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coordinates which satisfy the Eckart’s conditions at non-
stationary points of the PES [2]. Finally, the applicability of
the Watson Hamiltonian for the description of non-linear
molecules (near linearity) has always been questioned, since
the Jacobian of the transformation that leads to the Watson
Hamiltonian vanishes at the linear configuration. This results
in singular behaviour of the Watson Hamiltonian, giving
rise to serious numerical problems in the computation of
vibrational spectra. In Ref. [3], we analysed the problem
and proposed a simple solution. In solids [4], we studied the
structural effects produced by the quantization of vibrational
degrees of freedom in periodic crystals at zero temperatiie,
Tothisend we introduced a methodology based onmapping
a suitable subspace of the vibrational manifold and solving
the Schrédinger equation in it. A number of increasingly
accurate approximations ranging from the quasiharmonic
approximation QHA to the vibrational self-consistent field
VSCF method and the exact solution were studied. These
methods were applied to study a linear H-F chain,
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Momentum resolved electron-phonon interaction
within the KKR formalism

“Sergly Mankovsky, Jan Minar, Hubert Ebert
University Munich, Chem/Phys Chem., Munich, Germany

The momentum resolved Eliaschberg function a*F(w, k)
was used to obtain corresponding momentum resolved
self-energy X, for the electron-phonon interaction. An
expression for the calculation of the Eliaschberg function
a’F(w, k) was obtained within the KKR Green’s function
formalism. All underlying calculations of the electron-
phonon matrix elements as well as of the phonon energies
are based on ab initio electronic structure calculations
performed using the fully relativistic spin-polarized KKR
band structure method. Applications have been done
both for non-magnetic as well as for magnetic systems.
Relativistic effects in the electron-phonon interaction have
been analyzed. Theoretical results for Pb and Ni transition
metals are compared with the experimental data.

Soft-mode behaviour of phonons in the CDW systems
NbSe, and TiSe,
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We investigated the soft-mode behaviour of phonons in
the Charge Density Wave (CDW) systems NbSe, and TiSe,
both theoretically in density functional theory (DFT) based
on ab initio phonon calculations and experimentally by
means of high resolution Inelastic X-ray Scattering (IXS). For
both materials, the theoretical predictions for the phonon
softening using the experimental lattice parameters
coincide with the experimentally observed CDW instability
behaviour: qualitatively for NbSe,, quantitatively in TiSe,,
While TiSe, shows a rather sharp phonon anomaly at
T=190K, the anomaly in NbSe, at 7=33K is much broader
than expected for a Fermi surface nesting driven CDW
instability. Due to van der Waals bonding between the Se/Nb
(Ti)/Se sandwiches the LDA and GGA approximations of the
exchange-correlation potential lead to very different results
for the equilibrium distance between these sandwiches. In
all DFT calculations both NbSe, and TiSe, are described as
metals where the Fermi surfaces are contributed by different
electronic energy bands which may “dive” beneath the Fermi
surface for a slight change of the geometry. For NbSe,, we
exclude Fermi surface nesting as main origin of the phonon
softening. Contributions due to energy states more far
apart from the Fermi surface seem to play a substantial role.
For TiSe,, there is no need to go beyond DFT in order to
describe the phonon softening.

First-principles study of lattice vibrations in perfect

and defect kesterite-type Cu,ZnSnSe, crystals

*Narjes Mortazavi Amiri, Andrei Postnikov
Paul Verlaine University Metz — Institut of Chimie, Physic and Materials,
Laboratoire de Physique des Milieux Denses, Metz, France

We study, by applying the SIESTA method and the
functional theory, the electronic properties arnd |
vibrations in kesterite-type Cu,ZnSnSe, (CZTSe), i ril:
novelimportant material for photovoltaic application
one side, the present analysis makes reference i
studies of structurally close chalcopyrite-type Culit
one of so far most promising materials for thin-fil
cells, whose applications are however hindered |
rarity of indium. From the other side, a role of ¢
defects and non-stoichiometry in CZTSe malkis i
the present study.

