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Scientific description:   Nanocrystals are semiconductor nanoparticles with tunable optical 
features from UV to THz. They are promissing building block for optolectronics. For the last 5 
years, they have been integrated in the last generation of LCD display. Current technology relies 
on optical pumping. The next challenge will be to demonstrate efficient electrically pumped 
LED. While the proof of concept for Quantum Dot based LED has been done more than 10 years 
ago, they suffer from a key limitation which is their poor light extraction. Total internal reflexion 
makes that 80 % of the generated photons are guided within the substrate instead of being 
extracted. The internship and following PhD aim to tackle this key limitation. 
Current issues partly result from the isotropic emitter which are used integrated. Here we will 
used 2D emitter which present a more directional emission which will ease the light extraction. 
The targeted material will be core-shell nanoplatelets of CdSe/CdS/ZnS and transition metal 
dichalcogenides such as WSSe. In these two materials, the emitted wavelength can be tuned 
thanks to quantum confinement and material alloying. The LED will be built using clean room 
and glove box fabrication to encapsulate the 2D material between an electron and a hole 
transport layer. The transport and the optical properties will then be characterized. 

 
(left) Scheme of a LED structure and (right) picture of an LED built in the team 

 

The second part of the internship will interest to the addition of structure to further extract 
light from these LED. This include µ-lens and grating. At the PhD time scale, some synchrotron 
measurements are also planned which goal will be to reveal the electronic spectrum of the 
optimal material to optimize the charge injection. In practice this internship is quite 
pluridisciplinar with both chemistry, clean room and glove box fabrication and optoelectronic 
characterization. 
 
Techniques/methods in use:     nanocrystal synthesis, clean room fabrication, optoelectronic 
characterization 
Applicant skills:    semiconductor physic, vertical geometry device 
Industrial partnership: Y/N  (specify the company) N 
 
Internship supervisor(s) (name, email, phone, webmail):    Emmanuel Lhuillier-el@insp.upmc.fr 
Internship location:    INSP, 4 place jussieu, 75005 paris 
Possibility for a Doctoral thesis: Yes 


