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Introduction to the Feature Issue on Mid-Infrared
Quantum-Cascade Lasers

SEMICONDUCTOR lasers were invented in 1962, fol-
lowed by the demonstration of double-heterostructure and

quantum-well lasers. Recently, the realization of quantum-
cascade (QC) lasers is another exciting development in semi-
conductor bandgap engineering. A type-I QC laser uses the
injection of a single carrier type (electrons) into the conduc-
tion band without the involvement of holes. New physical
phenomena, such as the intrinsic broad bandwidth without re-
laxation oscillations and an extremely narrow linewidth, exist in
these lasers. Type-I QC distributed-feedback (QC-DFB) lasers
have also been realized. A type-II interband QC laser, on the
other hand, preserves the electron-hole recombination nature
for photon emission and circumvents the fast phonon scattering
loss in intraband QC lasers. Both type-I and type-II mid-IR QC
semiconductor lasers can be used in important applications in
bio-chemical trace gas sensing, medical diagnostics, free-space
communications, and IR counter measures.

In this feature section, we have seven invited papers written
by authors who have made pioneering contributions to the field.
The first three cover the physical principles, historical develop-
ments, and recent breakthroughs in type-I QC lasers. Capassoet
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al.start with a brief history, fundamental physics, new designs,
and a few highlights of QC lasers, including mid-infrared wire-
less communication links. Faistet al.and Sirtoriet al.cover re-
cent achievements, including high-power, high-temperature op-
eration, as well as discuss the physics, technology, and future
prospects of QC lasers. The next paper, by Yanget al., provides
a comprehensive overview of the history, realization, device per-
formance, and advancement of type-II QC lasers. The last three
papers deal with QC-DFB lasers, another major achievement
in the field. The paper by Gmachlet al. presents detailed de-
sign physics and device performance of QC-DFB lasers, which
have been successfully shown to operate as ultra-high precision
spectroscopic sources for mid-infrared gas sensing, as is well
described in the following paper by Kosterev and Tittel. The
last paper, by Vurgaftman and Meyer, deals with a new design
(and analysis) of photonic-crystal QC-DFB lasers. We believe
that many more exciting and novel developments will continue
to appear in this field.

SHUN LIEN CHUANG, Guest Editor
University of Illinois
Dept. Electrical and Computer Engineering
Urbana, IL 61801 USA

Shun Lien Chuang(S’78–M’82–SM’88–F’97) received the B.S. degree in electrical engineering
from National Taiwan University, Taiwan, R.O.C., in 1976, and the M.S., E.E., and Ph.D. degrees
in electrical engineering from the Massachusetts Institute of Technology, Cambridge, in 1980,
1981, and 1983, respectively.

In 1983, he joined the Department of Electrical and Computer Engineering at the University
of Illinois at Urbana-Champaign, where he is currently a Professor. He was a resident visitor
at AT&T Bell Laboratories, Holmdel, NJ, in 1989, and a Consultant at Bellcore and Polaroid
in 1991. He was a Senior Visiting Professor (Sabbatical Chair) at the SONY Research Center
in 1995 and an Invited Professor at NTT Basic Research Laboratories in 1997. He was also a
visitor at NASA Ames Research Center and Fujitsu Research Laboratories during the summers of
1999 and 2000, respectively. He is conducting research on strained quantum-well semiconductor
lasers, modulators, infrared detectors, fiber-optic sensors, and optical networks. He is leading a
multidisciplinary university research initiative (MURI) team conducting research on fundamental

issues of infrared photodetectors and a NSF-ITR group project on high-speed wavelength agile optical networks. He is the author
of Physics of Optoelectronic Devices (New York: Wiley, 1995), and has published more than 200 journal and conference papers
and given many invited talks at conferences and institutions.

Dr. Chuang is an Associate Editor of the IEEE JOURNAL OF QUANTUM ELECTRONICS. He was a Feature Editor for a Special
Issue on Terahertz Generation, Physics and Applications in theJournal of Optical Society of America Bin 1994. He received the
Andersen Consulting Award for Excellence in Advising in 1994 and was selected as an Associate at the Center for Advanced Study
at the University of Illinois in 1995. He was also awarded a Fellowship from the Japan Society for the Promotion of Science to
visit the University of Tokyo in 1996. He is a Fellow of the Optical Society of America, and a member of the American Physical
Society.

0018-9197/02$17.00 © 2002 IEEE


	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 
	Intentional blank: This page is intentionally blank