The interest for phonons is explained by gl
of vibration frequencies to local elastic sivaln:
presence of defects, which makes vibratii
a potentially important tool for the «l
materials. However, the spectra of mulling
complicated and may profit from first-princj
for their unambiguous deciphering, We ajip
to project phonon eigenvectors calciilat
in order to identify genuine zone e
corresponding to silent Raman muades |
become observable in CZT5e due o il
finally the defect-induced modes,

The phonon spectrum of kesterliz
the context of the percolation mail
in mixed semiconductors. Netals
kesterite is such that ~ looking ai ¢at
by Se anions - the Cu-sublattics i«
and Zn are distant "impurities” Tha i
impurities may have a wwolold e
violation of the octel rule aiv oy
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the abovementioned connectivity. Such effects will be
discussed, on the basis of density-functional calculations
done for different supercells,
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Figure 1: Zone-center vibration density of states (normalized per atom)
in (IS and (STSe.

Vibration modes in the “Ni,” molecular magnet

*Andrei Postnikov (1), Jiirgen Schnack (2}, Stefan Leiding (2)
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Matériauy, Metz, France; (2) Bielefeld University, Department of Physics, Germany

Ni, a shorthand notation
H;ENI(HZO)3}4]-14 H.O moleculafo:nathe [Mouom‘(“z—OH)w
K gnet synthesized and

characterized by Muiller et al, (1] (note the usage of the Nj
notation for some different molecular magnets), contain;l
four Ni ions at the edges of slightly distorted tetrahedron
cgnnected by long (about 6.74) exchange paths:
Nl—O—Moz—O—Ni. The magnetization curve of this substance
is gnusual and impossible to explain within the standard
Helsenberg model or its traditional extensions, without
implying variations of exchange parameters with magnetic
field and hence some magnetostrictive mechanism [2]
Extending previous studies (3] of electronic sructure anoi
magnetic interactions in the nominal experimentally
determined structure and in the view of addressing elastic
properties of the material, we now perform structure
relaxation, followed by the evaluation of vibration modes
for its 104-atom molecular fragment, The (presumab!y’
:smaH) coupling of molecules into a crystal is thus not taken
Into account, and consequently the vibration modes other
Fhan intramolecular ones are missing. The calculation
is done by the Siesta method [4], using the generalized
t;radient approximation and phonons calculated by the
h(nite-difference scheme. Moreover, molecular dynamics~
u‘u'nulations have been done at different temperatures
The calculations reveal a broad spectrum of frequencies.
f;;l.«):'tiﬂg with quite soft collective vibrations of the moleculesf
{al.'3bout100cm")through Mo-Omodesat 1000cm-' to hith
frequency (~3700em ) vibrations of water molecules. The
s‘m:)des involving the movement of Ni ions are numerous bui
‘hfc:tively confined to a frequency range between 100 and
B0cm . Comparison with available experimental data and
mplications for magnetic properties will be discussed.

4 AV Postnikov, M. Briiger and J. Schnack, Phase Trans. 78, 47 (2005)

http://xxx.Janl gov/abs/cond-mat/0404343.
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Hole capture inta sxids dofe
from first principies
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Figure 1: Schematic confiquration cvordinate diagram for the defect in our
description of NRIL As an example, the wetastable configurations are illustrated
Tor an oxygen vacancy, In the initial siate (1), the defect is neutral and thus
electrically invisible. Application of an electric field changes the relative position

of the potential energy suntaces of the netrol and the charged defect, A detailed
description can be found in |3/,

Itis the purpose of this work to study the atomistic
foundation of our model and to ultimately find the defect
responsible for NBTL In this first effort, we concentrate on the
initial charge transfer (transition 1 to 2') which is understood
a5 a non radiative multiphonon hole capture process.
The defects selected for inspection are the oXygen vacancy
and the hydrogen bridge. The former has been previously
?l,l(ﬂj(](?f%l(*(ﬁf as the defect causing NBTI and other reliability
ISSU(');S, and the latter has been proposed as the defect
causing stress-induced leakage current (SILC) [5].
Multiphonon capture: The transition of a hole from the
semiconductor channel region to the defect is understood
as a non radiative process involving multiple vibrational
excitation of the defect structure. A detailed description
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of the theory can be found in 13,4]. The central part of
multiphonon theory is the line shape function.

f(E)=avg * J<nn>P S(E-E+E)
where n, and n, are the vibrational wavefunctions of the
initial and final state and £, and £, are the respective energies,
Eis the energy of the tunneling hole.

