Electron Phonon
Interaction In
Low Dimensional
Structures Series
On
Semiconductor
Science And
Technology

Understanding the mechanism
of the high-temperature
superconductors has been a
very important topic 1in
condensed matter physics.
Researchers have been trying
to explain the role of

electron-phonon interaction
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(EPT) 1in cuprates. Some
important ' properties of the
cuprates could not be
explained by conventional
BCS theory. This book
contains the experimental
and theoretical studies on
the EPI. The experimental
part covers the results of
angle-resolved photoemission
spectroscopy (ARPES),
isotopic effect, elastic
neutron scattering study of
electron-phonon, lattice
role and so on. The
theoretical part covers the
electron—-phonon, polaron and
bipolaron, effect of
lattice, fine structure 1in
the tunnelling spectra of
electron—-doped cuprates,

identification of the bulk
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pairing symmetry in high-
temperature
superconductors.Students and
researchers interested in
high-temperature
superconductors, especially
the EPI in cuprates will
find this title very useful.
Quantum mechanical laws are
well documented at the level
of a single or a few atoms
and are here extended to
systems containing 102 to
1010 electrons — still much
smaller than the usual
macroscopic objects, but
behaving in a manner similar
to a single atom. Besides
the purely theoretical
interest, such systems pose
a challenge to the

achievement of the ultimate
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microelectronic
applications. The present
volume presents an up—-to-
date account of the physics,
technology and expected
applications of quantum
effects in solid-state
mesoscopic structures.
Physical phenomena include
the Aharonov-Bohm effect,
persistent currents, Coulomb
blockade and Coulomb
oscillations in single
electron devices, Andreev
reflections and the
Josephson effect in supercon
ductor/normal/superconductor
systems, shot noise
suppression in microcontacts
and contact resistance
quantisation, and overall

quantum coherence in
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mesoscopic and nanoscopic
structures -related' to the
emerging physics of quantum
computation in the solid-
state environment.

PhD students, academics,
researchers and
industrialists in
nanotechnology.

The field of low—-dimensional
structures has been
experiencing rapid
development in both
theoretical and experimental
research. Phonons in Low
Dimensional Structures is a
collection of chapters
related to the properties of
solid-state structures
dependent on lattice
vibrations. The book is

divided into two parts. In
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the first part, research
topics such''as-interface
phononstand polaron states,
carrier—-phonon non-
equilibrium dynamics,
directional projection of
elastic waves 1in parallel
array of N elastically
coupled waveguides,
collective dynamics for
longitudinal and transverse
phonon modes, and elastic
properties for bulk metallic
glasses are related to
semiconductor devices and
metallic glasses devices.
The second part of the book
contains, among others,
topics related to
superconductor, phononic
crystal carbon nanotube

devices such as phonon
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dispersion calculations
using density functional
theory for a range of
superconducting materials,
phononic crystal-based MEMS
resonators, absorption of
acoustic phonons in the
hyper-sound regime 1in
fluorine-modified carbon
nanotubes and single-walled
nanotubes, phonon transport
in carbon nanotubes,
quantization of phonon
thermal conductance, and
phonon Anderson
localization.

Low Temperature Electron-
phonon Interaction 1in
Disordered Metal Thin Films
and Applications to Fast,
Sensitive Sub-millimeter

Photon Sources and Detectors
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Electron-=Phonon Interaction
in Optically—-Pumped
Semiconductor Quantum Wells
Electron-phonon Interaction
in a Magnetic Field at Low
Temperatures. 1 (elektron-
fononnoe Vzaimodeistvie V
Magnitnom Pole Pri Nizkikh
Temperaturakh. I).

Design, Fabrication, and
Characterization of
Multifunctional
Nanomaterials

Lattice Effects In High Tc
Superconductors -
Proceedings Of The
Conference

The generation and
propagation of pulses of
nonequilibrium acoustic
phonons and their

Page 8/90



interaction with
semiconductor
nanostructures are
investigated. Such studies
can give unique information
about the properties of low-
dimensional electron
systems, but in order to
interpret the experiments
and to understand the
underlying physics, a
comparison with theoretical
models is absolutely
necessary. A central point
of this work is therefore a
universal theoretical
approach allowing the
simulation and the analysis
of phonon spectroscopy
measurements on low-

Page 9/90



dimensional semiconductor
structures. The model takes
into account the
characteristic properties of
the considered systems.
These properties are the
elastic anisotropy of the
substrate material leading
to focusing effects and
highly anisotropic phonon
propagation, the
anisotropic nature of the
different electron-phonon
coupling mechanisms,
which depend manifestly on
phonon wavevector
direction and polarization
vector, and the sensitivity
to the confinement
parameters of the low-
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dimensional electron
systems. We show that
screening of the electron-
phonon interaction can
have a much stronger
influence on the results of
angle-resolved phonon
spectroscopy than
expected from transport
measurements. Since we
compare theoretical
simulations with real
experiments, the
geometrical arrangement
and the spatial extension of
phonon source and
detector are also included
in the approach enabling a
quantitative analysis of the
data this way. To illustrate
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the influence of acoustic
anisotropy and carrier
confinement on the results
of phonon spectroscopy in
detail we analyse two
different applications. In
the first case the low-
dimensional electron
system acts as the phonon
detector and the phonon
induced drag current is
measured. Our theoretical
model enables us to
calculate the electric
current induced in low-
dimensional electron
systems by pulses of
(ballistic) nonequilibrium
phonons. The theoretical
drag patterns reproduce
Page 12/90



