
66 November 2004    Physics Today http://www.physicstoday.org

light-emitting efficiency has doubled
about every 2 years, and their range
of colors has greatly expanded. Today,
LEDs serve as bright and colorful in-
dicators, interior and exterior auto-
mobile lights, display ele-
ments, and backlights for
nearly all electronic appli-
ances. And IR LEDs are used
for communications and re-
mote control.

Most recently, the effi-
ciency of LEDs has grown
substantially. Their emission
spectra have been expanded
to include white light and the
entire visible range; thus they can be
used for traffic signals and outdoor,
full-color displays. Researchers ex-
pect that LEDs will ultimately be ap-
plied to general illumination, which
could lead to tremendous energy sav-
ings. In Light-Emitting Diodes, E.
Fred Schubert provides an excellent
review of the physics and technology
of semiconductor LEDs.

The first LEDs were made of Car-
borundum (abrasive silicon carbide
crystals). The material’s properties
were revealed when a curious some-
one touched an electrical probe to a
nugget of SiC made for sandpaper
grit, which caused it to emit visible
light. Interesting anecdotes like this
one, clearly written by someone with
broad perspective and expertise, ap-
pear throughout the book, making 
it enjoyable to read. The first few
chapters summarize the physics of
carrier injection and recombination in
LED operation. Although the descrip-
tions are rather terse, they provide a
good introduction to the basic mecha-
nisms underlying the light-emission
process. 

Chapter 2 on radiative and nonra-
diative recombination processes is
well referenced for those who want to
dig deeper into the device physics. The
sections on nonradiative recombina-
tion are especially notable, because
the phenomenon represents a critical
limitation to LED efficiency. Schubert
provides an excellent description of
the undesirable recombination path-
way. LEDs have an operating current
density that is one to two orders of
magnitude lower than that of semi-
conductor laser diodes, and nonradia-
tive processes caused by defects can
be dominant at such low operating
current densities. 

The materials and processes re-
quired for fabrication of modern, high-
brightness LEDs demand perfection.
Despite their ubiquity, LEDs are dif-
ficult to make because the underlying
technology is enormously sophisti-
cated. Schubert’s book explains how

LEDs are made, starting from raw
semiconductor materials that make
up a layered heterostructure, which is
processed into a die and then pack-
aged into lamps. The text also dis-

cusses advanced designs for
high-efficiency LEDs. 

The recent introduction of
high-brightness blue and
green LEDs made from ni-
tride semiconductors has led
to a family of better full-color
displays. However, under-
standing the benefits of visi-
ble LEDs requires some
knowledge of how humans

perceive colors, and Schubert has in-
cluded a chapter on human vision to
explain how LEDs produce a wider
color gamut than that of displays
based on phosphors or filtered white-
light sources. Likewise, he offers a
self-contained chapter on optical com-
munication, which serves as back-
ground for the description of commu-
nications LEDs and their modulation
characteristics. 

The considerable attention paid to
resonant-cavity LEDs in chapter 10
seems disproportionate because such
LEDs are relatively rare. Still, Schu-
bert has made pioneering contribu-
tions to those devices, and this variety
of LED may become more widely used
in the future. The chapter on visible
LEDs summarizes the evolution of the
semiconductor materials, from alu-
minum gallium arsenide and nitro-
gen-doped gallium arsenide phos-
phide to the nitride and phosphide
alloys currently used to span the vis-
ible spectrum.  

The book, however, provides rela-
tively few details about the significant
differences between nitride and phos-
phide semiconductors and how they
impact visible-LED behavior. For ex-
ample, only a brief mention is made of
the apparent benefit of alloy segrega-
tion in the structurally imperfect ni-
tride semiconductors and the role
alloy segregation plays in the peculiar
efficiency of nitride LEDs. Further-
more, the large polarization fields
present in the nitride structures are
not described. However, nitride LEDs
are undergoing rapid development.
Compared with more traditional ma-
terials, they are still not well ex-
plained, so such shortcomings in the
book are understandable. 

Overall, Light-Emitting Diodes is
an excellent examination of the
physics and technology of semicon-
ductor LEDs. The narration is simple
and direct, and the book is well refer-
enced for those seeking a deeper un-
derstanding of the topic. Written for
the graduate level, the text will ap-

peal to a broad audience; and for spe-
cialists who make semiconductor
LEDs and laser diodes, it will serve as
a useful connection to the scientific
literature. The book is also accessible
to nonspecialists such as engineers
and scientists who use LEDs or to
those who simply wish to learn more
about their operation and general
characteristics.
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In the late 1950s, a
small group of physi-
cians and engineers
proposed the idea
that hearing might
be restored in pro-
foundly deaf individ-
uals through direct
electrical stimula-
tion of the auditory
nerve. At that time,
however, the otology
establishment was quite skeptical
about the possibility of restoring hear-
ing through electrical stimulation. 