The line-shape function dominates the hole energy
dependence of the capture cross section o= o f.

In this work, we apply the usual harmonic approgimation
to the dependence of the eneigy on the  vibrational
coordinates. Further we assume single mode coupling,
treating the reaction coordinate af the hole capture
transition as an eigenmode of the system. Wasing  this
approximation, the vibrational  wavelunctions  become
simple harmonic oscillator wavefunctions, For the overlaps
of the latter, analytic expressions are avallableinliterature 6},
In contrast to previous studies which relied on empirical
potentials matched to experimental data, the parameters
of the parabolic potential are now taken from our ab initio

calculations,

Caleulation Method: The defects were placed in an
orthorhombic — alpha-quartz  supercell. Alpha quartz
was chosen because it is a well-studied reference for
amorphous silica. The calculations have been performed
using the Vienna ab initio simulation package (VASP)
and the associated PAW pseudopotential database. The
wavefunctions were expanded in a plane-wave basis set
up to 800 eV, the total energy was calculated using the PBE
functional. For the alignment of the defect energies with
the silicon bulk, we follow the method of Bldchl [51. Energies
have been evaluated for the defects in their positive and
neutral charge state for the positively charged and neutral
optimum configuration. The results of these calculations
are then used to parametrize the harmonic approximations
to the adiabatic potential energy surfaces. Finally, life-time
broadening is simulated by smearing the resulting dirac-
peaks with a gaussian function of width k,T.

Results: For the oxygen vacancy, a peak cross section
approximately 1eV above the SiO, valence bandis predicted.
From the crossing of the potential energy surfaces of the
neutral and positive state, an activation energy of roughly
2.8 eV is predicted for the capture of holes from the silicon
valence band, inconsistent with the assumptions in our
NBTI model of about 0.6-1.2 eV.

A completely different behavior is found for the
hydrogen bridge, which is predicted to be more stable in
the positive state with a very small activation barrier for
hole capture. The maximum of the capture cross section is
found approximately 1 eV below the silicon valence level,
indicating an efficient hole trap. The extracted parameters
for the hydrogen bridge are in much better agreement with
the parameters necessary to explain NBTL

Further investigation is required using more sophisticated
functionals and different alignment schemes 10 estimate
the methodical error induced by DFT.
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Figure 2: Calalated ine-shape function at 300K for the oxygen vacancy
and the hydrogen bridge.
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Analog of Rabi oscillations
in resonant electron-ion systems

#Lorenzo Stella (1), Andrew Horsfield (2), Andrew Fisher (3)
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Understanding quantum electron-ion correlations abs
in organic semiconductors by ultrafast spectroscopy i
object of a renewed theoretical and computational ¢
Since most of nonadiabatic molecular dynamics aliye
in use is not appropriate to simulate guantum
ion coherence in condensed phase, we have jifs
(J. Chem. Phys. 127, 214104 (2007)) introduced |
suited computational scheme based on Correlated U
lon Dynamics (CEID). To illustrate its capability 1
coherent quantum evolution of non-trivial atorni
we have studied a model displaying resonint
analog of the Rabi oscillations considered it
optics. In particular, in our example we havis
quanta of vibration (phonons) play the role of i3
light (photons) and that the observed oscillatis
quantum interference between different elets
states. Finally, we discuss in details convergeis
properties of this improved CEID scheiie
applications to sermiempirical models of conjugs
semiconductors.




