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Preface

Scope and purpose

Semiconductor diode lasers have developed dramatically in the last decade as key
components in a host of new applications, with optical fibre communications and data
storage devices as the original and main driving forces behind the enormous progress
in diode laser technologies. The increase of laser output power, accompanied by
improved laser reliability and widened laser wavelength range in all single-emitter and
multi-element emitter devices, gave rise to the penetration of diode lasers into other
mass-markets and emerging applications, such as laser pumping, reprographics, data
recording, displays, metrology, medical therapy, materials processing, sophisticated
weaponry, and free-space communications. As a consequence, diode lasers continue
to represent a high percentage of the worldwide commercial laser revenues, 51% of
the $6.4B in 2010 with 10% growth forecasted for 2011 (Laser Focus World, 2011)".
Huge progress has been made in high power, single transverse mode lasers over
recent years, followed by new applications and along with increased requirements
for device engineering, reliability engineering and device diagnostics.

This book is a fully integrated novel approach, covering the three closely con-
nected fields of diode laser engineering, reliability engineering and diagnostics in
their development context, correlation and interdependence. It is exactly the blend of
the underlying basic physics and practical realization, with its all-embracing, com-
plementary issues and topics that has not been dealt with so far in the current book
literature in this unique way. This includes practical, problem-related design guide-
lines as well as degradation-, reliability- and diagnostic-related aspects and issues
for developing diode laser products operating in single transverse mode with high
power and reliability. And it is this gap in the existing book literature, that is, the
gap between device physics in the all-embracing context, and the practical issues
of real device exploitation, which is going to be filled by the publication on hand.
Research and practical experience gained in industry and higher level education have
provided a lot of empirical evidence that the market is in need of a book to fill
this gap.

! Laser Focus World, (201 1). Laser Markets - Annual Review and Forecast: in eNewsletter, February
8,2011
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The book provides a novel approach to the development of high power, single
transverse mode, edge-emitting (in-plane) diode lasers, through addressing the com-
plementary topics of device engineering (Part I), reliability engineering (Part II) and
device diagnostics (Part III) in altogether nine chapters. Diode laser fundamentals
and standard material, fabrication and packaging issues are discussed first. In a sub-
sequent section a comprehensive and elaborate account is given on approaches and
techniques for designing diode lasers, emitting high optical power in single transverse
mode or diffraction limited beams. This is followed by a detailed treatment of the
origins of laser degradation including catastrophic optical damage and an exploration
of the engineering means to address for effective remedies and enhanced optical
strength. The discussion covers also stability criteria of critical diode laser charac-
teristics and key laser robustness factors. Clear design considerations are discussed
in great detail in the context of reliability-related concepts and models, and along
with typical programs for reliability tests and growth. A final extended third part of
advanced diagnostic methods covers in depth and breadth, for the first time in book
literature, functionality-impacting factors such as temperature, stress and material
instabilities. It also presents the basics of those diagnostic approaches and techniques
and discusses the diagnostic results in conjunction with laser product improvement
procedures.

Main features

Among the main features characterizing this book are, that it is:

1. Providing a novel approach of high power, single transverse mode, in-plane
diode laser development by addressing the three complementary areas of de-
vice engineering, reliability engineering and device diagnostics in the same
book and thus closes the gap in the current book literature.

2. Addressing not only narrow stripe lasers, but also other single-element and
multi-element diode laser devices, such as broad area lasers, unstable resonator
lasers, tapered amplifier lasers, phase-locked coherent linear laser arrays and
high power incoherent standard 1 cm laser bars, designed by applying the
various known principles to achieve high power emission in a single transverse
mode or diffraction-limited beam.

3. Furnishing comprehensive practical, problem-oriented guidelines and design
considerations by taking into account also reliability related effects, key laser
robustness factors, and functionality impacting factors such as temperature,
stress and material instabilities, and dealing with issues of fabrication and
packaging technologies.

4. Discussing for the first time in depth and breadth diagnostic investigations of
diode lasers, and using the results for improving design, growth and processing
of the laser device in the development phase.
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5. Covering in detail the basics of the diagnostic approaches and techniques,
many of which pioneered by the author to be fit-for-purpose, and indicating the
applicability of these techniques and approaches to other optical and electrical
devices.

6. Demonstrating significance of correlations between laser operating character-
istics and material parameters, and showing how to investigate and resolve
effectively thermal management issues in laser cavities and mirrors.

7. Providing in-depth insight into laser degradation modes including catastrophic
optical damage, and covering a wide range of concepts and technologies to
increase the optical robustness of diode lasers.

8. Discussing extensively fundamental concepts and techniques of laser reliabil-
ity engineering, and providing for the first time in a book details on setting up
and operating a typical diode laser reliability test program used in industry for
product qualification.

9. Representing an invaluable resource for professionals in industry and academia
engaged in diode laser product R&D, for academics, teachers and post-
graduates for higher educational purposes, and for interested undergraduates
to gain first insights into the aspects and issues of diode laser technologies.

10. Featuring two hundred figures and tables illustrating numerous aspects of diode
laser engineering, fabrication, packaging, reliability, performance, diagnostics
and applications, and an extensive list of references to all addressed technical
topics at the end of each of the nine chapters.

Addressed niche markets

The underlying synergetic laser development approach will make this much needed
guidebook, a kind of vade mecum of high practical relevance, a great benefit to a
broad worldwide readership in industry, higher education, and academic research.
Professionals including, researchers and engineers in optoelectronics industries who
work on the development of high quality, diode laser products, operating in single
transverse mode with high optical output power and high reliability, will regard
this book as an invaluable reference and essential source of information. The book
will also be extremely useful for academics, teachers and post-graduates for higher
educational purposes or satisfying their requirements, if they are just interested in
gaining first insights into the aspects and issues associated with the optimization of
these diode laser products.

Book context

The book is based primarily on the author’s many years of extensive and com-
plex experience in diode laser engineering, reliability and diagnostics. The author
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accumulated his highly specialized knowledge and skills in hands-on and managerial
roles both in global and start-up companies in cutting-edge optoelectronics indus-
tries, including IBM, Hewlett-Packard, Agilent Technologies, and IBM/JIDSU Laser
Enterprise (today part of Oclaro) — starting in the early nineties with his decisive
and formative collaboration, as core member of the Laser Enterprise team, the spin-
out of IBM Research, pioneering and commercializing its pre-eminent 980-nm pump
laser technology for applications in terrestrial and submarine optical communications
networks.

The inspiration to write exactly this book has come from the author’s extensive
semiconductor consulting experience, providing a realistic insight into the very ob-
vious need for a practical, synergetic approach to diode laser development, along
with the realization that there has not been any such publication available yet to meet
these needs - both at industry and higher educational level. The author is confident,
therefore, that the book on hand will be welcomed worldwide by the addressed,
specialized readership with high, and growing demand, so that further editions are
required much earlier than expected.
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