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he light-emitting diode (LED) has found its way into almost every
electrical gadget on our planet and is currently elbowing aside all

other forms of lighting, including the iconic incandescent light

bulb that Thomas Edison
created ~130 years ago. Today, LEDs
are all around us. Some of the most
common applications include general
lighting, architectural lighting, traffic
lights, automotive lighting, flash-
lights, remote controls, large-scale
displays, signage, LED TVs and com-
puter displays, and status indicators
on devices such as cell phones, and
even in “picoprojectors.” The year
2012 marked the 50th anniversary of
the 1962 demonstration of the first
visible LEDs (Fig. 1) and semiconduc-
tor diode lasers (Fig. 2) composed of
alloy compound semiconductors [1].

Dedicated to the
celebration of the 50th
anniversary of the LED,
the articles in this special
issue provide a historical
perspective as well as
current and future
trends in LEDs.

LEDs possess many advantages over conventional light sources, including

efficiency, light/power density, reliability, and form factor (for styling and
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efficiency). As a result, LEDs com-
prise a growing > $10 billion business
and either are or are rapidly becoming
the dominant lighting source in many
applications. LEDs are providing
enormous value in energy savings
and are on track to reduce the world’s
total electricity consumption by >
10% as they displace conventional
lighting sources over the next few
decades. The efficiency improvement
in commercial LEDs has been dra-
matic over the last 50 years, increas-
ing over three orders of magnitude
from 0.1 Im/W and now is at a level
that is competing with conventional
lighting sources, as shown in Fig. 3."
Warm-white LEDs have been de-
monstrated in the laboratory with

Data courtesy of M. Krames of Soraa, Inc.
(Fremont, CA, USA).
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Fig. 1. Photograph of one of the first practical LEDs: A GaAsP red-emitting LED developed by
Nick Holonyak, Jr. while working at General Electric.

efficiencies > 200 lm/W [2], a much
higher efficiency than any other man-
made high-quality white light source
available today.

Moreover, the historical demon-
stration of the first visible LED and
visible diode lasers (made in GaAsP)
demonstrated the viability of alloy
The
alloy compound semiconductor is the

compound semiconductors [1].

foundation for virtually every III-V

optoelectronic device and many elec-
tronic devices, including: lasers, pho-
todetectors, semiconductor optical
amplifiers, heterostructure bipolar
transistors, and high electron mobility
transistors. All of these devices criti-
cally rely on the III-V alloy as a basis
for their design. Furthermore, these
components form the foundation and
basis for much of today’s communica-
tions infrastructure (wired and wire-

Fig. 2. Photograph of the first (1962) red-spectrum GaAsP alloy diode laser developed by
Prof. Nick Holonyak, Jr. at General Electric.
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less) and connect billions of people
across the globe.

This Special Issue of the PROCEED-
INGs oF THE IEEE is dedicated to the
celebration of “The 50th anniversary
of the LED: An ultimate lamp” [3].
The invited contributors provide a
historical perspective as well as cur-
rent and future trends in LEDs and
the associated enabling technologies
that impact the realization of “an ulti-
mate lamp.” The volume begins
with a historical perspective on the
III-V alloy diode laser and LED by
Holonyak, Jr., who describes why the
LED is an “ultimate lamp.” This is
followed by a paper in which Craford
describes the development of LEDs,
starting with Holonyak’s < 0.1-lm/W
red-emitting LED and progressing to
> 100-lm/W white sources that are
now competing with conventional il-
lumination sources. Like the alloy
compound semiconductor, the hete-
rostructure is a ubiquitous element of
almost every optoelectronic device. In
separate papers, Alferov and Kroemer
provide their perspective on the de-
velopment and impact of the hetero-
structure on optoelectronic devices.

The development of some of the
critical technologies for LEDs is de-
scribed in the next series of papers.
The development of metalorganic
chemical vapor deposition (MOCVD)
and quantum-well heterostructures is
described by Dupuis. This is followed
by separate papers by Akasaki, and
Nakamura and Krames that describe
the development of GaN technology
and LEDs. The later paper also de-
scribes a new emerging area of GaN
LED technology wherein the LEDs
utilize a native GaN substrate. The
development of GaN substrate tech-
nology is further described in a subse-
quent paper by Nakamura and Motoki.

Several major extensions of the
alloy semiconductor and LED and
diode laser technology have been de-
veloped that offer, or have done so
already, the potential to substantially
impact the world. The development,
physics, and progress of the vertical-
cavity surface-emitting laser (VCSEL)
are described in a paper by Iga. This is
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Fig. 3. Evolution of luminous efficiency versus time (lumens per electrical watt) for commercial
“warm white” (2700-4100 K) LED products as well as a projected performance based on
information compiled for the U.S. Department of Energy. At right, typical luminous efficiencies
areindicated for conventional lighting technologies. Over the next several decades, the efficiency
of LEDs is expected to outpace most conventional lighting technologies, making the LED

“an ultimate lamp,” [3].

followed by a paper by Dallesasse and
Deppe that describe one of the key
enabling technologies for many high-
performance VCSELs: the oxidation
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