






45° tilted scanning electron micrograph of one of our GaAs-AlGaAs core-shell nanowire 
samples (nanowire average length ≈ 960 nm, diameter ≈ 150 nm, density ≈ 10 NW/µm2). 
 
(b) Sketch of a core-shell NW. The core and shell materials and typical dimensions are 
indicated: inner diameter d ≈ 50nm, outer diameter D ≈ 150nm, shell thickness t ≈ 30 nm. 
 
(c) SEM image (60° tilt) of a typical InAs/GaSb IR sensor, deposited on a SiO2/p-Si substrate. 
 
F. Floris, L. Fornasari, A. Marini, V. Bellani, F. Banfi, S. Roddaro, D. Ercolani, M. Rocci, F. 
Beltram, M. Cecchini, L. Sorba and F. Rossella, Self-Assembled InAs Nanowires as Optical 
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Angle- and energy-resolved specular reflectance measured on the InAs substrate with the 
dispersed Au-rich NPs (a,c) and on the InAs NWs (e,g). Reflectance spectra measured at different 
incident photon angle θ for the Au-rich NPs dispersed on the InAs substrate (b,d) and for the InAs 
NWs (f,h). Transverse electric (TE) and magnetic (TM) light polarizations are indicated by labels.  
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We will study the selective modification of the electrical and optical response of the NWs by means of ion 
implantation. Simulation using numerical using GEANT4 code, with the Livermore low energy package, 
will allow to evaluate the energy deposit and the range the ions on the nanoscale . This code also 
simulates emission of scintillation and fluorescent light following irradiation and could be exploited to 
evaluate the photon spectrum emitted by the NWs.  The selective control of the nanowire properties, by 
modifying either the wire composition or the surface conditions, will allow the development of novel, 
functional elements for next generation semiconductor devices. 
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nanoscintillators to predict the efficiency of the X-ray-induced photodynamic effect, Nanoscale 7, 5744 
(2015).  



Mobility details 
 
 

Experiments at CINT Livermore 
 
Measurements of the photo-conductivity at milli-Kelvin temperatures and high fields, to 
explore the sensors sensitivity and energy band line-up 
 
Experiments at EMFL Grenoble, Nijmegen 
 
 

Study of the electrical response at high field, to get information on energy band profile, I-V 
characteristic with and without illumination 

 
Experiments at LPENS Paris 
 
Determination of the ultrafast electro-optical response of the devices, with radiation in the 
far-IR and THz 
 
Experiments at MagLab Tallahassee 
 
Photoluminescence measurements on the NWS at high field for the study of the emission 
mechanisms 



Normalized magneto-conductance, G(B)/G0 measured at T = 
1.8 K for different biases. Solid lines are fits according to theoretical 
models 







(a) Band structures of the InAs/GaSb DQWs 
calculated using the eight-band k·p method. 





Project Implementation, Budget Breakdown and Final Deliverables 
 
How the project will be implemented (steps) 
- Year 1: NW  fabrication and optical and electrical measurements 
- Year 2: Sensors  and emitters fabrication and optical measurements 
- Year 3: Sensors and emitters electro-optical measurements and test 
  
The project deliverables after the first year (2020) 
  
- Fabrication of core-shell the GaAs-AlAs and InAs GaSb NWs 
- Optical measurements of the nano-wires (NWs) with micro Raman 
   photo-luminescence and reflectance 
- Photoluminescence study of the NWs emission up to 18 Tesla 
- Magneto-transports investigation of the electrical transport mechanisms up to 
  12 Tesla and down to 50 milliKelvin temperatures 
- Simulation of the NWs  optical response using LUMERICAL and effect of implantation  
   using GEANT4 



Budget: Option 1 
 
Project budget breakdown in cost voices for the first year (2020).  2021 and 2022 will be similar 
  

Instrumentation 
25 K€: Micro positioning and optical elements for upgrade of the photo-luminescence setup in 
Pavia, for improving spatial resolution and stability 
  

Consumables 
  

10 K€: Cryogenic liquid for low temperature photo-luminescence (Pavia), electronic and optical 
consumables. Photo-lithography chemicals and epitaxy materials (Pisa). Informatics material 
(l’Aquila) 
  

Mobility 
  

15 K€:  Experiments at CINT , EMFL,  LPENS, MagLab  (see nex slide for the details) 
- Measurements of the photo-conductivity at milli-Kelvin temperatures and high fields, to 
explore the sensors sensitivity and energy band line-up 
- Study of the electrical response at high field, to get information on energy band profile, I-V 
characteristic with and without illumination 
- Determination of the ultrafast electro-optical response of the devices, with radiation in the far-
IR and THz 
- Photoluminescence measurements on the NWS at high field for the study of the emission 
mechanisms  

_______________________ 
50 K€ project total for 2020   (similar in 2021 and 2022) 



Experiments at CINT Livermore 
1 months, 1 scientist: 4 K€ 
Measurements of the photo-conductivity at milli-Kelvin temperatures and high fields, to 
explore the sensors sensitivity and energy band line-up. 
  
Experiments at EMFL Nijmegen 
2 weeks, 2 scientists: 5 K€ 
Study of the electrical response at high field, to get information on energy band profile, I-V 
characteristic with and without illumination.  
  
Experiments at LPENS Paris 
1 month 1 scientist: 3 K€ 
Determination of the ultrafast electro-optical response of the devices, with radiation in the 
far-IR and THz. 
  
Experiments at MagLab Tallahassee 
2 weeks, 1 scientist: 3 K€ 
Photoluminescence measurements on the NWS at high field for the study of the emission 
mechanisms. 


