7th Irish Atomistic Simulators Meeting

Trinity College Dublin
16-17 December 2002

The Annual Meeting of Irish Atomistic Simulators brings

together Research Scientists from Condensed Matter Physics
and Solid State Chemistry Active in Theory and Computation.

The organisers wish to thank Science Foundation Ireland for financial support



cpttrson
        The organisers wish to thank Science Foundation Ireland for financial support


Contents

1 Speakers 4
2 Participants and Emails 5
3 Timetable 7
4 Abstracts 8

4.1 Investigating the disappearance of ferroelectricity in H-bonded crystals
under pressure by ab initio calculations: The cask éf, PO, (KDP)

andDHyPO4 (DKDP) . . . . . o 8
4.2 Monte Carlo and theoretical studies of conformations of dendrimers in
SOlUIONS. . . . . .. e e 9
4.3 Theory of Band Structure of Pentacene Organic Crystals. . . . . 10
4.4 Atomic Scale Modeling of Strontium Titanate Surfaces . . . . . . 11
4.5 Diagonalization Of Model Hamiltonians Using Their Spatial Symme-
try Properties. . . . . . . . .. e 12
4.6 The nature of endohedrally doped fullerenes. . . . . . ... ... 13
4.7 Are there universal laws present when systems “arrest”. . . . . . 14
4.8 A Trotter Type Integrator for Quantum-Classical Non-Adiabatic Dy-
NAMICS . . . . o o e e e 15
4.9 ’Interpreting particle gellation as a glass transition - a Lattice Model
Approach”. . . . . . . . e 16
4.10 How big is an atom? Solution and diffusion of Gain Al . . . . . . 18
4.11 Tight-binding calculations of electron scattering in dilute nitride semi-
CONAUCIOrS . . . . . o o e 19
4.12 Structure and Stability of the Zirconium and Hafnium Pseudo—-Binary
Oxides for HighXK Dielectric Applications . . . . . . . ... .. .. 20
4.13 Electron-hole excitations and optical spectra of
insulators and semiconductors . . . . . .. ... ... 21
4.14 Electron Transport Through Single Molecule Nanowires . . . . . 22
4.15 Role of oxygen in magnetism of transition metal oxides. . . . . . 24
4.16 Non-equilibrium Theory for Absorption and Gain in Quantum Cascade
Lasers. . . . . . e 25

4.17 First-principles study on the structure of the (001) surface-ofil,O3. 26
4.18 Non-equilibrium Green function’s formalism for transport in magnetic
pointcontacts. . . . . . . .. .. 27
4.19 Molecular reorientation of water adsorbed on charged Ag(111) surf&&s
4.20 Building spintronics materials: diluted magnetic semiconductors 29
4.21 Intra—chain pair distribution functions of isolated open, ring and star

homopolymersinsolution. . . . . ... ... ............ 31
4.22 LDA+U method for diluted magnetic semiconductors: implementation

in the localised atomic orbital basis set code SIESTA . . . . . .. 32
4.23 Vibrational Relaxation of;l in liquids and glasses. . . . . . . . .. 34



5 Hotels around TCD, & College & Dublin City Maps

35



1 Speakers

Giuseppe Coliz4.1

Ronan Connollg.2

Clive Harrist.3

Karen Johnstoh4

Nikolaos P. Konstantinidis5
J. Andreas Larss@n6
Aonghus Lawlo4.7

Donal Mac Kernad.8

Gavin McCullagi.9

Scott Monaghah.12

Lisa Mooret.10

Sarah Mooré.11

Svjetlana Galant-Mulaomerovi4.13
Michael Nolar.14

Charles H. Pattersdnl5
Mauro F. Pereira %#.16
Henry Pintet.17

Alexandre Reily Roch&18
Cristian G. $inche#.19
Stefano Sanvit.20

Edward G. Timoshenkb21
Matgorzata Wierzbowslka22
F. S.Zhang.23



2 Participants and Emails

National Microelectronics Research Centre

Jim Greer jgreer@nmrc.ie
Andreas Larssoh6 alarsson@nmrc.ucc.ie
Paul Delaney Paul.Delaney@nmrc.ie
Simon Elliott Simon.Elliott@nmrc.ie
Mick Nolarn4.14 mnolan@nmrc.ucc.ie
Scott Monagha#.12 monaghan@nmrc.ucc.ie
Henry Pintal.17 hpinto@nmrc.ie

Mr. Cheng .

Eoin O'Reilly Eoin.OReilly@nmrc.ie
Mauro Pereird.16 mpereira@nmrc.ucc.ie
Clive Harrist.3 charris@nmrc.ucc.ie
Andy Lindsay andrew.lindsay@nmrc.ie

Queens University Belfast

Ruth Lynden-Bell rilynden-bell@qub.ac.uk
Mike W. Finnis m.finnis@qub.ac.uk
Jorge Kohanoff J.Kohanoff@qub.ac.uk

Cristian Sanchez19 c.sanchez@qub.ac.uk
Feng-Shou Zhary23 f.zhang@qub.ac.uk

Giuseppe Coliz#4.1 g.colizzi@qub.ac.uk
Karen Johnstoh4 karen.johnston@qub.ac.uk
Lisa Mooret.10 l.moore@qub.ac.uk

