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LED-pumped luminescent concentrators (LED-LCs) can increase the brightness and the power of LEDs by 
one order of magnitude. They can be as powerful as thermal lamps but with a brightness higher of several 
orders of magnitude. The brightness reflecting the ability to enlighten a precise area at a distance, LED-LC are 
promised to many applications for illumination where classical lamps are not bright enough. 
A LED-LC consists in a luminescent material shaped as a rectangular slab on which many LEDs are 
positioned close ( 100 μm) to the large faces of the concentrator (see figure below). The LED light is absorbed 
by the phosphors embedded into the host matrix of the concentrator. Light is then re-emitted by the phosphors 
inside the material. As the refractive index of the material is higher than the index of the surrounding air, part of 
the light is guided inside the slab by total internal reflections, towards the lateral faces. One small face, where 
brightness is the highest, is then selected as the output face whereas the opposite face is often covered by a 
recycling mirror to improve the efficiency [1,2]. 
LED-LCs represent a new research field and specific materials have never been developed for this purpose. 
Emission in the short-wave infrared (SWIR 1-2 μm) is of special interest as this spectral range matches many 
applications for projection, imaging for industrial processes like wafer inspection or active imaging, whereas 
the SWIR band corresponds to the detection range of efficient InGaAs cameras readily available. 
Nevertheless, SWIR light sources remain rare and most of the broadband sources are strongly limited in 
spectral power density. As LED-pumped luminescent concentrators (LED-LCs) corresponds to an emerging 
field of research, this is a timely and unique opportunity to reveal the strong potential of luminescent 
concentrators to become the brightest incoherent source of the optical spectrum by developing new optical 
materials aimed to provide an efficient emission, especially single crystals, glass ceramics or even polymers.
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Single crystals doped with luminescent ion emitting in the SWIR will be first studied. Ni2+ ion was identified as a 
promising luminescent ion with broad SWIR emission in the range 1.1 μm-1.5 μm accompanied by strong 
absorption in the range 550 nm-650 nm. In adequate crystalline hosts, Ni2+ ion can substitute Mg2+ and Zn2+ 
homovalent cations, or Ga3+, Sc3+, Li+ heterovalent ions by using charge compensating ions. Oxides like 
LaMgAl11O19 will be investigated owing to their suitable structure for Ni2+ substitution and their congruent 
melting behavior allowing an easy crystal growth [3]. As LaMgAl11O19 is member of a hexa-aluminate family of 
compounds encompassing SrAl12O19 for instance, its structural flexibility is a tool to optimize Ni2+ optical 
properties through solid solutions like La1-xSrxMg1-xAl11+xO19. Ni2+ ions are indeed very sensitive to crystal 
field and their optical properties are so material dependant. Other crystalline hosts will be investigated as well, 
like garnets (Y3Al5-xGaxO12, Y3Sc2Al3O12, Ca3Ga2Ge3O12 [4] for instance), melilites (SrLaGa3O7 for 
instance) and tungstates (ZnWO4 [5]). In a systematic way, polycrystalline materials will be first prepared by 
solid state reaction for different Ni2+ doping levels to optimize the preparation method and determine the best 
compositions. In particular, optical properties will be characterized by measuring the temperature dependence 
of fluorescence intensity and decay time as a function of temperature to evaluate the quantum yield of Ni2+ ion. 
Then, single crystals will be prepared for the most promising compositions, either by floating zone method (mm 
size samples) or Czochralski pulling method (cm size samples). Finally, after complete spectroscopic 
characterization (absorption, emission, quantum yield), single crystal samples will be cut and polished to be 
tested as luminescent concentrators in collaboration with Institut d’Optique in Palaiseau. 
In addition, Ni2+ doped transparent glass-ceramics where suitable crystals can incorporate preferentially Ni2+ 
will be prepared and characterized in a similar way as single crystals. Such glass ceramics are prepared by 
controlled crystallization of a parent glass. The work will focus on transparent glass-ceramics where spinel type 
crystals can form as they can easily incorporate transition metal ions [6]. 
Finally PMMA polymer-based materials embedding SWIR emitting dyes or Ag2S dots will be envisaged as they 
can be prepared at low cost. Even if they offer poorer stability than single crystals under high power illumination, 
this restraint is partially relaxed in the case of cascaded concentrator geometry. Such polymers will be 
compared to crystalline hosts regarding their optical loss, emission performances and lifetime.

Principle of LED-pumped luminescent concentrators (top) and 
demonstration of Y3Al5O12:Ce single crystal LED-LC (bottom)


