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Abstract 

 

Transition metal dichalcogenides such as MoS2 have a large complex refractive index 

in the visible and NIR which can lead to strong light-matter interaction. A single layer 

of MoS2 for example can exhibit an optical path length which is an order of magnitude 

longer than its physical thickness1. This can be used to create micro-optical elements 

such as lenses and diffraction gratings in from atomically thin layers2.  

     Electrical tuning of the complex refractive index in these thin layers would lead to 

active devices. 2D TMDs have been shown to have a large field effect tuning of 

refractive index close to the exciton resonances3. The change of refractive index is 

unprecedented and over 50 times larger than what can be achieved in conventional 

electro-optic systems using quantum wells.  

We are interested in combining strong absorption in deeply subwavelength complex 

refractive index films with active control using field effect tuning in TMDs and/or 

charge accumulation in transparent conducting oxides (TCO). The goal is to create low 

energy surface normal amplitude and phase modulators which could be used as pixels 

of new functional devices, such as modulators, beam steering arrays, tuneable filters, 

and thermal radiation control. The deeply subwavelength nature of the devices would 

allow for extremely fast switching and low energy devices. 

 

 
Figure 1: (a) Optical micrograph of top contacted CVD MoS2 on 300nm SiO2 with 

highly p doped Silicon substrate as back gate (b) Differential refection image with 

10Vpp bipolar square wave applied.  

 

References:  

[1] ACS Photonics 2017, 4 (12), 3130-3139.  

[2] Light Sci Appl. 2016;5(3):e16046  

[3] Nano Lett. ,17, 3613 (2017) 

 

Martes, 7 de Marzo de 2023  
Aula IV (Ed. Trilingüe) @ 12:00h 

 

                                                       
 

DEPARTAMENTO DE FÍSICA FUNDAMENTAL 

    

 

Structural Instabilities and Superconductivity 

 

Dr. Sergio Renosto 

                  Departamento de Física de Materiais, Universidade de São Paulo – Brasil 
Grupo de Nanotecnoogía- USAL-NANOLAB, Departamento de Física Fundamental, Universidad de Salamanca 

 

 

More than 24,000 inorganic compounds are known. Of these compounds approximately 

16,000 are binary or pseudobinary while about 8,000 are ternary or pseudo-ternary. 

Certainly, it is surprising that in many of them the physical properties have never been 

explored. In the studied compounds the observation of strong correlated states from 

magnetic ordering or superconductivity is a rare phenomenon. Evidences have shown that 

phase transitions can be supported by instabilities, incipient or arising from structural 

transformation. Specifically, for superconductors the BCS theory, with Eliashberg 

microscope ingredients, has been successful to explaining the structural dependence. In 

point of fact, electronic order is very sensible to lattice and fluctuation on phonon 

spectrum. For example, normal diborides ZrB2 and HfB2 exhibit Pauli paramagnetic at 

low temperatures. However, the partial substitution in M1-xVxB2 (M = Zr and Hf) 

generates distortions in the crystal lattice with dramatic changes in density of state and 

phonon structure, able of inducing bulk superconducting. In this intriguing scenario, our 

discussion deals about of synthesis and characterization of unexplored set of 

superconductors compounds. 
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