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The properties of semiconductors 
are determined not only by their 

shape and dimensions, strain, dopant 
concentrations, and junctions with other 
materials, but also, the concentration of 
their isotopes. Isotope concentrations 
influence the thermal, elastic, and lumi-
nescent properties of semiconductors. 
Its largest effect is on lattice vibrations. 
Thus, changing the isotope concentra-
tion affects the lattice constants, coeffi-
cients of thermal expansion, and thermal 
conductivity of the material. For exam-
ple, the thermal conductivity of isotopi-
cally pure 28Si is 60% higher at room 
temperature and 600% higher at 20 K 
compared to natural silicon, which 
is composed of three isotopes, 28Si 
(92.2%), 29Si (4.7%), and 30Si (3.1%).
 This book focuses on how the prop-
erties of semiconductors change with 
isotope concentrations and how this can 
be used to enhance device performance. 
To understand this dependency, for 
each property, Plekhanov first describes 
the physical theory of how the interac-
tions of atoms and their electrons lead 
to specific properties. For example, 
he explains how energy bandgaps are 
formed from a lattice of atoms, the con-
cepts of densities of state and electron 
effective mass, and excitons in quantum 

wells with little or no reference to iso-
topes. This background sets the stage 
for discussing how the semiconductor 
properties change with specific isotopes. 
Brief reviews are given on how the energy 
bandgap changes with isotope concentra-
tions for many different semiconductors, 
including silicon, germanium, diamond, 
lithium hydride, cadmium sulfide, zinc 
oxide, and many others.
 Isotope concentration strongly affects 
phonon properties, since these depend on 
the mass of the atoms involved. Thus, the 
thermal conductivity is highest in elemen-
tal semiconductors that are isotopically 
pure and is lowest in semiconductors 
with a mixture of isotopes due to isoto-
pic disorder. Besides theory and factual 
data, Plekhanov also covers the special-
ized methods for measuring the properties 
of semiconductors with different isotope 
concentrations, such as inelastic neu-
tron scattering, to determine the phonon 
dispersion. His coverage also examines 
how phonon-related properties change 
with isotope concentrations, including 
Raman peak positions and peak widths. 
The effects of varying isotope concen-
trations are interspersed with other tech-
niques employed to vary the properties of 
electrons in semiconductors, such as the 
use of quantum wells.

 The underlying physics for many 
devices is explained, including light-
emitting diodes, optical fibers, res-
onant-tunneling diodes, field-effect 
transistors, and radiation detectors. 
Again, most of this is general, with little 
reference to isotope  effects. The most 
recent topics covered are on the isotope 
effects in carbon nanotubes and quan-
tum computing. The lengthy section on 
the requirements for quantum comput-
ing ends by describing the importance 
of isotopic purity in this application to 
maximize the coherence times in sili-
con and diamond. These descriptions of 
devices and applications are well-writ-
ten, covering the most salient aspects 
of these technologies.
 This book is nicely illustrated with 
many black and white figures, mostly 
plots of physical data, with some device 
schematics. It references more than 700 
papers, including many classic textbooks 
on solid-state physics. Most of the refer-
ences are from prior to 2010, the excep-
tion being more recent studies of carbon 
nanotubes and quantum computing. This 
book is a mixture of theory and experi-
mental observations. It does not include 
any problems, which would make it dif-
ficult to use as a textbook. Still, it is a 
good supplemental source for a solid-state 
physics course.
 In summary, this is a good introduction 
to semiconductor physics and a compre-
hensive overview of the many different 
ways in which isotopes influence mate-
rial properties and can be exploited to 
improve device performance and achieve 
completely novel device functions.

Reviewer: James H. Edgar, Distinguished 
Professor at Kansas State University. 
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2019
election

Election rules require active membership 
status. To ensure voter eligibility, 
Membership dues must be paid in  
full by 11:59 pm (ET), June 30, 2019.

COMING SOON!  
Election of 2020 MRS Officers 
and Board Members

Candidate bios and statements will be available 
on the MRS website prior to the election.   
Election opens early August.  Watch your email 
for ballot login information from “MRS Elections.”
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