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Description of the topic  
 
The importance of reducing energy consumption for the preservation of the environment and 
natural resources is no longer in question. In the field of electrical engineering, one of the 
main challenges for the coming years is to increase power density and efficiency. 
 
To this aim, superconducting materials have particularly interesting properties, with very high 
current densities 300 A/mm2 < J < 3000 A/mm2, the absence of a DC resistance, and a 
diamagnetic behavior. More specifically, the use of superconducting alternators or motors 
allows energy consumption to be reduced by improving efficiency. Moreover, 
superconducting motors or alternators have a reduced size compared to conventional 
solutions. In addition to solving space problems for on-board applications, by example for 
aircraft application, the energy expenditure related to the manufacturing facilities required to 
build the motors is reduced. Overall, this results in the conservation of energy resources. 
 
Research in the field of superconductor applications in electrical engineering began in the mid-
1960s with the study of motors and alternators, and then with current limiters. Nowadays, 
the problem of designing fully superconducting solutions is raised: motor, electrical 
distribution and control. In this context, work has started on the interesting opportunity of 
using the electronic components at low temperature, in order to further decrease losses and 
improve efficiencies. To date, studies on power electronics components at low temperature 
are marginal and few laboratories have yet launched on the subject. The work on the 
properties of semiconductors at low temperature is also scarce, despite the fact that such 
properties need to be properly studied and understood for envisaging low temperature power 
electronics applications.  
 
The aim of the thesis is to study the behavior and the efficiency of electronic components in 
power applications at low temperature, in this case between 20 K and 100 K. There are two 
parts to this study. First, it is necessary to understand and characterize the mechanisms 



 
 
 

involved at low temperature in semiconductors. For this part, an experimental study of the 
materials alone at low temperature must be performed. This part will be followed by the 
experimental and theoretical study of elementary junctions (semiconductor-semiconductor / 
metal-semiconductor) at low temperature. Results obtained for these basic building blocks 
will be used to understand the phenomena involved in the more complex systems 
corresponding to power electronic devices. In parallel to this work, it is necessary to verify 
which components are still functional in this temperature range and to characterize them. 
One of the long-term challenges is to build converters that could be directly integrated into 
low-temperature superconducting applications. 
 
This study will therefore include, in addition to theoretical aspects, an important experimental 
component. To carry out the experimental work, we associate three laboratories. The first 
one, SPIN, located in Liège and led by N. D. Nguyen, is specialized in the characterization of 
the electrical properties of semiconductors and will bring its expertise on materials physics 
and on the design and fabrication of junctions to be tested. The second laboratory, GREEN, is 
located in Nancy and will bring its expertise in electrical engineering, power electronics and 
cryogenics. This expertise will enable cold testing of junctions and conventional electronic 
components as well as the study of power converter structures. The third partner, the 
Electronics Research Group in Liege directed by B. Vanderheyden, will contribute with a 
theoretical analysis relating the low temperature properties of the semiconductor and 
elementary junctions with the electrical behavior of power components in a cryogenic 
environment. The three partners involved are thus perfectly complementary on this subject. 
 
More specifically, the experimental work will involve the following investigations:  
 

1. Fabrication of materials and characterization of the electrical properties of 
semiconducting junctions at low temperatures 

Starting from monocrystalline silicon layers, the first samples to be fabricated will consist in 
basic structures dedicated to the measurement of the electrical transport properties at low 
temperatures, including charge carrier concentrations and mobilities, while the contact 
resistance to evaporated metal electrodes will be determined by transmission line 
measurements. An analysis of the temperature-dependent photo-electrical response will 
complement the study, which will feed the theoretical analysis with materials parameters. In 
the following step, metal-semiconductor junctions as well as pn junctions, manufactured by 
commercial suppliers on silicon substrates, will be characterized both in dc and ac regimes, in 
the perspective of providing key figures for the understanding of the behavior of transistor-
based power devices at low temperatures. 
 

2. electrical behavior of the power electronic components 
 
The theoretical analysis will be conducted in parallel with the experimental work. The 
measured microscopic properties such as the mobility or the carrier densities will be 
integrated in analytical models of power devices, or in numerical simulations of the drift-
diffusion equations, in order to study their influence on the electrical properties of the devices 
(such as I-V curves) and on their efficiencies.  
In parallel, studies will be conducted on complex objects such as power electronics 
components. The electrical properties and losses in the components are an essential point of 



 
 
 

this characterization. In addition, it is essential to determine whether, given the properties of 
the components at low temperature, a converter structure is to be preferred. 
At the end of this project, with these complementary approaches, the Ph.D. candidate should 
have a good understanding of the low temperature transport properties of the semiconductor 
materials used in power devices, and should be in a position to identify the possibilities for 
using power devices in the cryogenic temperatures of superconductor systems. 
 
 
 