the main featu.
Magnetic and
superconducting materials
pervade every avenue of
the technological world -
from microelectronics and
mass-data storage to
medicine and heavy
engineering. Both areas
have experienced a recent
revitalisation of interest
due to the discovery of new
materials, and the re-
evaluation of a wide range
of basic mechanisms and
phenomena. This Concise
Encyclopedia draws its
material from the award-
winning Encyclopedia of
Materials and Engineering,
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and includes updates and
revisions not available in
the original set -- making it
the ideal reference
companion for materials
scientists and engineers
with an interest in
magnetic and
superconducting materials.
* Contains in excess of 130
articles, taken from the
award-winning
Encyclopedia of Materials:
Science and Technology,
including ScienceDirect
updates not available in the
original set. * Each article
discusses one aspect of
magnetic and
superconducting materials
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and includes photographs,
line drawings and tables to
aid the understanding of
the topic at hand. * Cross-
referencing guides readers
to articles covering
subjects of related interest.
The Second International
Conference on Phonon
Scattering in Solids was
held at the University of
Nottingham from August
27th - 30th 1975. It was
attended by 192 delegates
from 24 countries who were
accompanied by 43
members of their families.
Eleven invited papers were
read and 96 contributed
papers; the contributed
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papers were in two parallel
sessions. The Conference
included the topics of the
two International
Conferences held in France
in 1972, in Paris and at Ste
Maxime. The Conference
brought together workers
concerned with many
aspects of phonon
scattering in solids and
liquid helium. Some of the
work reported were studies
of the intrinsic properties
of diel ectric materials such
as the effects of
anharmonicity, dispersion
and anisotropy on phonon
propagation and the
conditions for the existence
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of zero sound and second
sound modes. Work was
also pres ented on various
aspects of phonon
interaction with free
electrons in metals and
semiconductors. A
substantial part of the
Conference was devoted to
phonon spectroscopy -
investigations of the
energy levels of ions or
neutral impurities by
observing the resonant
absorp tion or scattering of
phonons. The materials
being studied include
paramagnetic and
paraelectric solids,
amorphous systems in

Page 17/90



which the ‘impurities’
appear to be intrinsic, and
semiconductors. Work was
reported on the use of
phonons to observe phase
transitions; in some cases
the cooperative phase also
arises through strong spin
phonon coupling. One of
the intriguing unsolved
problems discussed in
detail at the Conference is
the Kapitza conductance
problem.
This book provides the
readers with a broad
introduction to the field of
particle physics through
fictional discussions
between three prominent
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physicists — Albert
Einstein, Issac Newton, and
Murray Gell-Mann —
together with a modern
physicist.Matter is
composed of quarks and
electrons. The forces
between quarks are
generated by exchanges of
gluons and are so strong
that they result in the
confinement of quarks in
atomic nuclei, whereas the
forces between electrons
and atomic nuclei are
generated by exchanges of
photons, and the forces
between quarks and
electrons (or any other
leptons) are generated by
Page 19/90



exchanges of weak
bosons.The book is suitable
for non-experts in physics.
Proceedings of the Yamada
Conference XVIIlI on
Superconductivity in Highly
Correlated Fermion
Systems
Proceedings of the First
CINVESTAV
Superconductivity
Symposium
Electron-phonon
Interactions in Low-
dimensional Structures
Atlas of Point Contact
Spectra of Electron-Phonon
Interactions in Metals
Electronic Characteristics
and Electron-Phonon
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Interaction in
Superconducting Metals
and Alloys

The study of cooperative
phenomena is one of the
dominant features of contem
porary physics. Outside physics it
has grown to a huge field of
interdisciplinary investigation,
involving all the natural sciences
from physics via biology to socio
logy. Yet, during the first few
decades following the advent of
quantum theory, the pursuit of
the single particle or the single
atom, as the case may be, has
been so fascinating that only a
small number of physicists have
stressed the importance of
collective behaviour. One
outstanding personality among

these few is Professor HERBERT
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FROHLICH. He has made an
enormous contribution to the
modern concept of cooperativity
and has stimulated a whole
generation of physicists.
Therefore, it seemed to the
editors very appropriate to
dedicate a volume on
“cooperative phenomena" to him
on the occasion of his official
retirement from his university
duties. Nevertheless, in the
course of carrying out this
project, the editors have been
somewhat amazed to find that
they have covered the essentials
of contemporary physics and its
im pact on other scientific
disciplines. It thus becomes clear
how much HERBERT FROHLICH
has inspired research workers

and has acted as a stimulating
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discussion partner for others.
FROHLICH is one of those
exceptional scientists who have
wor ked in quite different fields
and given them an enormous
impetus. Unfortunately, the
number of scientists of such
distinctive personality has been
decreasing in our century.

The article is a study of the
change in the characteristics of
the phonon spectrum as a
function of the magnetic field.
This change is particularly
marked with strong magnetic
fields, since the change in the
Fermi surface in this case is
considerable. The calculation is
carried out by the known method
of Green's functions at a
temperature of absolute zero.

Practically speaking, it is a
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question of temperatures much
lower than the electron
degeneracy temperature and the
Debye temperature. To find the
phonon spectrum, a solution is
found to the Dyson equation for
the Green's function of the
phonon. On the above basis, the
author proceeds to a
mathematical solution of the
problem posed.