Simone Selenu
Leandro Liborio

University College Cork

Stephen Fahy s.fahy@ucc.ie
Sarah Moord.11 s.m.moore@mars.ucc.ie
Sorcha Healy sorchabh@eircom.net



University College Dublin

Kenneth Dawson kenneth@fiachra.ucd.ie
Paolo De Gregorio paolo@fiachra.ucd.ie
Aonghus Lawlo4.7 aonghus@fiachra.ucd.ie
Gavin McCullagi4.9 gavin@fiachra.ucd.ie
Edward Timoshenk&.21 Edward.Timoshenko@ucd.ie
Ronan Connollg.2 Ronan.Connolly@ucd.ie
John Cullen John.Cullen@ucd.ie
Nikolaj Georgi nikolaj.georgi@ucd.ie
Giovanni Bellesia Giovanni.Bellesia@ucd.ie

Trinity College Dublin

Charles Pattersdnl5 Charles.Patterson@tcd.ie
Stefano Sanvit$.20 sanvitos@tcd.ie
Malgorzata Wierzbowska22 wierzbom@tcd.ie
Alexandre Reily Roch&18 rochaa@tcd.ie
Donal Mac Kerna#.8 dmack@phy.tcd.ie
Nikolaos P. Konstantinidi&5 npk@phy.tcd.ie
Svjetlana Mulaomerovit. 13 svjetlan@phy.tcd.ie
Graeme W. Watson watsong@tcd.ie

Joanne Fearon



3 Timetable

Short Talks = 15 minutes Presentation + 5 minutes Discussion

Long Talks = 35 minutes Presentation + 5 minutes Discussion

Monday 16 December 2002
Erwin Schrodinger Theatre (Old Physics Building)

14.10-14.50 Edward Timoshenk@l 14.50-15.10 Ronan Conno#y?2

15.10-15.30 Aonghus Lawldr7 15.30-15.50 Gavin McCullagh9
15.50-16.10 Feng-Shou Zhahg3 16.10-16.30 Break
16.30-16.50 Lisa Moork10 16.50-17.10 Giuseppe ColizziL
17.10-17-30 Andreas Larssti® 17.30-17.50 Cristian Sanch&19
17.50-18.10 Bnal Mac Kernaa.8 18.30 Reception

20.00 Dinner

Tuesday 17 December 2002

Basement Theatre: Sami Nasr Institute for Advanced Materials (New Physics Building)

09.10-9.30  Michael Nolah14 09.30-09.50 Scott Monaghér2
09.50-10.10 Clive Harr&3 10.10-10.30 Henry Pintb17
10.30-10.50 Karen Johnstéd 10.50-11.10 Sarah Moofell
11.10-11.30 Break 11.30-11.50 Mauro Peréit®
11.50-12.30 Stefano Sanvit@0 12.30-12.50 Alexandre Reily Rochd8
12.50-14.00 Lunch 14.10-14.30 Malgorzata Wierzbowska
14.30-15.50 Charles Pattergbh5 14.50-15.10 Svjetlana Mulaomer@4il3

15.10-15.30 Nikolaos P. Konstantinidi® 15.30-15.50 Closing Remarks



4 Abstracts

4.1 Investigating the disappearance of ferroelectricity in H-bonded
crystals under pressure by ab initio calculations: The case of
KHyPO, (KDP) and DH,PO, (DKDP)

Giuseppe Colizzspeaker)
Atomistic Simulation Group, School of Mathematics and Physics, Queen’s University
Belfast
Email: g.colizzi@qub.ac.uk

Abstract

A series of recent experiments carried out for several members of the family of
H-bonded ferroelectric materials has shown that the ordered phase disappears when
sufficient pressure is applied. This fact, which is well-known also for perovskite ferro-
electrics, exhibits, nevertheless, two remarkable peculiaritigs [
1.the critical temperature vanishes when the protons are still located off-center, at a
distances = 0.24 from the center of the H-bonds.

2.this distance appears to be universal, in the sense that it does not depend on the
material and the dimensionality of the H-bond network.

For this reason it has been postulatefjtHat this is a property of individual O-H...O
H-bonds, and tentatively ascribed to the zero-point-motion of the O-O vibrations. In
our study of ferroelectricity of{ H, PO, (KDP) andD H, PO, (DKDP) materials by

ab initio calculations we aimed to investigate also at this aspect of the phase transi-
tion. Our calculations, which disregard the quantum nature of nuclei, do not show the
behaviour that seems to emerge from experiments. So, if the interpretations of exper-
imental data is correct, we conclude that this behaviour is intimately connected with
the quantum nature of hydrogen atoms. Calculations in which nuclei are also quantum
mechanically treated are necessary in order to shed light on this aspect of structural
phase transitions in H-bonded materials. Work in this direction is in progress.

References

[1] McMahon, Plitz and Nelmes, Ferroelectrics 108, 277 (1990)



4.2 Monte Carlo and theoretical studies of conformations of den-
drimers in solutions

La,bRonan Connolly(speaker) “Edward G. Timoshenko, arfdYuri A. Kuznetsov
! Theory and Computation Group, Department of Chemistry, University College
Dublin
2 Centre for High Performance Computing Applications, University College Dublin
“ ronan.connolly@ucd.i& http://theory.ucd.ietrconnoll ¢ http://darkstar.ucd.ie/

Abstract

The regular and well-defined structures of dendritically-branched polymers (dendrimers)
provide potential for their application as new advanced materials, superior catglysts|
potential drug delivery vehicleg] amongst other things.