But Graeme Clark, author of
Cochlear Implants: Fundamentals
and Applications, was one of those
early pioneers who was not discour-
aged by the establishment’s criticisms
or by initial failures. His lifetime of
work has had enormous impact on the
development and design of cochlear
prostheses. Thus, Clark is well posi-
tioned to tell a wonderful success
story that begins with some rudimen-
tary hearing sensations evoked by
electrical stimulation and ends with
accounts of excellent speech percep-
tion by many cochlear-implant users. 

In his 830-page book, Clark de-
scribes in great detail the develop-
ment of cochlear prostheses and 
covers all aspects of cochlear implan-
tation. The first chapter provides a
good historical summary. It begins
with a vivid description of Alessandro
Volta’s 1799 current-injection experi-
ment and follows with the competitive
efforts that have led to commercial
implants that are able to restore us-
able hearing to individuals who are
severely to profoundly hearing im-
paired. Readers will certainly notice
that the research contributions by



Clark’s group in Melbourne, Aus-
tralia, are highlighted in the chapter
titled “A History.” 

In the remaining chapters, Clark
provides a basis for understanding the
challenges researchers face regarding
the coding and transmission of acoustic
information to the auditory nerve using
electrical stimulation. These chapters
address subjects including neurobiol-
ogy, electrophysiology, psychophysics,
speech and sound processing, engi-
neering, surgical anatomy, and surgical
pathology. The author describes in de-
tail cochlear-implant surgery and the
impact of the devices on patients’ lives
after implantation. The book concludes
with his vision about important re-
maining questions and ideas for future
research. 

In some ways, Cochlear Implants is
easy to criticize. Although the book cov-
ers a number of subjects, the quality of
information presented in each chapter
varies. The clinically related topics and
the description of the cochlear-implant
electrodes are well organized. In con-
trast, the chapters on basic science
would have benefited from having ex-
perts in those fields edit or offer their
contributions to those chapters. It is
unclear why some topics are not cov-
ered or are covered only superficially,
or why Clark uses so many case reports
instead of simply summarizing results.
Moreover, the repetition of details and
frequently used jargon challenge a
broad audience. The book would have
benefited from a good editor who could
have condensed the writing and
thereby shorten the text. 

These criticisms, though, fail to
capture the real essence of Clark’s
book. His true mission is not to turn
readers into experts but, rather, make
them fall in love with the subject.
Through his personal recollections,
the author seeks to excite readers by
allowing them to participate in the ex-
periences of the early pioneers. 

Few books are available today that

summarize the field and can be used to
educate a broad audience or to teach
audiology and otology students, and
most are proceedings from scientific
conferences. Only a few books like
Clark’s have made an attempt to cover
the entire field. Examples of such ex-
cellent texts are Cochlear Implants
(College-Hill Press, 1985), edited by
Roger Gray, and Cochlear Implants:
Principles & Practices (Lippincott
Williams & Wilkins, 2000) edited by
John Niparko and others. Compared
with those earlier books, Clark adds lit-
tle new knowledge except for the many
case reports and detailed descriptions
of the development of cochlear implants
and cochlear implantation in Australia. 

Cochlear Implants: Fundamentals
and Applications, a vivid recollection
by one of the pioneers in cochlear im-
plantation, gives insight into the
struggles of implementing new tech-
nologies to help hearing-impaired in-
dividuals. It also colorfully documents
how the development of new tech-
nologies affects a field and its success. 
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The Cold Wars: A History of Super-
conductivity provides an engaging
historical narrative about the evolu-
tion of low-temperature physics with
a focus on superconductivity. The
book, written for a scientifically liter-

ate audience, is en-
riched by numer-
ous anecdotes that
illuminate the per-
sonalities of the di-
verse individuals
who played a role
in a tale that cov-
ers more than 180
years.  

Jean Matricon
participated in the theoretical group of
Pierre-Gilles de Gennes in Orsay,
France, during the “golden age” of low-
temperature physics in the 1960s;
Georges Waysand continues to conduct
experimental research on supercon-
ductivity and has had an interest in re-
lations between science and society.
The authors’ comments reveal their
views about the sociology of science
and their thoughts about increasingly
frequent conflicts between the ideal of
science for the sake of understanding
and science as a utilitarian activity
aimed at personal or national ad-
vancement. 

The story begins with Michael
Faraday’s success in liquefying chlo-
rine in 1823. Then, in 1877, Raoul
Pictet and, independently, Louis Cail-
letet liquefied oxygen. In 1908 in Lei-
den, the Netherlands, Heike Kamer-
lingh Onnes liquefied helium, which
provided the cooling needed for the
discovery of superconductivity in mer-
cury in 1911. After offering readers
this historical background, the au-
thors shift the discussion from ob-
taining “cold” to solving the mystery
of superconductivity. For example,
Matricon and Waysand give an in-
sightful account of the old controversy
surrounding Kamerlingh Onnes’s role
in the crucial experiments that led to
the discovery of a transition to zero
electrical resistance below a critical
temperature Tc (approximately 4 K
for mercury). They conclude that an
unsung hero, a graduate student
named Gilles Holst, was largely re-
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