Papers presented at the
International Conference on
Phonons in Condensed Materials,
held at Bhopal during 20-23
January 2003.

This book describes new trends
in the nanoscience of isotopic
materials science. Assuming a
background in graduate
condensed matter physics and

covering the fundamental
Page 24/90



aspects of isotopic materials
science from the very beginning,
it equips readers to engage in
high-level professional research
in this area. The book’s main
objective is to provide insight
into the question of why solids
are the way they are, either
because of how their atoms are
bonded with one another,
because of defects in their
structure, or because of how they
are produced or processed.
Accordingly, it explores the
science of how atoms interact,
connects the results to real
materials properties, and
demonstrates the engineering
concepts that can be used to
produce or improve
semiconductors by design. In

addition, it shows how the
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concepts discussed are applied in
the laboratory. The book
addresses the needs of
researchers, graduate students
and senior undergraduate
students alike. Although
primarily written for materials
science audience, it will be
equally useful to those teaching
in electrical engineering,
materials science or even
chemical engineering or physics
curricula. In order to maintain
the focus on materials concepts,
however, the book does not
burden the reader with details of
many of the derivations and
equations nor does it delve into
the details of electrical
engineering topics.
Electron-phonon Interaction And

Lattice Dynamics In High Tc
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Superconductors
Electron-Phonon Interactions and
Phase Transitions

Concise Encyclopedia of Magnetic
and Superconducting Materials
Based on Invited and Contributed
Papers and Discussion, 3rd
Materials Research Symposium,
Held at Gaithersburg, Maryland,
November 3-6, 1969

Introduction to Isotopic Materials
Science

The book describes how the
electrons in small "low-
dimensional" structures
interact with their
surroundings. It contains a
series of linked up to date
review chapters as well as

explanatory material and is
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written to be understandable
to graduate students and
newcomers to the field. All
contributions come from
leading scientists.

This third edition of the
Encyclopedia of Spectroscopy
and Spectrometry provides
authoritative and
comprehensive coverage of all
aspects of spectroscopy and
closely related subjects that
use the same fundamental
principles, including mass
spectrometry, imaging
techniques and applications. It
includes the history,
theoretical background,

details of instrumentation and
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technology, and current
applications of the key areas
of spectroscopy. The new
edition will include over 80
new articles across the field.
These will complement those
from the previous edition,
which have been brought up-
to-date to reflect the latest
trends in the field. Coverage in
the third edition includes:
Atomic spectroscopy
Electronic spectroscopy
Fundamentals in
spectroscopy High-Energy
spectroscopy Magnetic
resonance Mass spectrometry
Spatially-resolved

spectroscopic analysis
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Vibrational, rotational and
Raman spectroscopies The
new edition is aimed at
professional scientists
seeking to familiarize
themselves with particular
topics quickly and easily. This
major reference work
continues to be clear and
accessible and focus on the
fundamental principles,
techniques and applications
of spectroscopy and
spectrometry. Incorporates
more than 150 color figures,
5,000 references, and 300
articles for a thorough
examination of the field

Highlights new research and
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promotes innovation in
applied areas ranging from
food science and forensics to
biomedicine and health
Presents a one-stop resource
for quick access to answers
and an in-depth examination
of topics in the spectroscopy
and spectrometry arenas
Nanotechnology is a 'catch-all’
description of activities at the
level of atoms and molecules
that have applications in the
real world. A nanometer is a
billionth of a meter, about
1/80,000 of the diameter of a
human hair, or 10 times the
diameter of a hydrogen atom.

Nanotechnology is now used
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In precision engineering, new
materials development as well
as in electronics;
electromechanical systems as
well as mainstream
biomedical applications in
areas such as gene therapy,
drug delivery and novel drug
discovery techniques. This
new book presents the latest
research from around the
world on nanorods, nanotubes
and nanomaterials.

These notes are a result of a
series of lectures given to the
MS and PhD students of the
Department of Physics,
Moscow State Pedagogical
University. They deal with the
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subject of electron-phonon
interaction in pure
threedimensional metals. The
goal was to show how one
could calculate the
temperature dependence of
the electron-phonon-
interaction time from first
principles within a simple
model. Students wishing to
expand their knowledge of the
subject of condensed matter
are invited to study any book
on solid-state physics (for
example by J.M. Ziman, or
N.W. Ashcroft and N.D.
Mermin.

Issues in Nanotechnology and

Micotechnology—EIectronic
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and Photonic Research: 2013
Edition

Electron-phonon Interaction in
Oxide Superconductors
Measuring, Interpreting and
Translating Electron
Quasiparticle - Phonon
Interactions on the Surfaces
of the Topological Insulators
Bismuth Selenide and
Bismuth Telluride

