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IOP ebooks brings together innovative digital publishing with leading voices
from across physics and related disciplines to create the essential ebooks
collection from a physical sciences society publisher.

We are the first STM publisher to build an ebook programme on a fully digital
vision — we offer multiple file formats including EPUB, no DRM or restrictions
on use and integrated multimedia content including video and interactive
graphs. |OP ebooks put the reader in control, enabling them to go beyond the
constraints of the printed page for enhanced discovery.
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Something for everyone at your library

Our ebooks collections not only offer high-quality research across the scientific landscape, but have

been created to meet the needs of all your library users, from students and early-career researchers to
established leaders in their fields.

10P Expanding Physics™ IOP Concise Physics™

Offaring pioneering titles from leading voices, this collection Developed with Morgan & Claypool Publishers, I0OP Concise
servesthe needs of advanced students and researchers across Physics books are essential, interdisciplinary guides foranyone
the breadth of physics and related subject areas. exploring an emergingfield or looking for an introduction to the
¢+ |necludes research monographs building blocks of physics.

¢ |n-depth texts: 200-500 pages * Provide a snapshot of current research oran introduction

+ Authoritative content: written by experts across the globe to key principles

& |deal resource for undergraduates and early-career physicists
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Expert partners

We collaborate with societies at the forefront of their fields to deliver the best content in the best
way. Building on our existing relationships with these publishing partners allows us to integrate ebooks
with journals on one platform, making all related content discoverable in one place.

L ¢ Astronomy ebooks collection - comingin 2017 ? IPEM Series in Physics and Engineering in Medicine

AA Collaborating with the vast expertise of the LT“:’_:-&:::.:::: and Biology - comingin 2018
5 i AASwill allow the most fascinating areas of : Combining IOP's experience in ebook publishing
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depth by community experts. physics and biomedical engineering will create
5 ! the strongest book programme forthese growing
communities.
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Broad subject coverage — spanning Physics

medical titles astronomical titles condensed matter titles
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- atomic and environmental physics high energy and - quantum physics
molecular physics and green energy particle physics
- condensed biophysics medical physics and quantum information
matter physics biomedical engineering and quantum computing

- optics and

photonics

- sensors and
instrumentation

applied and
| industrial physics

geophysics and - nuclear physics - astronomy and
planetary science astrophysics

materials science statistical physics and - nanoscience
thermodynamics and nanotechnology

electronic materials mathematical and - plasma physics series
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Testimonials

Silver was awarded to |OP ebooks from
|IOP Publishing. The judges recognised the
boldness of IOP’s reinvention of a core
business, which sets digital and the user
at the heart of its strategy.

Judging Panel ALPSP Award for Innovation

|IOP ebooks created a brand new reading
experience for ebooks.

Wang Li-Mei, Librarian, Beijing University of Science
and Technology, China

Ultrafast Spectroscopy: Quantum
information and wavepackets is a gem
of a book!

Alexander Nott, Postdoctoral Associate,
T=zaiLaboratory, Picower Institute, MIT, USA

Qur users appreciate having your books in
formats that are compatible with their
e-reader devices or are otherwise convenient
to download and use (e.g. no DRM), so I'm
sure the books will be a hit.

Robin Dasler, Engineering & Research Data Librarian,
University of Maryland, USA

It's always good to hear that we are getting
great usage from the material we licence

and I'm really pleased that the IOP collection
has been doing well as it's a great example of
how ebooks should be created.

