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Design, fabrication and measurement of two-dimensional electron/hole gases 
 
      Electrons, or holes, when confined in a thin region in a material, for example at the 
interface between a narrow and large band-gap semiconductor material (e.g. at the boundary 
between GaAs and AlGaAs), will form a two-dimensional electron gas. Under a suitable 
choice of magnetic field, the two-dimensional electron gas can exist in what is known as a 
“quantum Hall state”, where electric current is carried only along the edge of the sample, by 
so-called edge-states, and the rest of the 2D sample is insulating (this can be understood 
simply by imagining that the electrons in the middle of the sample, under the action of the 
applied magnetic field, rotate in closed orbits, and only the electrons that bump along the edge 
can contribute to current flow). However, in a certain class of materials, known as 
“topological insulators”, a new quantum state has been observed, called a “quantum spin Hall 
state”. Here, current flow is still only carried by edge states, but this occurs without an applied 
magnetic field, and these edge states can be split into independent, counter-propagating, spin-
polarised edge states. [see e.g. Physics Today, 63 33 (2010) for a recent review]. One of the 
main challenges is to understand fully the link between thin-film growth conditions, material 
quality (such as the unintentional and intentional dopant concentrations, or the surface 
roughness), and the electron transport. 
 
       This project consists of the modelling, fabrication and measurement of two-dimensional 
electron/hole gas structures, both in the better understood GaAs/AlGaAs material system and 
time-permitting, on the more complex topological insulator Bi2Se3 material system. A large 
element of the project will involve working in a clean-room to develop new device designs. 
Low-temperature magneto-transport measurements will then be carried out to observe the 
quantum Hall effect, and to investigate the effect of doping and surface roughness on the 
electron transport in the two material systems. 
 
Techniques used: Clean-room micro-fabrication techniques, molecular-beam epitaxy of thin 
films, ultra-high and high vacumm techniques, atomic force microscopy, low-temperature 
magneto-transport, simple computational modelling  
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