In order to better understand the structures of these polymers, conformations of
isolated dendrimers of G=1-7 generations with D=1-6 spacers were studied under vari-
ous solvent condition8][, by means of a version of the Gaussian self-consistent (GSC)
methodf] and Monte Carlo (MC) simulations in continuous space based on the same
coarse-grained model.

Here, the scaling law for the dendrimer size, the radial density and the degrees of
bond stretching will be analysed. It will also be confirmed that while smaller den-
drimers have a dense core, larger ones develop a hollow domain at intermediate dis-
tances from the core in good solvent. Finally, the unimolecular micelle conformations
of amphiphilic co-dendrimers will be briefly discussed.

Acknowledgements

The authors are grateful to Professors F. Ganazzoli and G. Allegra, Dr. G. Raos, G.
Flanagan, M. O'Brien and C. O’Farrell for relevant discussions and to IRCSET and
Enterprise Ireland for funding.
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[1] G. E. Oosterom, J. N. H. Reek, P. C. J. Kamer and P. W. N. M. van Leeuwen.
Transition metal catalysis using functionalized dendrimérsgew. Chem. Int.
Ed., 40, 1828 (2001).

[2] M. LiuandJ. M. J. Frechet. Designing dendrimers for drug deliveimarmaceut.
Sci. Technol. Today, 393 (1999).

[3] E. G. Timoshenko, Yu. A. Kuznetsov and R. Connolly. Conformations of den-
drimers in dilute solutionJ. Chem. Phys117, 9050 (2002).

[4] E. G. Timoshenko and Yu. A. Kuznetsov Improved Gaussian self-consistent
method - applications to homopolymers with different architectures in dilute so-
lution. J. Chem. Phys117, 5404 (2002).



4.3 Theory of Band Structure of Pentacene Organic Crystals

Clive Harris(speaker)
SFI Photonics Theory Group, N.M.R.C., U.C.C., Cork
Email: charris@nmrc.ie
URL: http://www.nmrc.ie/sfi/
Eoin P. O'Reilly
SFI Photonics Theory Group, N.M.R.C., U.C.C., Cork
URL: http://www.nmrc.ie/sfi/

Abstract

Very high carrier mobilities were reported in ultra pure pentacene crystaspvid-

ing many possible device applications. We carried out a systematic investigation of the
band structure of such crystals using a density functional theory approach (the VASP
simulation package), followed by a much simpler tight-binding (TB) approach. The
calculated band dispersions are consistent with the measured mobility values, with a
relatively large dispersion implying a high carrier mobility at temperatures close to 0
K. We also studied the variation of band width with respect to direction within the crys-
tal structure and found it to be anisotropic, with the maximum band width alongy the
axis and the minimum along theeaxis. Our results suggest that the highest mobility
should be obtained along thedirection, with the lowest mobility in thab plane along
theadirection. This compares with the reported directions of maximum and minimum
mobility being at 30 to theb anda directions respectively.

References

[1] J. H. Scldn, Ch. Kloc, B. BatloggPhys. Rev. B63, 245201
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4.4 Atomic Scale Modeling of Strontium Titanate Surfaces

Karen Johnstospeaker)
Atomistic Simulation Group, Department of Physics, Queen’s University Belfast
Email: karen.johnston@qub.ac.uk
URL: http://titus.phy.qub.ac.uk/group/Karen

Abstract

The atomic structure of the SrTi®001) surface has been investigated usingthii-
tio full-potential linear muffin-tin orbital method (FP-LMTO). There are two possible
terminations of the (1) surface reconstruction: the Ti©and the SrO-termination.
| have calculated the atomic relaxations of both surface terminations. The relative sta-
bilities of the two surfaces have been calculated as a function of the dhi@mical
potential.

A (2x1) reconstruction has been observed by Castéland Erdmaret al. [2]
using scanning tunneling microscopy (STM). Three atomic structure models were pro-
posed. | have used the FP-LMTO method to relax each of these models and calculate
the surface energies as a function of thesTé@emical potential and O partial pressure.

Acknowledgements

I would like to thank my supervisor Tony Paxton and the rest of the ASG for their help
and advice. | would also like to thank DEL and the ASG for financial support.

References

[1] Martin R. Castell. Scanning tunneling microscopy of reconstructions on the
SrTiOs (001) surfaceSurface Scieng®051-13 (2002).

[2] Natasha Erdman, Kenneth R. Poeppelmeier, Mark Asta, Oliver Warschkow, Don-
ald E. Ellis and Laurence D. Marks. The structure and chemistry of the-fich
surface of SrTi@ (001).Nature 419(2002).
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4.5 Diagonalization Of Model Hamiltonians Using Their Spatial
Symmetry Properties

Nikolaos P. Konstantinidis
Department of Physics, Trinity College Dublin
Email: npk@phy.tcd.ie

Abstract

Diagonalization of model Hamiltonians is limited to systems of small sizes due to ex-
ponential growth of the Hilbert space with the size of the system. The maximum size
of systems studied can be increased if the symmetry of the Hamiltonian under the inter-
change of particles is taken into account. In this way, the Hamiltonian matrix is block
factorized in subspaces with the same spatial symmetry. The method is used to study
the Heisenberg model as a “toy” model in spin clusters which have the connectivity of
fullerene molecules. The effect of frustration in the low energy spectrum is examined.
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4.6 The nature of endohedrally doped fullerenes

