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Project description (12 lines max):
The electrical conductivity in highly disordered electronic systems, in which transport is governed by
hopping and is subject to strong electronic interactions, exhibits glassy phenomena such as slow relaxation
to equilibrium, memory effects, and aging (an “electron glass”). So far electron glass properties have been
seen only in highly disordered metals or metal-like materials exhibiting hopping transport and having charge
carrier densities larger than n=1020cm-3. No clear signs for memory effects or slow relaxations after a rapid
cool-down have been observed in semiconductors. It has been proposed that an electron glass requires a
hopping system characterized by a large number of charge carriers within a localization length. A standard
semiconductor has a relatively small charge carrier density. Hence, in order to fulfill the above requirement
one would need a relatively high doping degree in order to increase the localization length and very low
temperatures, so that transport in the semiconductor is dominated by hopping conductivity. We plan to
explore the electron glass phenomena in silicon and diamond samples at ultra-low temperatures (down to a
few tens of mK).
Scientific objectives of the project (12 lines max):
Despite decades of research, many aspects of the electron glass are not understood. No statistical or
thermodynamic theory of non-ergodic systems exists and therefore there is no full understanding of any
glasses, less so of the electron glass that may be a special case of a “quantum glass”. The fact that the
effect has not been observed in semiconductors raises a number of questions:
1. Does the electron glass indeed require many electrons in a localization volume?
2. Can single crystal materials be electron glasses?
3. Does the electron-electron interaction energy determine the glass properties such as glass temperature
and characteristic energy of the so called “memory dip”?
We trust that the information gained by exploring the electron glass in doped semiconductors samples will
provide useful information for a deeper understanding of the processes responsible for glassines in low
dimensional electronic systems.
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Technical description of work to be performed (20 lines max):
The first stages of the project will be dedicated to identifying the correct samples. We will measure transport
properties of different degrees of doping of silicon samples in order to identify samples which will have the
correct parameters at our base temperature, i.e. (1) hopping conductivity and (2) more than 10 electrons
per localization volume. A series of doped diamond samples, provided by a group in Institut Néel, will also
be investigated. Owing to its high critical dopant concentration, this system is a good candidate to offer high
numbers of electrons in the localization volume.
Once the correct doping is found we will study the electron glass properties. We will measure the relaxation
to equilibrium following three types of excitations: rapid thermal change, gate voltage and high electric field.
The temperature dependence of the relaxation will be studied in order to identify whether the glass is
“classic” or “quantum” and the measurements will be supplemented by “aging” experiments, i.e. relaxation
following different excitation times.
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