, especially conjugated polymers.
During electrochemical polymerization, the film thickness can
be controlled by the electrolysis time and electrolysis voltage.
In addition, the thin films prepared by this approach have very
few defects. They are promising materials for ultrathin LELs.
For electroluminescent devices, a thin LEL means a low
starting voltage. However, postprocessing is necessary to
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eliminate the ionic impurities brought by electrochemical
polymerization.

(4) Ion sputtering form-formation

Ion sputtering uses high-energy ions with a certain kinetic
energy to bombard the film-forming material. Then, the
material sputters onto the substrate, forming a film. This
technology is mainly adopted to prepare charge injection
layers. For the electron injection electrode, the films are
mainly formed through vacuum evaporation of alkaline earths
with a low work function or their alloys. For those electrode
materials that are not easy to sublime, the bombardment with
high-energy ion current can create a film with a preset
thickness. Under the bombardment of high-energy ions,
organics are prone to destructive structural changes, and thus
unsuitable for preparing common charge transport layers or
LEL. This technology is mainly adopted for lab research. It
needs to be improved to realize industrial application.

4.2 Latticed or graphic forming of electroluminescent
materials

An  important  application  field of  organic
electroluminescent materials is the preparation of large flat
displays. In all modern display devices, the display elements
are arranged as a lattice. To improve the display quality, there
is a continuous increase of resolution. This calls for a huge
number of refined display eclements. Apparently, the
previously mentioned film-forming technologies cannot meet
the production efficiency or product quality. The Ilatticed
forming problem must be solved to develop image display
devices with organic electroluminescent materials. At present,
this problem is mainly solved by the following processing
techniques:

(1) Computer-controlled inkjet printing

This method is developed from dip coating. The first step is
to dissolve organic electroluminescent materials in a solvent
to prepare a printing solution (ink). Then, the solution is placed
in a machine with inkjet printing function. The computer-
controlled machine will print a functional film with a specific
graphic or latticed structure on the substrate. The size and time
of droplets ejected by the inkjet head can be controlled
precisely to form precise graphic or latticed patterns on the
base material, just like graphic printing. The thickness of the
film can be regulated by the concentration and viscosity of the
solution. Of course, as dip coating and spin coating, inkjet
printing requires that the material should be highly soluble in
a certain solvent, and could be prepared into LEL and charge
transport layers of specific thickness and shape and uniform
pixel size, under concentration control or printing technology
control. This technology is known for efficient working and
precise control.

(2) Photolithography

Photolithography is a mature processing technique widely
used in integrated circuits, printed circuits and printed plates.
In the preparation of electroluminescent devices, this
technique is primarily adopted to make the anode, that is, the
latticed and graphic processing of the ITO electrode. Generally,
the pixels on the ITO electrode prepared by photolithography
will be made through coating technologies. The cathode and
the LEL are normally not prepared by photolithography. After
all, the organic layers are easily damaged and polluted during
the cleaning of the photoresist.

(3) Shielding cover with vacuum evaporation



Extended from vacuum evaporation film-forming, this
approach creates specific graphic or latticed LEL and charge
transport layers in nonprotected areas, under the protection of
a shielding cover with a specific precision structure. The
shielding cover could be prepared from metals or organic
materials. In principle, this method is not limited by the type
of material. But the quality and performance of the prepared
electroluminescent devices hinge on the mechanical strength
and processing accuracy of the shield.

5. APPLICATION AND PROBLEMS OF OLED

OLED is mainly used in the fields of new displays, lighting,
and semiconductor lasers. In recent years, the United States,
the United Kingdom, Japan, Germany, the Netherlands, and
Sweden have been very active in new OLED displays. Many
companies invest heavily in this field, including Philips,
Siemens, and Hoechst in Europe; Pioneer, Toyota, TDK,
Seiko-Epson, Sumitomo, NEC, and Sanyo in Japan; Kodak,
HP, IBM, and DuPont in the United States. Among them,
Pioneer has piloted the commercial production of multi-color
displays for dashboards and small-molecule light-emitting
displays for mobile phones. LG and other companies in South
Korea also begin to enter this field. Philips (the Netherlands)
and Siemens (Germany) constructed one production line of
polymer light-emitting digital graphics displays for mobile
phones in Hellen and Malaysia, respectively. Both production
lines will soon be put into production. DuPont/Uniax (United
States), in association with RITEK (Taiwan, China), is
planning to develop a production line of polymer light-
emitting displays. Many companies have launched 1/4VGA
full-color display prototypes based on small molecule light-
emitting diodes.

Semiconductor lasers are widely used in modern science
and technology. Compared with traditional inorganic
semiconductors, organic semiconductors have the advantages
of easy processing, low cost, and flexibility. Therefore,
electrically-driven ~ lasers  prepared  with  organic
semiconductors have a wide application prospect. Light-
excited laser and amplified spontaneous emission are
ubiquitous in semiconductor polymers, organic small
molecules, and organic single crystals. Semiconductor
polymers, organic small molecules, and organic single crystals
have been successfully applied in thin-film organic light-
emitting devices. Schon et al. [35] of Bell Laboratories
prepared organic electric pumped laser devices with tetracene
single crystals. When the injection current reaches a critical
density, the emission spectrum will become narrower, from
the original 120%0 eV to less than 1%0 eV. When the gain
exceeds the loss, a net gain laser will be produced. The reason
for their success lies in the use of high-mobility organic single
crystals. Unlike amorphous organic materials, these single
crystals have a very limited effect of charge-induced
absorption. In addition, the field effect transistor (FET) was
adopted to inject electrons and holes, reducing the loss of
metal electrodes. However, polymer electric pumped laser
devices have not been materialized yet.

Further research of organic and polymer electroluminescent
devices will focus on the following problems:

(1) Basic research on light-emitting mechanism (improving
internal quantum efficiency): phosphorescence and other
triplet state light-emitting materials;

(2) Materials and devices of large full-color panel displays;
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(3) Improving the service life of light-emitting devices:
identifying the key factors affecting the service life, and
developing corresponding solutions;

(4) Organic/polymer lasers.
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