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U Research aims

U  Motivation

U Defectsin Ge

U  Nuclear Hydrogen Production

U  Modelling of Nuclear Materials

U  Modelling of SOFC & SOEC

U  Genetics of Superionic Conductivity

U  Future Perspectives: Anomaly
Detection

U  Summary
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U  Group: Alex Chroneos (Prof.), Stavros-Richard Christopoulos &
Nikos Kelaidis (postdocs) & 4 PhD students,Stratis Kanarachos
(Reader), David Parfitt (SL),

U  Applied modeling :the simulations are used to interpret, guide and
support experimental studies.

U  Techniques: 1) Atomistic modeling (density functional theory,
molecular dynamics) and 2) advanced methods (machine learning,
genetic algorithms etc) 3) Experiment.

U  Range of systems studied (particularly oxides & semiconductors).

U  Technologically important systems. Focus on energy applications
(fuel cell, solar cell & nuclear materials).
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U Ge was abandoned due to the
unstable Ge oxide. Si prevailed.

U  high-k dielectrics eliminated the
need for a stable native oxide.

U Ge, SiGe: higher carrier mobilities
compared to Si.

U Relative compatibility with Si
processes.

u AimS:. To .CaICUI.ate th.e.Sta.bi“ty Ge used in the first transistor
and diffusion of impurities in Ge. (1947, Shockley, Bardeen,

Brattain)
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In Ge two issues:

i

i

Fast donor atom (P, As, Sb) diffusion via vacancies. Problem: cannot
contain dopants in defined regions.

Dopant atom clustering leads to electrical deactivation.

Chroneos et al. Mater. Sci. Semicond. Proc. 9, 640 (2006).

Chroneos et al. J. Aiﬁl. Phis. 106, 063534 i2009i.



Covent try - ;\EI::;F:IRfacturing@

universi Defects in Ge & Materials Engineering

D=P, As, Sb

E-centre: A vacancy paired to an
n-dopant atoms (P, As or Sb).
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U  The diffusion of the different n-type dopants (P, As, Sb)
via the ring mechanism. (a) Neutral DV pairs, (b) singly
negatively DV pairs.

Tahini et al. Appl. Phys. Lett. 99, 072112 (2011).
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Chroneos et al. Appl. Phys. Lett. 91, 192106 (2007); Phys. Rev. B 77, 235208 (2008).
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Isovalent codoping ? Diffusion path of the PV pairs in the
presence of (a) Sn and (b) Hf. On the top of the figures is the
ring mechanism of diffusion for the PV pair in the presence of
Sn and Hf. Migration barriers increase significantly .
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U Vacancies need to be controlled.

U F doping leads to control of the dangling bonds hence the vacancies.
Chroneos et al. J. Appl. Phys. 106, 063707 (2009).




Coventry ;\EI:;R;F&Rfacturing%

university | Defects in Ge & Materials Engineering

)
o
<

—
Q

O
T

1018

107 L

As Concentration (cm?3

‘ -,~\_\ . § 1 01 6 B |
Q) » 50 100 150 200

u nF+mVA FV, Depth (nm)

U Need to control the vacancies?

U Solution: codoping with F as it saturates the dangling bonds.

Impellizzeri, Chroneos et al. J. Appl. Phys. 109, 113527 (2011).
D
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U Si Is important for photovoltaic 15 N /V N
applications. > VO 2:50 > V0,

U  Control of oxygen, carbon and point
defects Is important to improve
properties.
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U Use of DFT in conjunction with
experiment (IR spectroscopy) to
Investigate the formation and
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U Propose defect engineering
strategies involving Sn, Pb and Hf to
control the formation of clusters.
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Chroneos et al. Appl. Phys. Lett. 99, 241901 (2011).
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0  Emissions reduction through carbon
neutral technologies.

U Increasing worldwide energy demand.
U Finite resources of fossil fuels.

U Active research interest on renewables
and nuclear energy.

U  Sustainable production of H? Need
solution for SOFC, batteries, novel
structural materials etc.
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Sustainable, uninterrupted and adequate supply of energy required
In industrialized societies.

The trend is increased energy consumption due to population
growth or due to per capita increase in consumption because of life
style changes.

Need to develop sustainable energy sources such a renewable
energy, nuclear energy and hydrogen production.

Challenges of the hydrogen economy:

Realization of the inexpensive and sustainable production of
hydrogen.

Efficient storage of hydrogen.
Reliability of solid oxide fuel cells.

Safety issues: considering the large scale use and storage of
hydrogen.
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U  Nuclear hydrogen: in essence thermochemical cycles using the heat
from nuclear reactors are utilized to produce hydrogen by H,O splitting
through a solid oxide electrolyte cell (SOEC).
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i Work on irradiation and thermal ageing o

mechanisms in low-alloy steel

structural components. vl

U  Studies performed in collaboration with
Rolls-Royce support lifetime extension
of civil US nuclear power plants.

Collaboration with Westinghouse. toof 010
U  Materials properties using Machine

learning (in collaboration with Purdue s -seee

University).
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