J. Andreas Larsson speaker
email: alarsson@nmrc.ucc.ie
James C. Greer
National Microelectronics Research Centre and
University College Cork

Abstract

It was postulated and experimentally verified shortly after the discoverygft@at

the hollow carbon cage could encapsulate individual atoms to form the so-called endo-
hedrally doped fullerenes, opening up the possibility to use fullerenes with engineered
properties as building blocks for a range of technical applications. In this report, we
present results on the electronic properties of the group V atoms nitrogen and phospho-
rus encapsulated byg6:

It has been found that when nitrogen or phosphorus is encapsulated wighin C
they retain their 'atomic’ properties. This has been shown experimerifpiyd by
calculationp, 3]. It appears as if these atoms are shielded from their environment by
the Gy cage, in that the endohedral atoms do not form bonds to the cage, there is no
charge transfer between the atom and the fullerene, and the group V atoms maintain
a quartet spin state. The encapsulating €age appears to be little disturbed by the
endohedral dopants. We will show that these group V atoms are suspended in the
centre of the cage due to repulsive interaction with the cage. These properties of the
endohedral species NgEand PG, suggest their use for applications (e.g. quantum
computing) where it is desirable to have isolated quantum systems, with controllable
interactions to their external environment.

References

[1] T. Almeida Murphy, T. Pawlik, A. Weidinger, M. Hohne, R. Alcala, J.M.Spaeth,
Phys. Rev. Let#Z7(1996) 1075.

[2] Chem. Phys. Let826(2000) 567.

[3] J.A. Larsson, J.C. Greer, W. Harneit, and A. Weidinge€hem. Phyl116 7849
(2002).
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4.7 Are there universal laws present when systems “arrest”

Aonghus Lawlot-*<(speakel), Dan Reagah Gavin D. McCullaghk-<, Paolo De
Gregorid, Piero Tartaglid, and Kenneth A. Dawsdr»°
rish Centre for Colloid Science and Bio-materials, Department of Chemistry,
University College Dublin,
2Department of Chemical Engineering, University of Michigan,

3Dipartimento di Fisica, Universitdi Roma “La Sapienza”

@ Email: aonghus@fiachra.ucd,feEmail: kenneth@fiachra.ucd.ie
¢ URL: http://fiachra.ucd.ie/

Abstract

One of the ubiquitous observations of nature is that many systems solidify without
crystallizing. Such processes are termed variously 'gellation’, vitrification, dynamic
arrest, 'solidification’, jamming, ergodic-non-ergodic transition.

We introduce and discuss a new order parameter of dynamic dfrast] study its
behaviour in some examples of simple models of dynamic arrest. We find that, when
the (vanishing) diffusion constant is plotted against the new order parameter ('dynam-
ically accessible volume’) a high degree of universality emerges.

This, along with some connection to 'gellation’ suggest that many varied processes
of solidification (where the system does not crystallize) may in fact be quite 'Universal’
phenomena of nature.

References

[1] Aonghus Lawlor, Dan Reagan, Gavin D. McCullagh, Paolo De Gregorio, Piero
Tartaglia, and Kenneth A. DawsoPhy. Rev. Lett89, 245503, (2002).
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4.8 A Trotter Type Integrator for Quantum-Classical Non-Adiabatic
Dynamics

Doénal Mac Kernargspeaker)
Department of Physics, Trinity College Dublin

Email: dmack@phy.tcd.ie

Giovanni Ciccotti
INFM and Dipartimento di Fisica, Universitdi Roma “La Sapienza”
Raymond Kapral
Chemical Physics Theory Group, Department of Chemistry,
University of Toronto

Abstract

Quantum-classical dynamics describes systems composed of a quantum subsystem
coupled to a classical environment and provides a means to study the dynamics of
many-body systems that are not amenable to investigation using full quantum dynam-
ics. A non-adiabatic description is necessary when the Born-Oppenheimer approxi-
mation breaks down, as is the case for many electron and proton transfer processes in
chemistry and biology.

In the Wigner approach we ugg| the isolated quantum subsystem and bath obey
guantum mechanics and classical mechanics, respectively, but their coupled evolution
is given by quantum-classical equations of motion where a simple Newtonian descrip-
tion of the environmental degrees of freedom no longer exists.

In recent work, we showed that this approach reproduces essentially exact results
for the spin-boson modd][ 3] but the demonstration was limited to short and medium
times. Currently we are developing an integrator based on a Trotter break-up of the
propagator which unlike Dyson equation based integrators is bounded about unity. It
should, therefore, be better suited to generating long time dynamics. In my talk, | will
explain how this propagator is obtained and implemented numerically.