Electronic Density of States
Quantum Mesoscopic
Phenomena and Mesoscopic
Devices in Microelectronics
Thermoelectric materials,
which enable direct
conversion between thermal

and electrical energy,
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provide an alternative for
power generation and
refrigeration. The key
parameter that defines the
efficiency of
thermoelectric materials
is the 'dimensionless
figure of merit' ZT, which
is composed of the Seebeck
coefficient, electrical
conductivity and total
thermal conductivity
respectively. Ideally, to
achieve high ZT both the
Seebeck coefficient and
electrical conductivity
should be large, while
total thermal conductivity
must be minimized. In this
thesis, first-principles
Page 35/90



calculations of the
Seebeck coefficient,
lattice thermal
conductivity and
electrical conductivity
are performed to study
mechanisms and factors
that gives rise to high
ZT. One effective way to
enhance ZT is through
direct reduction of
lattice thermal
conductivity. We perform
calculation and analysis
of lattice thermal
conductivity for
thermoelectric materials
by solving the Boltzmann
transport equation
iteratively in the
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framework of perturbation
theory. The second- and
third-order interatomic
force constants are
extracted using the
recently developed CSLD
(compressive sensing
lattice dynamics) method.
Afterwards, we evaluate
opportunities to achieve
further reduction of
lattice thermal
conductivity. Our first
study of ternary zinc-
blende-based mineral
compounds famatinite
(Cu3SbS4) and
permingeatite (Cu3SbSe4)
shows that optical modes
in these two compounds
Page 37/90



contribute a sizable
portion of the total
lattice thermal
conductivity and thus
cannot be neglected. Due
to the fact that phonon
modes with mean free paths
larger than 10 nm carry
about 80% of the heat,
nanostructuring, which
reduces the mean free
path, is a promising way
to reduce the lattice
thermal conductivity by
reducing the
characteristic length. In
addition, our simple
alloying model including
mass disorder reproduces
experimental findings that
Page 38/90



forming solid solutions
rapidly decreases the
lattice thermal
conductivity. An
alternative way to reduce
lattice thermal
conductivity is to
introduce guest atoms in
host cage structures. Our
study of type-I Si
clathrates containing
guest atoms Na and Ba
shows that Na tends to
form incoherent localized
phonon mode while Ba
coherently couples with
the host cages. The low
lattice thermal
conductivities of Na- and
Ba-filled Si clathrates
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should be attributed to
the dramatic reductions in
both phonon lifetime and
group velocity. Analysis
of phonon scattering
process reveals that
localized modes can be
effectively emitted and
absorbed, thus
dramatically enhancing
overall scattering rates.
Another widely adopted
approach to achieve high
ZT is through maintaining
a high power factor. To
accurately determine the
Seebeck coefficient and
electrical conductivity,
we estimate carrier
lifetime due to electron-
Page 40/90