Gavin Phillips, Principal Library Assistant: Acquisitions &
Metadata, Imperial College London, UK
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CHAPTER 1 = FREE TO READ

The world of nanoelectronics

David K Ferry

All ebook chapters can be

Table of contents
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downloaded in EPUB3 and PDF. We
also offer whole book downloads

Published August 2015 = Copyright @ IOP Publishing Ltd 2015
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Download complete PDE book or the ePub book

% Chapter information
=+ Abstract
% Abstract

Tt generally is regarded as being true that nanostructures may be considered as ideal systems for the

Figures =  References =

=+ Chapterinformation

study of the physics of electronic transport. Perhaps this is a self-fulfilling statement, as I have been
involved in the field for my entire career. In the late 1970s, this area of research was called 'ultra-small
electronics research’, and the description as one of nanoscale was not applied for a few decades after
that. But, it was interesting that we pursued the use of electron-beam lithography to make things
small. Unfortunately, this endeavor was ended by the success of the microelectronics industry. For
instance, we worked hard in the university environment to make small transistors with gate lengths
on the scale of 25-50 nm. For the past decade or so, Intel (and others, of course) has made a number
something like a thousand times the population of the Earth of such devices each day, so this area of

research is gone from the universities.
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processing that has given us this high technology life. This is nicely illustrated by Professor Jesper
Nygard in the video of figure 1.1. Several research technologies are discussed in this video, and we AT

will treat many of them in the following chapters of this book. 1.2 Hengbuaes
1.3. On the concept of localization

1.4. Some electronic time and length
scales

1.5. Heterostructures for mesoscopic
devices

1.6. Nanofabrication
Problems

References

Providing the first physics
ebooks with fully embedded
video content as standard

Figure 1.1. Jesper Nygard on nanotechnology, artificial atoms, and the future of computing.
(Video hosted by Professor Jesper Nygérd, Neils Bohr Institute, and produced by the

Compound for Neils Bohr Institute, included here with their permission.)

Download figure:

Ex Video [l Standard image [l High-resolution image 4 Backtotop
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self-consistent manner. Before addressing this, let us talk about the phrase ‘transverse mass'". Silicon
has a complicated band structure. The minimum of the conduction band lies along the line from I’ to
X in the Brillouin zone, and is located about 85% of the way to X. Because of the symmetry of the
Brillouin zone, there are six equivalent minima, as shown in figure 1.4. Each of the six ellipsoids has a
longitudinal axis and two transverse axes, and corresponding values for the mass. In §i, it is generally
felt that the effective mass values are "1 = 0-91mo, my = 0.19m,_

K,

@, ZoomIn € Zoom Out 3 Resetimage size

Figure 1 4. A constant energy surface near the minima of the conduction band in silicon

consists of six equivalent ellipsoids oriented along the lines from I to X
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[l Standard image [ High-reselution image [ Export PowerPoint slide
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Semiconductors
Bonds and bands

CHAPTER 2 @

Electronic structure

David K Ferry

Publshed Saptember 2013 » Copyright € KOP Publishing Lig J053
Pages 2-1 10 253

£ POF chapter @ ePub chapter

Download complete PDF book or the ePub book

Figures v References »

+ Chapter infarmatian

+ Abstract

It is reasonably obvious te anyone that an electron moving through a coystal in which there is a large
pumber of atomic p ials will e d port behavior significantly different from an
electron in free space. Indeed, in the crystal the electron is subject to a great many quantum
mechanical forces and potentials. The point of developing an und, ding of the al

structure is to try to simplify the multitude of forces and potentials into a more condensed form, in

which the electran is replaced by a quasi-particle with marny of the properties of the electron, but with
significant differences in these properties, Significant among these is the introduction of an effective
mass, which is representative of the totality of the farces. To und d how this

iz made, we need to first understand the electronic structure of the semiconductor, and that is the
task of this chapter.
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2.1. Periodic potentials

In most crystals, the interaction with the nuclei, or latlice atoms, is not negligible. However, the |attice has certain symmetries that
the energy structure must also possess. The most important is periodicity, which is represented in the potential that will be seen by
anearly-free electron. Suppose we consider a one-dimensional crystal, which will suffice to illustrate the paint, then for any vector
L, which is a vector on the lattice, we will have

_lggemeren 21)

Show Source
When w Eormat » & lattice, this means that it may be written as L = na, where n1is an integer and a is the spacing
ofthe at an take only certain values and is not a continuous variable. L then represents the periodicity of
the lattic Settings * |tthis periodicity must be imposed upon the wave functions arising from the Schradinger
equatior
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