References

[1] R. Kapral and G. Ciccotti). Chem. Physl10, 8919 (1999).
[2] D. Mac Kernan, G. Ciccotti and R. Kaprdl, Chem. Physl16 2346 (2002).
[3] D. Mac Kernan, R. Kapral]. Physics: Condensed Matté4, 9069 (2002). .
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4.9 ’Interpreting particle gellation as a glass transition - a Lattice
Model Approach”

Gavin McCullagh(speaker)
Irish Centre for Colloid Science and Bio-materials, Department of Chemistry,
University College Dublin
Email: gavin@fiachra.ucd.ie
URL: http://ffiachra.ucd.ie

Abstract

Dense colloidal systems with mainly repulsive interactions have, for some time,
been described successfully by glass theory. More recently however, the discovery of
a second glass-type transition driven by extremely short ranged attractive interactions
has greatly fuelled interest in this field[2]. We have proposed that the phenomenon
of particle gellation may be viewed precisely as a glass transition, and used theory
and molecular dynamics to develop this idea. However, research into this area by
simulation is in general problematic, due to the long time-scales involved. We therefore
seek to develop a very simple lattice mode that exhibits such phenomena that can be
studied in detail. The basic model we are using, is a development from the original
work by Mezard & Biroli[3] that displays the repulsive glass transition on a cubic
lattice and gives much useful information aboud]itf We report extensions made to
this model representing short ranged attractions in order to investigate the attractive
glass transition and show some early results from the extended model.

Acknowledgements

The project is funded by COST P1. | also receive funding from Enterprise Ireland.

References

[1] Kenneth A. Dawson. The glass paradigm for colloidal glasses, gels and other
arrested states driven by attractive interactiddstrent Opinion in Colloid &
Interface Scienger, 218 (2002).

[2] Giuseppe Foffi, Gavin D. McCullagh, Aonghus Lawlor, Emanuela Zaccarelli and
Kenneth A. Dawson, Francesco Sciortino and Piero Tartaglia, Davide Pini and
George Stell. Phase equilibria and glass transition in colloidal systems with short-
ranged attractive interactions. Application to protein crystallizafirys. Rev. E
65, 031407 (2002).

[3] Giulio Biroli and Marc Mezard. Lattice Glass Moddkhys. Rev. Lett88 025
501 (2002).
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[4] Kenneth A. Dawson, A. Lawlor, Paolo DeGregorio, Gavin D. McCullagh,
Emanuela Zaccarelli, Giuseppe Foffi and Piero Tartaglia. The nature of the col-
loidal ‘glass’ transitionFaraday Discuss.123 (2002).
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4.10 How big is an atom? Solution and diffusion of Ga in Al

Lisa Moore(speaker)
Atomistic Simulation Group,
Department of Physics, Queen’s University, Belfast
Email: .moore@qub.ac.uk
URL: http://titus.phy.qub.ac.uk/group/Lisa

The addition of gallium to aluminium is known to enhance grain boundary mo-
bility and in high concentrations leads to intergranular embrittlement. Thorisah
[1] performed calculations on 8=11 boundary to study the segregation of Ga at the
boundary. They found that despite Ga being a larger atom than Al, when substituted
in Al, Ga had an atomic volume similar to that of Al and that Ga was attracted to tight
sites at a boundary, where its presence relieved local stress. In the present study we
investigate the effect of the addition of Ga to bulk Al througih initio calculations.
We present results for the heat of solution and mobility of Ga in Al. We compare these
results with those for pure Al in the same configurations and explain our results with
the use of the ‘2-radii’ as derived from pseudopotential theory (See Heine and Weaire)

[2].
Acknowledgements

I would like to thank my supervisor Mike Finnis and the members of ASG for their
support and advice. | would also like to acknowledge DEL for the financial support.

References

[1] D.I. Thomson, V. Heine, M. C. Payne, N. Marzari and M. W. Finnis. Insight into
gallium behaviour in aluminium grain boundaries from calculatiorteri1(113)
boundaryActa. Mater, 48 3623 (2000).

[2] V. Heine and D. Weaire. Pseudopotential theory of cohesion and striilice
State Phys24, 249 (1970).
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4.11 Tight-binding calculations of electron scattering in dilute ni-
tride semiconductors

Sarah Moore

Physics Department and NMRC
University College Cork

Abstract

We will show how the tight-binding matrix elements can be altered in the vicinity of

a nitrogen substitutional defect in GaAs to reproduce the appropriate scattering cross-
section for electrons near the conduction band edge. The approach used in reproducing
the scattering cross-section is analogous to the atomic pseudo-potential approach used
in first-principles, plane-wave calculations. We investigate two schemes for fitting the
scattering obtained in a two-level model of the conduction band interaction with the
defect, which has been devised to fit the experimental variation of the band-gap with
nitrogen composition, and find that varying the matrix elements on the first-shell Ga
atoms is more effective than varying the Ga-N matrix elements or the N on-site ener-
gies.
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4.12 Structure and Stability of the Zirconium and Hafnium Pseudo—
Binary Oxides for High—K Dielectric Applications

Scott Monaghaitspeaker)
Email: monaghan@nmrc.ucc.ie
Simon Elliott
Email: selliott@nmrc.ucc.ie
Jim Greer
Email: jgreer@nmrc.ucc.ie
NMRC, University College Cork
URL: http://www.nmrc.ucc.ie/research/computational-modelling-group/

Abstract

As electronic devices progressively improve in performance, increase in functionality,
and decrease in size, research and development in the semiconductor device industry
is expected to advance in accord with Moore’s law. However, the silicon dioxide gate
insulator—a crucial component of the most fundamental active device of all circuitry:
the Metal-Oxide—Semiconductor Field Effect Transistor (MOSFET), is approaching
obsolescence as the gate oxide dielectric.