phonon interaction under
relaxation time
approximation using the
electron—-phonon Wannier
interpolation technique.
Our study of noble metals
Cu and Ag shows that their
positive Seebeck
coefficients can be mostly
attributed to the negative
energy dependence of
carrier lifetime. In
contrast to the previous
study of positive Seebeck
in Li, which is due to the
deviation of electronic
behavior from that in free
electron model, it is the
nontrivial energy
dependence of electron-
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phonon interaction vertex
that leads to the positive
Seebeck coefficient.
Intermetallic compound
B20-type CoSi has drawn
considerable attention due
to its exceptionally high
power factor and large
Seebeck coefficient. Our
study shows that the large
negative Seebeck
coefficient of the
pristine CoSi is mostly
due to the strong energy
dependence of carrier
lifetime, which together
with the high electrical
conductivity leads to the
high power factor. For
heat transport, both
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electron-phonon and phonon-
phonon interactions
contribute significantly
to phonon scattering at
temperatures lower than
200 K. while at
temperatures higher than
300 K, phonon-phonon
interaction dominates over
electron-phonon
interaction. Based on the
optimized power factor
with properly adjusted
carrier concentration, we
predict that the maximum
ZTs at 300 and 600 K are
about 0.11 and 0.25
respectively without
further reducing the total
thermal conductivity.
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Known good thermoelectric
materials often are
comprised of elements that
are in low abundance,
toxic and require careful
doping and complex
synthesis procedures. High
performance
thermoelectricity has been
reported in earth-abundant
compounds based on natural
mineral tetrahedrite
(Cul2Sb4S13). Our first-
principles electronic
structure calculations of
Cul2Sb4S13 show that Cu
atoms are all in the
monovalent state, creating
two free hole states per
formula unit of the
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pristine compound. Optimal
thermoelectric performance
can be achieved via
electron doping.
Substituting transition
metals on Cu 12d sites
does the job. Detailed
analysis shows that Zn and
Fe substitutions tend to
fill the empty hole
states, while Ni
substitution introduces an
additional hole to the
valence band by forming
ferromagnetic
configuration.
Experimentally observed
extremely low lattice
thermal conductivity can
be attributed to the out-
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of-plane vibrations of the
three-fold Cu ions. This
is further verified by the
large Gruneisen parameter
calculated.
The problem of
conventional, low-
temperature
superconductivity has been
regarded as solved since
the seminal work of
Bardeen, Cooper, and
Schrieffer (BCS) more than
50 years ago. However, the
theory does not allow
accurate predictions of
some of the most
fundamental properties of
a superconductor,
including the
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superconducting energy gap
on the Fermi surface. This
thesis describes the
development and scientific
implementation of a new
experimental method that
puts this old problem into
an entirely new light. The
nominee has made major
contributions to the
development and
implementation of a new
experimental method that
enhances the resolution of
spectroscopic experiments
on dispersive lattice-
vibrational excitations
(the "glue" responsible
for Cooper pairing of
electrons in conventional
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superconductors) by more
than two orders of
magnitude. Using this
method, he has discovered
an unexpected relationship
between the
superconducting energy gap
and the geometry of the
Fermi surface in the
normal state, both of
which leave subtle
imprints in the lattice
vibrations that could not
be resolved by
conventional spectroscopic
methods. He has confirmed
this relationship on two
elemental superconductors
and on a series of
metallic alloys. This
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indicates that a mechanism
qualitatively beyond the
standard BCS theory
determines the magnitude
and anisotropy of the
superconducting gap.
Issues in Nanotechnology
and
Micotechnology—Electronic
and Photonic Research:
2013 Edition is a
ScholarlyEditions™ book
that delivers timely,
authoritative, and
comprehensive information
about Microstructures. The
editors have built Issues
in Nanotechnology and
Micotechnology—Electronic
and Photonic Research:
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2013 Edition on the vast
information databases of
ScholarlyNews.™ You can
expect the information
about Microstructures in
this book to be deeper
than what you can access
anywhere else, as well as
consistently reliable,
authoritative, informed,
and relevant. The content
of Issues in
Nanotechnology and
Micotechnology—Electronic
and Photonic Research:
2013 Edition has been
pbroduced by the world’s
leading scientists,
engineers, analysts,
research institutions, and
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companies. All of the
content is from peer-
reviewed sources, and all
of it is written,
assembled, and edited by
the editors at
ScholarlyEditions™ and
available exclusively from
us. You now have a source
you can cite with
authority, confidence, and
credibility. More
information is available
at http://www.ScholarlyEdi
tions.com/.
The story of heavy
fermions (HF) begun with
the discovery of the low
temperature behaviour of
CeAl3 by Andres et al. in
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the year 1975 took the
momentum after the
discovery of
superconductivity in
CeCu2Si2 by Steglich et
al. in the year 1979
Though HF behaviour is
common in the rare-earth
elements like Ce, Yb and
actinides like U, it is
also found to exist in
some of the praseodymium
(Pr), samarium (Sm) ,
plutonium (Pu) and more
recently in neptunium (Np)
systems. These compounds
are characterized by the
presence of partially
filled f-electron bands.
At high temperatures,
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these magnetic moments
manifest themselves as a
weakly interacting set of
local moments of the f
electrons with Curie-Weiss
susceptibility that
coexists with light s or d
conduction electrons. But
at low temperature, these
f-electrons hybridize with
conduction electrons near
Fermi level via Kondo spin
fluctuation which happens
through constant exchange
spin-flip transition of f-
electrons and band
electrons in the vicinity
of Fermi level. This
process leads to a strong
mixing of Fermi electrons
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with the localized f-
electrons which is
manifested in a
renormalization of the
Fermi surface and a
drastic enhancement of the
effective mass of the
electrons at Fermi level.
Further, in HF systems,
electron-phonon
interaction (EPI)
contributes a lot in
manifestation of some of
the anomalous behaviour
relating to elastic
constant, ultrasonic
attenuation & sound
velocity, anisotropic
Fermi surface, Kondo
volume collapse etc. In
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this PhD thesis book in
title “Electron phonon
interaction and its effect
in heavy fermion (HF)
systems” the author tries
to put some light into the
behavoiour of Electron-
phonon interaction in
describing some of the
properties of HF systems
at low temperatures. In
this 1 st edition, the
book has been presented in
multicolour edition with
profuse colour
illustrations so as to
increase its clarity,
understand ability and
legibility, especially of
the figures depicted to
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explain the low
temperature behaviour of
HF systems. It is hoped
that the present book will
serve its purpose in
attracting young
researchers to the field
of HF systems. It is my
foremost duty to express
my deep sense of gratitute
to my supervisor Dr.
Pratibindhya Nayak ,
Professor Emeritus, School
of Physics, Sambalpur
University, Odisha, for
his able guidance at every
stage of this work.. His
innovative methods and
inspirational guidance
have largely contributed
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to the conceptualization
of the form and content of
this book. I am indebted
to my family members for
their constant support. I
am sincerely thankful to
the publisher, Newredmars
Education to bring my
works into light in form
of a book Healthy
criticism and suggestions
for further improvement of
the book are solicited.
Physics, Chemistry, and
Application of
Nanostructures
Electron-phonon
Interaction in Low-
dimensional Systems
Materials Design and
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Applications
Cooperative Phenomena
First-Principles Studies
of Phonons and Electrons
in Bulk Thermoelectrics
The characteristics of
electrical contacts have
long attracted the
attention of researchers
since these contacts are
used in every electrical
and electronic device.
Earlier studies generally
considered electrical
contacts of large
dimensions, having regions
of current concentration
with diameters
substantially larger than
the characteristic
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dimensions of the
material: the interatomic
distance, the mean free
path for electrons, the
coherence length in the
superconducting state,
etc. [110]. The
development of
microelectronics presented
to scientists and
engineers the task of
studying the
characteristics of
electrical contacts with
ultra-small dimensions.
Characteristics of point
contacts such as
mechanical stability under
continuous current loads,
the magnitudes of
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electrical fluctuations,
inherent sensitivity in
radio devices and
nonlinear characteristics
in connection with
electromagnetic radiation
can not be understood and
altered in the required
way without knowledge of
the physical processes
occurring in contacts.
Until recently it was
thought that the
electrical conductivity of
contacts with direct
conductance (without
tunneling or
semiconducting barriers)
obeyed Ohm's law.
Nonlinearities of the
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current-voltage
characteristics were
explained by joule heating
of the metal in the region
of the contact. However,
studies of the current-
voltage characteristics of
metallic point contacts at
low (liquid helium)
temperatures [142] showed
that heating effects were
negligible in many cases
and the nonlinear
characteristics under
these conditions were
observed to take the form
of the energy dependent
probability of inelastic
electron scattering,
induced by various
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mechanisms.
Advances 1in the physics
and chemistry of low-
dimensional systems have
been really magnificent 1in
the last few decades.
Hundreds of quasi-one-
dimensional and quasi-two-
dimensional systems have
been synthesized and
studied. The most popular
representatives of quasi-
one-dimensional materials
are polyacethylenes CH [1]
and conducting donor-
acceptor molecular
crystals TIF z TCNQ.
Examples of quasi-two-
dimensional systems are
high temperature su
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perconductors (HTSC) based
on copper oxides LA2CUO4,
YBa2Cu306+y and organic
superconductors based on
BEDT -TIP molecules. The
properties of such one-
and two-dimensional
materials are not yet
fully understood. 0On the
one hand, the equations of
motion of one-dimensional
sys tems are rather
simple, which facilitates
rigorous solutions of
model problems. On the
other hand, manifestations
of various interactions in
one-dimensional systems
are rather peculiar. This
refers, in particular, to
Page 63/90



