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Scientific description: Nanocrystals are semiconductor nanoparticles with tunable optical features 
from UV to THz. They have become key building block of optoelectronics with their integration as light 
source in display. The INSP team is working on narrow band gap nanocrystals and their application 
for infrared optoelectronics. Here we use to work with HgTe nanocrystals presenting absorption in 
the 1-5 µm range. Such nanocrystals offer an interesting alternative to epitaxially grown 
semiconductor to design infrared sensor. Several geometries of device (photoconductor, 
phototransistor and diode) have been explored. Among them the diode geometry offers the best 
current modulation and is generally obtained from a vertical stack of layer that are forming a pn 
junction. Nonetheless this geometry is associated with a high capacitance and thus moderate time 
response. Here we aim to explore planar pn junction. In a previous work, we have demonstrated that 
it can be obtained from a dual gated device, see figure. A gate is used to induce a n region, while the 
second generates a p region and the obtained in-built field enhances the charge dissociation. 

 
scheme of a typically targeted device 

 
Now, we aim to design a second generation of device 
where the gate will be replaced by a ferroelectric 
material, which inherent polarization will replace the 
gate bias. In a first step, we will use oxide ferroelectric 
such as BaTiO3 or PZT. In a second step we will use 
ferroelectric 2D material, to obtain local polarization.  

Then, this diode will be coupled to light resonator to obtain light trapping and enhance light 
absorption. At PHD time scale, the student may also be involved in synchrotron measurements to 
characterize the material electronic structure. The project is part of an ANR project starting at spring 
2022 in collaboration with C2N and IPCMS and a PhD funding is already obtained 
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Techniques/methods in use: nanocrystal synthesis, clean room processing, electronic 
transport, optoelectronic device characterization 
 

Applicant skills: physic of semiconductor. English speaking 
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Internship location:    Institute for nanoscience of Paris (INSP), 4 place jussieu, 75005 Paris 
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