This work looks at the zirconium and hafnium pseudo—binary oxides as possible re-
placement gate dielectric materials, and investigates through first principles methods,
their structure, composition and thermodynamic stability. Very little is currently known
about these materials, but they are reported to be good candidates as replacement gate
oxides because of their predicted thermodynamic stability in contact with silicon and
the gate electrode of a MOSFET.

Simulations in this work show for the first time that all of these silicate solid solutions
(except zircon and hafnon) are thermodynamically unstable, which in many cases re-
sults in micro-scale phase segregation.

Phase segregation severely degrades the electrical properties of a dielectric material,

and if confirmed by experiment, these silicates—with the exception of zircon and
hafnon, will be unsuitable for use as gate dielectrics in MOSFET applications.

20



4.13 Electron-hole excitations and optical spectra of
insulators and semiconductors

Svjetlana Galant-Mulaomerovt (speaker)
Department of Physics, Trinity College Dublin
Email: svjetlan@phy.tcd.ie
URL: http://www.tcd.ie/Physics
Charles H. Patterson Department of Physics, Trinity College Dublin
Email: Charles.Patterson@tcd.ie
URL: http://www.tcd.ie/Physics

Abstract

The influence of the electron-hole interaction on the dielectric and optical properties
has been known at least for about twenty yedls However, computational limits

had not allowed a complete investigation of that interaction until the present time. The
electron-hole attraction leads to bound states (excitons) below the band gap and the
effect is especially important in wide gap insulators. We investigate these effects within
many-body perturbation theory which leads the to Bethe-Salpeter equation.

The dielectric function and energy loss function of condensed argon are calculated by
solving the Bethe-Salpeter equation using a method similar to that reported by Rohlfing
and Louie P], and by conventional RPA technique. It has been shown that inclusion
of electron-hole attraction is crucial for an adequate comparison of the theoretical and
experimental optical spectra.

References

[1] W. Hanke, L. J. ShanPhys. Rev. Let?3, 387 (1979).
[2] M. Rohlfing and S. G. Louie?hys. Rev. B2, 4927 (2000).
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4.14 Electron Transport Through Single Molecule Nanowires

Michael Nolan(speaker)
Computational Modeling Group, NMRC, Cork
Email: michael.nolan@nmrc.ie
URL: http://www.nmrc.ie
Paul Delaney
Computational Modeling Group, NMRC, Cork
Email: paul.delaney@nmrc.ie
Jim Greer Computational Modeling Group, NMRC, Cork
Email: jim.greer@nmrc.ie

Abstract

The Study of molecular as active components of nanoelectronic devices is growing
all the time. Experimental work has stimulated the development of rectifiers, wires,
transistors and memory elements 2, 3]. There still remains much that is unknown
about the bonding of molecules to metal contacts, the mechanisms of electron transport
and the techniques needed to fabricate truly single molecule devicess| 7].

In this work we consider as metal-molecule-metal assembly resulting from the interac-
tion of thiol molecules, e.g benzenedithiol, with 13 atom gold nanoclusters:

Auy3 — Molecule — Au;3. Benzenedithiol has been the prototypical molecule in ex-
perimental and theoretical studies of molecular electronic devic&}.[The effect of

an applied electric field is the main consideration of this work. We demonstrate how the
electronic structure is modified and how some molecular orbitals polarise much faster
than other orbitals. The results obtained are rationalised in terms of a simple model,
which explains very well the behaviour seen in the DFT calculations.

Acknowledgements

The EU 5th framework project NANOTCAD is thanked for financial support.

References

[1] M. A.Reed, C. Zhou, C. J. Muller, T. P. Burgin and J. M. Tdbejence278, 252
(1997).

[2] F. R. F. Fan, J. P. Yang, L. T. Cai, D. W. Price, S. M. Dirk, D. V. Kosynkin,
Y. X. Yao, A. M. Rawlett, J. M. Tour and A. J. Bard, Am. Chem. Socl24,
5550 (2002).

[3] C.Zhou, M. R. Deshpande, M. A. Reed, L. Jones and J. M. Fquu, Phys. Letf.
51,611 (1997).

[4] J. A. Larsson, M. Nolan and J. C. GreérPhys. Chem106B, 5931 (2002).

22



[5] J. G. Kushmerick, D. B. Holt, J. C. Yang, J. Naciri, M. H. Moore, R. Shashidhar,
Phys. Rev. Lett89, 086802 (2002)

[6] M. Paulsson, F. Zhadid and S. DattResistance of a Molecyleconda-
mat/0208183 (2002)

[7] M. A. Ratner and A. Aviram edsMolecular Electronics. Science and Technol-
ogy, New York Academy of Sciences (1998)

23



4.15 Role of oxygen in magnetism of transition metal oxides
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Abstract

Many models for transition metal oxides focus on the metal ions and implicitly as-
sume that oxygen ions play a passive role in the magnetism, by mediating interactions
between spins on adjacent sites (superexchange), for example. Rle@gitio calcula-
tions by our group on manganites and on vanaddfeshow that in some oxides, some
oxygen ions have fluctuating magnetic moments that cannot be neglected in models of
the magnetism. These particular ions mediate very strong ferromagnetic coupling of
adjacent metal spins. These observations help to explain (i) why the double exchange
Hamiltonian fails to describe magnetism in manganites and (ii) the magnetic structures
observed in the series |a ,)Ca,MnOs; by neutron scattering.
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4.16 Non-equilibrium Theory for Absorption and Gain in Quan-
tum Cascade Lasers
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Abstract