electron--electron and
electron-phonon
interactions. Even within
the limit of a weak
coupling con stant
electron--electron
correlations produce an
energy gap in the spectrum
of one-dimensional metals
implying a Mott transition
from metal to
semiconductor state. In
all these cases
perturbation theory 1is
inapplicable. Which is one
of the main difficulties
on the way towards a
comprehensive theory of
quasi-one-dimensional
systems. - This meeting
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held at the Institute for
Theoretical Physics 1in
Kiev May 15-18 1990 was
devoted to related
problems. The papers
selected for this volume
are grouped into three
sections.

Remarkable developments 1in
the spectroscopy field
regarding ultrashort pulse
generation have led to the
possibility of producing
light pulses ranging from
50 to5 fs and frequency
tunable from the near
infrared to the
ultraviolet range. Such
pulses enable us to follow
the coupling of
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vibrational motion to the
electronic transitions 1in
molecules and solids 1in
real time. Detailing these
advanced developments, as
well as the fundamental
methods and tools of
vibrational spectroscopy,
Coherent Vibrational
Dynamics
providesresearchers and
students with a uniquely
comprehensive resource.
With the contributions of
pioneering scientists,
this seminal volume — -
Outlines the principles
and tools used on time-
domain vibrational
spectroscopy and provides
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a general introduction to
the subject of coherent
phonons +' Describes the
modern methods for tunable
ultrashort pulse
generation from infrared
to visible-UV - Reviews
coherent vibrational
dynamics in small
molecules in liquids
(hydrogen bonds), and in
carbon based conjugated
materials (polyenes,
carotenoids, and
semiconducting polymers)
Explores phonon dynamics
in semiconductors (bulk
and heterostructures) and
in quasi-one-dimensional
systems Supplemented with
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a great number of
references, and covering
fundamental as well
advanced topics, this text
provides a valuable
reference for both
graduate students and
senior researchers
investigating materials 1in
physics, chemistry, and
biology. It is also an
excellent starting point
for those who want to
pursue research in the
field of ultrafast optics
and spectroscopy.
The importance of the
electron-optical-phonon
interaction in polar
semiconductors is well-
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recognized, and for bulk
semiconductors it 1is
reasonably well-
understood. The situation
for quasi-two-dimensional
electronic systems is much
less clear, and a number
of experiments carried out
on systems with large
electron densities have
yielded apparently
conflicting results. The
present three year project
has been directed at
clarifying the situation
by investigating confined
systems with low electron
densities, for which
single particle theories
are expected to be valid.
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Experiments were carried
out at low temperatures
(4.2K -60K) on several
GaAs/AlGaAs multiple-
quantum-well (MQW) samples
with well widths between
125 angstroms and 450
angstroms. Most samples
were lightly doped in the
centers of the wells with
Si donors; one undoped
sample was also
investigated in the
interband optical
measurements. Three
separate resonant magneto-
optical experiments were
carried out in the course
of this work. (rh).
Electron Phonon
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Interactions

Phonons in Low Dimensional
Structures

Encyclopedia of
Spectroscopy and
Spectrometry

Notes on the electron-
phonon interaction

A Novel Semiclassical
Approach

Presently, there is an intense
race throughout the world to
develop good enough
thermoelectric materials which
can be used in wide scale
applications. This book focuses
comprehensively on very recent
up-to-date breakthroughs in
thermoelectrics utilizing
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nanomaterials and methods
based in nanoscience.
Importantly, it provides the
readers with methodology and
concepts utilizing atomic scale
and nanoscale materials design
(such as superlattice structuring,
atomic network structuring and
properties control, electron
correlation design, low
dimensionality, nanostructuring,
etc.). Furthermore, also indicates
the applications of
thermoelectrics expected for the
large emerging energy market.
This book has a wide appeal and
application value for anyone
being interested in state-of-the-

art thermoelectrics and/or actual
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viable applications in
nanotechnology.
Superconductivity in Highly
Correlated Fermion Systems
documents the proceedings of
the Yamada Conference XVIII on
Superconductivity in Highly
Correlated Fermion Systems
held in Sendai, Japan, from
August 31 to September 3, 1987.
This book compiles selected
papers on the experimental and
theoretical advances in the study
of superconductivity. The topics
include the superconductivity
and magnetism in heavy-electron
materials, magneto-resistance of
heavy-fermion compounds, and

magnetic fluctuations and order
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in exotic superconductors. The
fabrication and properties of thin
superconducting oxide films,
bipolaron models of
superconductors,
superconducting properties of
superlattices, and flux
quantization on quasi-crystalline
networks are also covered. This
publication is recommended for
physicists and students
researching on the
superconductivity in highly
correlated fermion systems.
Contents:Lattice Vibrations of the
Cuprate Superconductors (W
Reichardt et al)Evidence of
Strong Electron-Phonon

