
  
2020 Doctoral research projects for PhD recruitment  

Institut P’ 
 

Conductive Thermotronics based on Phase Transion Materials: Application to the case of 
VO2 

 
Institute/Department : Pprime/FTC 
Research team : TNR 
Supervisor : YOUNES EZZAHRI 
Co-supervisor : KARL JOULAIN 
Contact for information : younes.ezzahri@univ-poitiers.fr 

      karl.joulain@univ-poitiers.fr 
3-year contract: 1768 € raw monthly salary (to be modified if complementary funding) 
 
Key-words: Phase transition solid materials, Vanadium dioxide, Thermal conductivity, 
Specific heat, Hysteresis, Heat equation, Diode, Transistor, Memristor, Thermal logical 
circuit, Thermal Memory. 
 
Framework and objectives 

Insulator-metal phase transition solid materials (IM-PTSM) constitute ideal candidates to 
make thermal components having similar behaviors to electronic components such as the 
diode, the transistor and the memristor. This research topic has gained enormous interest in 
the last eight years and it constitutes a very promising way in a sense that it could lead to 
making a full information treatment architecture that is purely photonic and contactless or 
purely phononic or a combination of the two processes that one could name “Thermotronics”. 
Our studies of the subject within the TNR team, have matured continuously and significantly. 
Many theoretical concepts of the thermal diode, transistor and memristor in both radiation and 
conduction regimes, have been proposed in the last five years. Until now, our efforts have 
focused mainly on the steady-state radiative regime with few investigations of the conductive 
and dynamical regimes. The goal of these studies involves making of thermal control the 
analogue of what has been done with the electronic control via diodes, transistors and 
memristors. The developed concepts could even have a great application potential in the 
energy and waste heat management domain. Indeed, an IM-PTSM based thermal conductive 
diode represents a good example of a smart thermal insulator in buildings and other sectors as 
well. One of our aims is to eventually conceive thermal logical circuits that would permit 
operating passive control without any use of electronics. 
The physical properties of IM-PTSM undergo drastic variation as functions of temperature 
during the phase transition. Much as the emissivity  and the electrical conductivity , the 
thermal behaviors of the thermal conductivity  and the specific heat Cv manifest a 
characteristic hysteresis loop that constitutes the signature of these materials. 
The two main parameters in the study of the steady-state regime are the thermal conductivity 
and the emissivity. We have particularly exploited the properties of Vanadium Dioxide (VO2) 
that is one of the most interesting IM-PTSM and has been the subject of many research 
studies in the last few years. This material manifests a reversible metal-insulator phase 
transition (MIT) around a critical temperature of TC~68°C. The transition occurs over an 
ultra-short interval of time (few picoseconds). 



  
Work program and means 

The work that will be performed in this thesis will be essentially theoretical and aims at 
making a full study of the conductive thermotronics in both operating aspects; steady-state 
and dynamical (transient). We will look to conceive and then conduct a detailed analysis of 
the behaviors of the three elementary thermal components: the diode, transistor and 
memristor. The study of the thermal transistor will constitute the corner stone of this thesis 
work. We could think of a general parametrical study in such a way to identify all the 
parameters that can allow the best operating performance. Different IM-PTSM could be 
considered with a particular focus on VO2. Furthermore, we could consider various 
configurations in vacuum conditions in order to eliminate any convection effect. 
Nevertheless, depending on the geometry of the configuration, surface radiation might have to 
be included. In addition to the thermal conductivity , the specific heat Cv becomes another 
parameter to consider in the study of the dynamical (transient) regime. 
The key element to perform the study in the dynamical conductive regime consists in solving 
the heat equation within an IM-PTSM of a finite size, particularly during the phase transition 
as a function of temperature. The fact that both  and Cv depend on temperature makes this 
equation intrinsically nonlinear. A great effort will have to be deployed to solve this equation 
both semi-analytically and numerically. Different boundary conditions will be considered in 
order to determine the impact of their variations on the temperature space-time profile within 
the phase transition zone. 
Depending on how the thesis work advances, we could think of the conception of more 
complex structures such as a logical thermal circuit or thermal memory. 
Once it is done, this study will constitute the basis for a potential experimental realization and 
proof of concept of the elementary thermal components of the IM-PTSM based conductive 
thermotronics, particularly using VO2. 

Applicant profile, prerequisites 

Master 2 or equivalent (engineering degree) with very good skills in heat transfer especially 
conduction and radiation, electronics, numerical calculations and coding. 
  