Quantum Cascade Lasers open a fascinating door for manipulations of a man-made
material system for infra red device applicatiofis] Only electronic sub bands are in-
volved and consequently, the usual quasi-equilibrium approximations used for electron-
hole transitions can not be applied, i.e. non equilibrium distributions must be used to
describe gain operation consistently. Here we use Keldysh Non Equilibrium Greens
Functions and calculate numerically both gain and absorption in structures that, un-
der an applied voltage can operate as quantum cascade lasers. Wannier or Wannier-
Stark states,J] are used to expand the relevant Green'’s functions and the interplay
between different many particle corrections is illustrated through numerical solutions
of our equations, using techniques that extend previous methods successfully used for
absorption and gain of conventional semiconductor laggrs)jchange and Depolar-
ization contributions are considered in the numerics and the general theory developed
supports high order Coulomb scattering beyond the Screened Hartree Fock level. The
theory can be used to study and predict new transport and optical properties of QCL
structures and as the starting point for realistic device simulation and design.
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4.17 First-principles study on the structure of the (001) surface of
Y — Al203.
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Abstract

The controlled growth of alumina films by atomic layer deposition (ALD) is of great
interest to the electronics industry, as high-k dielectrics are being sought for the next-
generation MOSFETS]]. Many aspects of the surface structure and reactivity of
alumina are still unknown, but are amenable to computation. We present a theoretical
study of the alumina polymorpty — Al,O3. The calculations are based on density
functional theory (DFT). In order to predict the bulk crystal structurey ef Al»Os3,

we have compared the total energies of 17 non-equivalent possible structures of a 40
atom cell, derived from the perfect spinel by replacing the Mg by Al and removing
Al. The lowest energy structure has widely separated Al-vacancy sites, in agreement
with previous works 2]. The second part of this work deals with alumina surfaces.
For v — Al>,O3, we estimated the energy of several relaxed surfaces, namely (001),
(111) and (110). The atomic and electronic structure of the most stable (001) surface
is discussed.
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4.18 Non-equilibrium Green function’s formalism for transport in
magnetic point contacts
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Abstract

The importance of understanding the behavior metallic nanowires (NW) lies on their
potential use for technological applications of nanoscaled devices. In particular, we
focus our attention on studying the transport properties of magnetic point contacts, in
which the current is spin polarized. These systems present a strong non-linearity in the
current-voltage profilelt V) which remains unexplained]|

In this talk we describe the transport in a magnetic point contact using a non-equilibrium
Green function formalism (NEGF2] with a tight-binding Hamiltonian3], which ac-
counts for charging effects in the nanowire. We specifically apply this method to Ni
point contacts, for which experimental data are available Qur model system con-

sists of two charge reservoirs formed by a simple cubic semi-infinite arrangement of
Ni atoms and of a three-atom-long NW. Each Ni atom is described as a 2-level system
(plus spin) withs andd orbitals, and the occupation is fitted self consistently to that of
bulk fcc Ni.

When the system is under bias our results show that the asymmetry of the coupling of
the nanowire with the electron reservoirs causing charge accumulation in the NW. This
results in asymmetric I-V curves, which become more symmetric when the temperature
is increased.
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4.19 Molecular reorientation of water adsorbed on charged Ag(111)
surfaces

Cristian G. @anchezspeaker)
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URL: http://titus.phy.qub.ac.uk/group/Cristian

Abstract

Double layer modelling plays a fundamental role in theoretical electro-chemistry since
an accurate knowledge of the double layer is needed in any attempt to describe other
electrochemical phenomena such as charge transfer processes. The work described in
this talk represents a first step toward the fully ab-initio description of the charged elec-
trochemical interface. We have studied the adsorption of a water molecule on charged
Ag(111) surfaces using a method recently developed in our grijuf fie orientation
relative to the surface for different surface charge densities was obtained. The results
agree with experimental findings that water orientation in the electrochemical interface
changes from oxygen-up to oxygen-down on going from negative to positive charges.
The critical surface charge needed for full orientation with the field has been found to
be around 15.C cmi 2. These results provide new information about the role of the
water-metal interaction in determining the properties of the inner layer.
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4.20 Building spintronics materials: diluted magnetic semiconduc-
tors
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Abstract

Diluted magnetic semiconductors (DMS) are obtained by doping ordinary semicon-
ductors with transition metals. This is usually achieved under non-equilibrium con-
ditions, in order to overcome the low solubility limit of transition metals in semicon-
ductors. However, despite the low concentration of transition metal achievable (up to
~10%), ferromagnetism is detected with Curie temperatlirgdf the order of 100 K
for (Ga,Mn)As. This is usually understood in term of Zener model, where the Mn spins
are coupled via itinerant holes.

