
AIMPRO CONSORTIUM
Ab initio simulation of covalent materials at Exeter, Newcastle & Sussex:

computation with links to industry and experiment.

The consortium carries out modelling studies of covalently bonded materials with a view to supporting experimental and industrial groups. The code

uses a first–principles quantum–mechanical method to explore the structural, chemical, mechanical, electronic, optical and magnetic properties

of complex systems. The complexity of these problems requires the UK HPC massive computational platforms. We present here a

selection of projects that are currently underway.

Diamond materials research

Collaboration with De Beers,
groups in Novosibirsk, Aveiro
and elsewhere resulting in a
better understanding of the in-
fluence of defects on the opti-
cal properties of gem qual-
ity diamonds.

Dislocations in gallium nitride

Joint investigations with
experimental physics at
UMIST carrying out elec-
tron energy loss studies
of extended defects in
group III-nitride semicon-
ductors. These materials
have been singled out as
providing efficient blue
lasers and bright white
light emitters, but
with efficiencies limited by
the presence of extended
defects.

Gallium-core model of a
threading screw dislocation
in wurtzite gallium nitride

Oxygen in silicon

A collaboration with the experimental group at Lund (Swe-
den) into the nature of the thermal donor defect in silicon
has lead to a model of the donor, shown above ( bc- Si, b- O),
which agrees with their experimental results.

Doping gallium nitride

The properties of Be and
other shallow accep-
tors in gallium nitride
is studied in collaboration
with the Helsinki Technical
University. This work has
lead to a reappraisal of the
acceptor efficiency of Be.

Beryllium pair defect at
a gallium atom site in
wurtzite gallium nitride
(Ga; N; Be)

The nuclear power industry - BNFL

One of the most demand-
ing challenges facing the
nuclear industry is the
long term storage of nu-
clear waste. In particular,
graphite which has been ir-
radiated at low tempera-
tures might contain sub-
stantial amounts of energy
which could pose a problem
if released inadvertantly.

First principles modelling of irradiation defects underpin exist-
ing phenomenological models of this ’Wigner energy’ and give
the industry, and its regulators, confidence in handling and
disposing of this graphite safely.

Carbon and hydrogen in silicon

Collaborative work with the Department of Electronics at
UMIST on the properties of hydrogen in silicon and specif-
ically its interaction with carbon has lead to new findings
regarding traps for hydrogen in the material.

Silicon carbide anti-sites

Silicon carbide is being developed as a high temperature
electronics material. An unusual feature is the creation
of defects giving 40 luminescent lines within a 0.1 eV interval
(above) when the material is irradiated. Collaborative work
with Bristol University has lead to a model for these centres
based on an anti-site defect where as silicon atom occupies a
carbon site.

Self-interstitial aggregates in silicon

[110]

[001]

[110]

There is intense interest in the properties of multi-interstitial
centres in silicon formed after ion-implantation. We have
recently succeeded in identifying two such aggregates, one of
which is shown above, giving rise to prominent optical emis-
sions. The work is carried out in association with experimen-
tal groups at King’s College London and Brunel University.

Nanotechnology

The C61 molecule

Fullerenes and nanotubes
feature among the most
exciting new molecules
which have applications
in nanotechnology.
Recent work has high-
lighted the importance of
interstitials in allowing
atomic reconstructions,
important in achieving the
stable icosahedral symme-
try for the fullerenes and in
different chiralities for the
nanotubes.
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Letters, in press.

2. Hydrogen interactions with dislocations in Si, CP Ewels, S Leoni, MI Heggie, P Jemmer, E Hernandez, R Jones and PR Briddon,
Physical Review Letters 84, 690 (2000)

3. Calculations of Electrical Levels of Deep Centers: Application to Au-H and Ag-H Defects in Silicon, A Resende, R Jones, S Öberg
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Latham, R Jones and S Öberg, Physical Review Letters 78, 74 (1997)

7. Theory of threading edge and screw dislocations in GaN, J Elsner, R Jones, PK Sitch, Th Frauenheim, MI Heggie, S Öberg and PR
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Öberg, Chemical Physics Letters 196, 311 (1992)

21. Multiple Charge States of Substitutional Oxygen in Gallium Arsenide, R Jones and S Öberg, Physical Review Letters 69, 136-39,
(1992)

22. Structure and Dynamics of the DX centre in GaAs:Si, R Jones and S Öberg, Physical Review B, Rapid Communication 44, 3407
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