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Recent Developments of Luminescent Materials

XU Jia-Yue
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Luminescent materials, also called phosphors, are generally characterized by the electromagnetic radiation
with energy beyond thermal radiation. That means the luminescence is different from black-body radiation. The
luminescent material usually emits visible light, but ultraviolet (UV) and infrared (IR) light are also included.
Thermo-luminescence is a luminescence but not a cold light which generates light in a non-thermal way. However,
the thermo-luminescence (TL) spectrum is an important way to study luminescent materials. Luminescence can
occur as a result of many different kinds of excitation, which is expressed as photo-, cathode-, electro-, chemi-,
tribo-, X-ray, or sono-luminescence. Luminescent materials have been widely used in solid-state lighting, display,
medical diagnostics, security labeling, energy conversion, detectors, lasers, and amplifiers. Recently, luminescent
materials have been paid much attention due to its huge application demands, especially in the fields of LED
phosphors, quantum dots, perovskite solar cells, and scintillators!" ™.

Phosphors on light emitting diodes (LED) are generally excited by near UV or blue light and consist of an
inert host doping with activator ions, usually transition (3d) or rare earth (4f) metals. The transparent host materi-
als may include silicates, aluminates (garnet), phosphates, and nitrides””\. The fluorescent life and color rendering
index greatly depand on the host materials. Up to now, YAG: Ce’" powders are the most successful phosphors
which are commercially used in semiconductor lighting. The YAG: Ce*" yellowish phosphors are used to convert
monochromatic light from a blue or UV LED to broad-spectrum white lights. However, there are still some draw-
backs for commercial phosphors. Lack of red emission for YAG:Ce’* phosphors may result in poor
color-rendering index, so it is necessary to add some red phosphors, such as Y,0,S:Eu’" and SrY,S,: Eu’". Beside
oxides, nitrides are another kind of luminescent materials due to their advantages of stable structure, suitable dop-
ing and multi-states. The main nitride phosphors include CaSiO,N,: Ce®”, LaSiO,N: Ce’* and AIN: Eu*". Epoxy
resin and organic silicone are common packaging materials for LEDs with YAG:Ce®" phosphors, but heat
performance and aging are trouble problems, especially for high powder LEDs. Compared with YAG:Ce®" phos-
phors, single crystals show good thermal performance and stability which can improve the luminescent effect and
life time of the LED lamps. Furthermore, the combination of transparent crystal and flip chip technology leads a
revolution in LED fields'®. Recently, luminescent glass attracted much attention as potential phosphors replacing
YAG:Ce’" phosphors and several glasses and preparation techniques have been developed ).

Quantum dots (QDs) are nanometer sized semiconductor particles with unique optical and electrical proper-
ties dictated by their size, shape, and the quantum physics that arises at the nano-scale!'’!. Some quantum dots
showed photo-luminescence characteristics. Compared to organic fluorophores, quantum dots can emit photolu-
minescence (PL) with much improved characteristics, including a wider absorption band, longer fluorescence life-
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time, good photostability and spectral tuneability of the PL band etc., making them promising candidates for bio-
medicine, LED, photocatalyst and energy-related applications. In past decades, the QDs of II-VI compounds, such
as CdS, CdTe, and HgSe, have been investigated extensively. Recently, carbon QDs attracted much attention due
to its merits of high luminescent efficiency, chemical stability, dispersibility in water, low photo bleaching, bio-
compatibility, low cost, and low toxicity!'' ™. Carbon dots, including graphene quantum dots (GQDs) and carbon
quantum dots (CDs), are generally quasi spherical nanoparticles consisting of amorphous and crystalline parts.
GQDs can emit high color-purity green, orange and red light for LED application. Hollow Carbon Spheres (HCSs)
were reported as the first examples of three-dimensional multicolor fluorescent nanomaterials based on carbon
dots (CDs). Conclusive evidence and convincing explanation is still absent for the photoluminescence mechanism
and facile synthesis of CDs and GQDs with high quality are still challenges!'?.

Despite photovoltaic (PV) technologies being available for more than half a century, the production of solar
energy remains costly, largely owing to low power conversion efficiencies of solar cells. Each PV material re-
sponds to a narrow range of solar photons and leads the loss of approximately 50% of the incident solar energy in
silicon-based solar cell conversion to electricity. Some spectral converters have been developed for PV applica-
tions, mainly including lanthanide-based upconversion, quantum cutting and down-shifting materials!'>'®!, The
upconversion luminescent materials can transform two (or more) transmitted sub-bandgap photons into photon in
visible light and the maximum efficiency was calculated to be 47.6%. Modified with a downconverting layer on
the front surface, a solar cell can achieve a conversion efficiency of up to 38.6%. So far, Er’ " and Ho " doped up-
conversion materials and Tb**/Yb*" codoped downconversion materials have been applied in crystalline Si solar
cells!®!. Recently, methylammonium lead trihalide perovskites (CH;NH3PbXs, where X is Cl, Br or I) have
emerged as new generation optoelectronic materials duo to high carrier mobility, long carrier diffusion length and
large light absorption coefficient in the UV-Vis range. It was reported that the conversion efficiency of perovskite
solar cells has achieved 20%!"7'"). Because single crystals have no grain boundaries, it is anticipated that
perovskite single-crystal-based devices will have much better optoelectronic performances. There have been a lot
of efforts to grow CH3NH;PbXj single crystals and a crystal up to 2 inches has been grown in China'*®".

Scintillators are one kind of luminescent materials excited by high energy particles and widely used in the
fields of nuclear medicine imaging, high energy physics, safety inspection. Light yield, decay time and density are
the main parameters to characterize scintillation materials and a lot of important scintillation crystals have been
developed in the past decades, such as Csl, BGO, PWO, LaBr;, and Lu,SiOs. Recently, some new scintillation
crystals have been studied for different applications, for example, Srl,:Eu’" crystal is a high performance
scintillator®), Zn0O:Ga®" crystal is super fast scintillator™, BisSi;0y, crystal is a potential scintillator for dual
readout calirometer[23], LigGd(BOs3); and Cs,LiYClg crystals can be used for nutron detecting[24]. Scince Gemstone
scintillator was developed in GE company, tranparent ceramics scintillators become a hot topic. Most research
work was focused on preparation, properties and applications of Re-doped YAG, LuAG, LuO; ceramics. However,
the luminescent mechanism and anti-site defects have not yet been deciphered[zs'%].

In addition, many organic or organic-inorganic luminescent materials have been developed and applied in
OLED, fluorescent labeling, homeland security, and environmental cleaning’®’**. Some materials show
luminescent characteristics due to defects, stress and so on®>%. Up to now, luminescent materials have become a
hot topic through materials research fields as well as interdisciplinary fields. The interdisciplinary character of this
research discipline, which includes different aspects of chemistry, physics, device technology, and materials sci-
ence, will lead to many exciting discoveries, new materials and new applications in future.
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