In this talk | will present a theoretical study of the structural, magnetic and transport
properties of two important DMS: (Ga,Mn)As and (Ga,MnJl{. [In (Ga,Mn)As there
is a strong hybridization of the Md-states at the top of the valence band of GaAs,
and density functional theory in the local spin density approximation provides a good
description of the ground state. Moreover it is also appropriate to describe several key
features as 1) the solubility limit of Mn in GaAg]| 2) the role of intrinsic defects3],
and 3) the effect of electron confinemedl. [

In contrast the Mrd states lie at mid-gap in GaN and they only weakly hybridize with
either the valence or conduction band. In this case the local density approximation
fails to describe the localized character of thehells and the exchange coupling is
largely overestimated. | will then present some preliminary results obtained with a
self-interaction correction scheme to the local density approximation. This reveals
orbital ordering for a single Mn impurity in GaN, and an almost un-splitted valence
band. This does not support an itinerant model of ferromagnetism, since no holes are
left in the valence band.
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4.21 Intra—chain pair distribution functions of isolated open, ring
and star homopolymers in solution

Edward G. Timoshenk(peaker)
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Abstract

Results of Monte Carlo studyl] of the monomer—monomer radial distribution func-
tions, static structure factor and asphericity characteristics of a single homo-polymer
in the coil and globular states will be presented for three distinct architectures of the
chain: ring, open and star. In the repulsive regime, where a stretched exponential times
a power law form (de Cloizeaux scaling]] can be applied, the scaling exponetits
andf have been obtained. These are found to be in a good agreement with the theoret-
ical prediction from the recent improved higher—order Borel-resummed normalization
group calculationsg, 4].
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4.22 LDA+U method for diluted magnetic semiconductors: imple-
mentation in the localised atomic orbital basis set code SIESTA
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Abstract

One of the most popular methods of computational condensed matter is the density
functional theory (DFT), within its local density (LDA) or gradient corrected (GGA)
flavour. Although its usefulness is unquestionable, some failures appears whenever
strongly correlated system are studied. This is the case of the partially filled d-shells of
transition metals or the f-shells of rare earths, which are strongly localised. In these sit-
uations an additional term needs to be added to the standard LDA exchange-correlation
potential, namely an on-site repulsive Coulomb interactioacting on the aforemen-
tioned bands. The method, known as LDA+], [is successful in properly describing
the band picture of Mott-Hubbard insulators and of the magnetic phase of intermetal-
lic compounds. Despite its success, the determination of 'magic’ paraniéters
J is not straightforward and it may employ machineries from computational quantum
chemistry. While leaving the ab-initio determination of theparameter for a later
time, we start our work by implementing the LDA+U method into the fast order-N
DFT code SIESTAZ2]. The systems we want to study are wide-gap diluted magnetic
semiconductors3]. These are ordinary Ill-V wide gap materials with embedded mag-
netic impurities, which form a long-range ferromagnetic order with remarkably high
Curie temperatures. These materials, which preserves both semiconducting and mag-
netic properties are very promising for future magneto-opto and electronic devices.
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4.23 Vibrational Relaxation of I3 in liquids and glasses
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Abstract

Vibrational dephasing rately/Ty,1/75,1/T5 of |5 in xenon, ethanol, and methylte-
trahydrofuran solutions at temperatures ranging from room temperature to 100 K are
studied using equilibrium molecular dynamics simulations. The triiodide ion is de-
scribed by a valence bond model which responds to the field of the classical solvent
molecules. One finds the pure vibrational dephasing rate decreases slowly as the tem-
perature is lowered and does not show a discontinuity when the fluid solidifies in agree-
ment with experiment. To interpret the results, a perturbation theory expression for the
pure vibrational dephasing rate is evaluated for simulation of a rigid model of the ion
and found to agree well with the direct observations. It shows that, unusually, both the
solvent force and the solvent potential curvature, contribute to the pure dephasing of
the symmetric mode. The correlation time is very short, insensitive to the mobility of
surroundings, which may explain the results.
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5 Hotels around TCD, & College & Dublin City Maps

College and Dublin City Maps are available from the web at
http://www.tcd.ie/Maps/

Leeson Bridge House (Guest House)
1 Upper Leeson Street, Dublin 4.
Tel: +353-1-660-4323

Fax: +353-1-668-1444
www.leesonbridgehouse.ie/

euro 80.00 per night

Jury’s Christchurch Inn (*** Hotel)

Tel: +353-1-454 0000

Fax: +353-1-454 0012

www.jurysdoyle.com/ireland/jury’shristchurch.htm

0.75 miles from Trinity College beside Christchurch cathedral and Dublin castle
euro 96.00 per night

Merrion Square Manor (Guest House) 31 Merrion Square North, Dublin 2.
Tel: +353-1-662-8551

Fax: +353-1-662-8556
www.dublinreservations.com/hotels/threestar/merrionsquarenteret.html
18 Bedrooms en suite, Located 5 mins stroll from the city centre.

Per single letting euro 63.49 - 76.18

Stauntons on the Green

83 St. Stephen’s Green, Dublin 2.
Dublin 2

Tel: +353-1-478-2300

Fax: +353-1-478-2263

indigo.ie/ hotels/staunt.htm

Per single letting - 87.61 - 95.23 Euro
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Trinity Lodge

12 South Frederick Street

Dublin 2

Tel: +353-1-679-5044

Fax: +353-1-679-5223
www.webtourist.net/ireland/dublin/188279.html

10 Bedrooms en suite, A traditional Georgian townhouse.
Per single letting - 82.53 - 158.72 Euro
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