Interaction from the Infrared
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Spectra of YBa2Cu307 (T
Timusk & D B Tanner)Electron-
Phonon Interaction and Infrared
Spectra of High Temperature
Superconductors (O V Dolgov et
al)Tunneling Studies of
Bimuthate and Cuprate
Superconductors (J F
Zasadzinski et al)Phonon
Mechanism of the High Tc
Superconductivity Based on the
Tunneling Structure (D Shimada
et al)Lattice Instabilities in High
Temperature Superconductors:
The X Tilt Point Energy Surface
for La2-xBaxCuO4 (W E Pickett
et al)Structural Instability and
Strong Coupling in Oxide

Superconductors (N M
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Plakida)On the Isotope Effect (J
P Carbotte)Electron-Phonon
Coupling, Oxygen Isotope Effect
and Superconductivity in
Ba1-xKxBio3 (C K Loong et
al)Weak Coupling Theory of the
High-Tc Superconductors Based
on the Electron-Phonon
Interaction (J Labbé)Phonon Self-
Energy Effects in Migdal-
Eliashberg Theory (F
Marsiglio)Electron-Phonon
Interaction and
Superconductivity in
BaxK1-xBiO3 (K Motizuki et

al) The Effect of Strong Coulomb
Correlations on Electron-Phonon
Interactions in the Copper

Oxides: Implications for
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Transport (J H Kim et al)Zinc
Substitution Effects on the
Superconducting Properties for
Ld1.85Ce0.15Cu0O4-? (V Garcia-
Vazquez et al)Manifestations of
the e-ph Interaction: A Summary
(R Baquero) Readership:
Condensed matter physicists,
applied physicists, chemists,
electrical engineers and
materials scientists. keywords:
The study of electrons and holes
confined to two, one and even
zero dimensions has uncovered
a rich variety of new physics and
applications. This book describes
the interaction between these
confined carriers and the optic

and acoustic phonons within and
Page 77/90



around the confined regions.
The Electron-phonon Interaction
in Metals

Electron-Electron Correlation
Effects in Low-Dimensional
Conductors and
Superconductors
Manifestations Of The Electron-
phonon Interaction - Proceedings
Of The Second Cinvestav
Superconductivity Symposium
Phonon Scattering in Solids
Electron-Phonon Interaction in
Conventional and

Unconventional Superconductors
This book develops a methodology for the
real-time coupled quantum dynamics of

electrons and phonons in nanostructures,
both isolated structures and those open to
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an environment. It then applies this
technique to both fundamental and
practical problems that are relevant, in
particular, to nanodevice physics,
laser—matter interaction, and radiation
damage in living tissue. The interaction
between electrons and atomic vibrations
(phonons) is an example of how a
process at the heart of quantum dynamics
can impact our everyday lives. This is e.g.
how electrical current generates heat,
making your toaster work. It is also a key
process behind many crucial problems
down to the atomic and molecular scale,
such as the functionality of nanoscale
electronic devices, the relaxation of photo-
excited systems, the energetics of systems
under irradiation, and thermoelectric
effects. Electron—phonon interactions
represent a difficult many-body problem.
Fairly standard techniques are available

Jor tackling cases in which one of the two
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subsystems can be treated as a steady-
state bath for the other, but determining
the simultaneous coupled dynamics of
the two poses a real challenge. This book
tackles precisely this problem.

These proceedings cover the possible
manifestations of electron-phonon
interactions in understanding high Tc
superconductivity. The results of
measurements of different experimental
methods have been analysed, and the role
played by electrons in superconductivity,
taking into account the van Hove
singularity, has also been discussed. The
pairing of electrons by other bosonic
excitations, as well as the effects of
strong local electron-lattice interactions
are reviewed. Another important point is
the ab initio calculations discussed by
several authors that remark the
importance of electron-phonon effects for

high Tc superconductivity.
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This NATO Advanced Study Institute was
the fourth in a series devoted to the
subject of phase transitions and
instabilities with particular attention to
structural phase transforma~ions.
Beginning wi th the first Geilo institute in
19'(1 we have seen the emphasis evolve
Jrom the simple quasiharmonic soft mode
description within the Landau theory,
through the unexpected spectral structure
re presented by the ''central peak''
(1973), to such subjects as melting,
turbulence and hydrodynamic
instabilities (1975). Sophisticated
theoretical techniques such as scaling
laws and renormalization group theory
developed over the same period have
brought to this wide range of subjects a
pleasing unity. These institutes have been
instrumental in placing structural
transformations clearly in the

mainstream of statistical physics and
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critical phenomena. The present Geilo
institute retains some of the counter cul
tural flavour of the first one by insisting
whenever possible upon peeking under
the skirts of even the most successful
phenomenology to catch a glimpse of the
underlying microscopic processes. Of
course the soft mode remains a useful
concept, but the major em phasis of this
institute is the microscopic cause of the
mode softening. The discussions given
here illustrate that for certain important
classes of solids the cause lies in the
electron phonon interaction. Three major
types of structural transitions are
considered. In the case of metals and
semimetals, the electron phonon
interaction relie6 heavily on the topology
of the Fermi surface.

In time-dependent density functional
theory and Ehrenfest dynamics are used

to calculate the electronic excitations
Page 82/90



produced by a moving Ni ion in a Ni
crystalin the case of energetic MeV
range (electronic stopping power regime),
as well as thermal energy meV range
(electron-phonon interaction regime).
Results at high energy compare well to
experimental databases of stopping
power, and at low energy the electron-
phonon interaction strength determined
in this way is very similar to the linear
response calculation and experimental
measurements. Our approach to electron-
phonon interaction as an electronic
stopping process provides the basis for a
unified framework to perform classical
molecular dynamics of ion-solid
interaction with ab initio type
nonadiabatic terms in a wide range of
energies.

ELECTRON-PHONON INTERACTION
AND ITS EFFECTS IN HEAVY

FERMION SYSTEMS
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Phonon Spectroscopy and Low-
Dimensional Electron Systems
Phononsin Condensed Materials
Coherent Vibrational Dynamics
Nanorods, Nanotubes, and
Nanomaterials Research Progress

This monograph is a radical departure
Jrom the conventional quantum
mechanical approach to electron-phonon
interactions. It translates the customary
quantum mechanical analysis of the
electron-phonon interactions carried out
in Fourier space into a predominantly
classical analysis carried out in real
space. Various electron-phonon
interactions such as the polar and
nonpolar optical phonons, acoustic
phonons that interact via def ormation
potential and via the piezoelectric ef fect
and phonons in metals, are treated in this
monograph by a single, relatively simple

2classical? model. This model is shown to
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apply to electron interactions with the
deep lying X-ray levels of atoms, with
plasmons and with Cerenkov radiation.
The unifying concept that applies to all of
these phenomena is a new definition of a
coupling constant. The essentially
classical interaction of an electron with
its surrounding is clearly brought out to
be the cause of spontaneous emission of
phonons. The same concept also applies to
the case of spontaneous emission of
photons. While the bulk of this
monograph deals with quanta of phonons
and quanta of photons, a discussion of
the acousto electric ef fect which is a
purely classical phenomenon is presented.
The newly defined coupling constant
turns out to be valid too for this
discussion. This universality of the
coupling constant goes far beyond. It is
equally applicable to amorphous

materials. This significant application
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gives an analytic formulation of mobility
in amorphous materials.

The thesis presents experimental and
theoretical results about the surface
dynamics and the surface Dirac fermion
(DF) spectral function of the strong
topological insulators Bi2Te3 and Bi2Se3.
The experimental results reveal the
presence of a strong Kohn anomaly in the
measured surface phonon dispersion of a
low-lying optical mode, and the absence
of surface Rayleigh acoustic phonons.
Fitting the experimental data to
theoretical models employing phonon
Matsubara functions allowed the
extraction of the matrix elements of the
coupling Hamiltonian and the
modifications to the surface phonon
propagator that are encoded in the
phonon self-energy. This allowed, for the
first time, calculation of phonon mode-

specific DF coupling Av(q) from
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experimental data, with average coupling
significantly higher than typical values
Jfor metals, underscoring the strong
coupling between optical surface phonons
and surface DFs in topological insulators.
Finally, to connect to experimental results
obtained from photoemission
spectroscopies, an electronic (DF)
Matsubara function was constructed
using the determined electron-phonon
matrix elements and the optical phonon
dispersion. This allowed calculation of
the DF spectral function and density of
states, allowing for comparison with
photoemission and scanning tunneling
spectroscopies. The results set the
necessary energy resolution and extraction
methodology for calculating 4 from the
DF perspective.

Design, Fabrication, and
Characterization of Multifunctional

Nanomaterials covers major techniques
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for the design, synthesis, and development
of multifunctional nanomaterials. The
chapters highlight the main
characterization techniques, including X-
ray dif fraction, scanning electron
microscopy, high-resolution transmission
electron microscopy, energy dispersive X-
ray spectroscopy, and scanning probe
microscopy. The book explores major
synthesis methods and functional studies,
including: Brillouin spectroscopy;
Temperature-dependent Raman
spectroscopic studies; Magnetic,
[ferroelectric, and magneto-electric
coupling analysis; Organ-on-a-chip
methods for testing nanomaterials;
Magnetron sputtering techniques; Pulsed
laser deposition techniques; Positron
annihilation spectroscopy to prove defects
in nanomaterials; Electroanalytic
techniques. This is an important ref erence

source for materials science students,
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scientists, and engineers who are looking
to increase their understanding of design
and fabrication techniques for a range of
multifunctional nanomaterials. Explains
the major design and fabrication
techniques and processes for a range of
multifunctional nanomaterials;
Demonstrates the design and development
of magnetic, ferroelectric, multiferroic,
and carbon nanomaterials for electronic
applications, energy generation, and
storage; Green synthesis techniques and
the development of nanofibers and thin
films are also emphasized.

Sendai, Japan, August 31 - September 3,
1987

Thermoelectric Nanomaterials
Real-Time Quantum Dynamics of
Electron—Phonon Systems

Reviews and Short Notes to Nanomeeting
2003 : Minsk, Belarus, 20-23 May 2003

Adequacy of Damped Dynamics to
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Represent the Electron-phonon
Interaction in Solids
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