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I n the popular imagination, the laser is
an apparition from the world of sci-
ence fiction: a large piece of complex

equipment, capped by a tube which shoots
out a metal-vaporizing beam of bright red
light. In reality, however, the laser that’s
playing the liveliest role in an increasingly
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diverse market is a tiny chip of semicon-
ductor material, the diode laser.

That’s not to say that older, larger laser
technologies don’t still have an important
role to play. Carbon-dioxide lasers, ex-
cimer lasers, helium-neon and helium-
cadmium lasers are still widely used in in-

dustry, scientific instrumentation, and
medicine. But diode lasers, most of which
are employed in telecommunications sys-
tems, represent the biggest and fastest
growing segment of the market.

Each year, Laser Focus World (LFW),
and its sister publications Optoelectronics
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will be looking instead to use them as
spares that can be locked to any wave-
length to replace single-wavelength lasers.
She predicts that 10% of the telecom lasers
sold this year will be tunable, a percentage
that will grow to 20% of a $2.125 billion
market in 2003, and to almost 75% of a
$3.1 billion market in 2005.

But Tom Hausken of Strategies Unlim-
ited is more conservative: he sees the mar-
ket share held by tunable lasers reaching
only $400 million by 2005.“The technolo-
gy is just making it to telecom quality lev-
els,” he says, and carriers with huge invest-
ments in their networks tend to be conser-
vative. Besides, he says, in today’s market,
including both telecom and datacom, less
than 5% of communications lasers are
used for WDM.

A technology in the early stages is the
quantum dot laser, which uses structures 
a few nanometers wide within the laser 
cavity to provide tuning. Such devices
would require fewer components and less
cooling, and thus could be much less 
expensive.

One newer type of diode laser is the
vertical-cavity, surface-emitting laser 
(VCSEL), which at shorter wavelengths
has displaced edge-emitting lasers. “It
would be nice to have VCSELs that could
be either at 1.3 or 1.5 �m,” says Don
Scifres, chief strategy officer at JDS
Uniphase (Ottawa, Ontario, Canada).
Those are the wavelengths that long-haul
communications use. Shorter-wavelength
VCSELs, at 850 nm, are popular for Giga-
bit Ethernet and Fibre Channel protocols
for short-distance transmission.

“VCSELs have won the battle and won
the war in the short wavelength,” says
Hausken. “In the long wavelength, it’s still
edge emitters.” To edge out edge emitters,
longer wavelength VCSELs will have to be-
come cheaper, but the edge emitters are al-
ready so well established that it may be dif-
ficult to oust them, Hausken says.

Optical storage, another 
key growth sector
The optical storage industry constitutes
the second largest market for diode lasers.
LFW predicts that sales of lasers for optical
storage systems—including CD players,
CD-ROM drives, DVDs, and video
games—will total $815 million this year.
Steele says that last year, for the first time,
sales of the newer 650-nm lasers used in
DVDs surpassed sales of 780-nm lasers for

CDs; the total was $330 million for 650-
nm lasers, as compared to $300 million for
780-nm lasers. Since a 780-nm units cost
about a third as much as a 650-nm device,
780-nm lasers are still ahead by volume.
Audio CD players are not likely to disap-
pear soon, so those lasers will stay around,
but as DVD players and DVD-ROM drives
continue to grow in popularity, the visible
lasers used in such systems are barreling
ahead.

Nearing commercialization are galli-
um-nitride lasers emitting in the blue and
ultraviolet. Cree, Inc. (Durham, North
Carolina) has demonstrated a 405-nm
laser emitting 3 mW that lasts 10,000
hours, the minimum lifetime needed for a
device to be commercially viable. These
lasers will need to reach 30 to 35 mW for
recording applications. At that point,
they’d enable hard drives that store 27
Gbytes, compared to 4.7 Gbytes, for cur-
rent DVDs. Unlike today’s DVDs, the
DVDs of the future would be fully record-
able, and could hold about 40 hours of
conventional television or two hours of
high-definition television.

“It’s getting intriguing, but I think it
will be a few years before that market real-
ly develops,” Steele says.

Another area in which diode lasers are
making inroads is in pumping solid-state
lasers with outputs of 50 W or less. “In a
sense, solid-state lasers take the crummy
but high-power beam out of the semicon-
ductor and change it into a high-quality
beam,” says Peter Moulton, vice president
and chief technology officer at Qpeak Ap-
plied Photonic Systems (Bedford, Massa-
chusetts). Diodes, which pump over a nar-
rower range than the lamps that have tra-
ditionally powered solid-state lasers, are
more efficient, more rugged, and more
compact. Because of their size, the systems
in which they are used can also be smaller.

“There’s definitely a lot of growth in
the diode-pumped solid-state area,” agrees
Guy Broadbent, president of optical tech-
nologies at Thermo Electron (Waltham,
Massachusetts), which earlier this year be-
came full owner of leading laser manufac-
turer Spectra-Physics (Mountain View,
California). “It all really comes down to
productivity—the amount of dollars per
photon.”

Whether diodes replace lamps often
comes down to an issue of expense. On
one hand, diodes can last 5,000-10,000
hours, as opposed to 1,000 hours for a
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Report, Medical Laser Report, and Industri-
al Laser Solutions, survey the worldwide
laser market. Along with Strategies Unlim-
ited (Mountain View, California), a mar-
ket analysis firm owned by LFW’s parent
corporation, PennWell, they publish a
summary of the previous year’s laser mar-
ket sales, as well as projections for the cur-
rent year. OPN thanks Laser Focus World
and its publisher for granting us permis-
sion to use the statistics from its “Annual
Survey of the Laser Marketplace” as the
basis for this article.

Diode lasers:
riding the telecom wave
In 2000, LFW found, diode lasers made up
75% of an $8.8 billion worldwide laser
market. With the downturn in the world
economy and the bursting of the telecom
bubble, the market dropped to an estimat-
ed $5.6 billion. Diode lasers, however, re-
tained a 65% share of total revenues.
The magazine projects that the market will
grow to $6.2 billion this year, and that
diode lasers will account for 67% of
revenues.

“The overriding theme across every
arena is that diode lasers are pushing every
other type of laser aside, as soon as they
get the opportunity to do so,” says Stephen
Anderson, LFW editor-in-chief and co-
author of the report. It’s natural that diode
lasers will win out if they can provide suf-
ficient beam quality, enough power, and
the right wavelength—in a smaller space
and at a lower cost, to boot.

Much of the success of diodes comes
from the telecommunications boom. “It
had a huge impact on the market,” says
Robert Steele, an analyst at Strategies Un-
limited. Telecom lasers grew 130% from
1999 to 2000, Steele said, while the non-
diode market tends to grow at 10-15% a
year. He projects that 7,070,000 diode
lasers—generating $2.9 billion in rev-
enues—will be sold for telecom uses 
this year.

One new type of diode laser that could
see increased use in telecom is the tunable
laser, which long-distance carriers could
install in their wavelength division multi-
plexing (WDM) systems. Such lasers can
be tuned to individual frequencies to push
more data channels down the fiber-optic
line. But Nancee Ruzicka, an analyst at the
Yankee Group, says initial purchases of
tunable lasers will not be for systems that
switch wavelengths at will. She says buyers



lamp. On the other hand, says David
Belforte, editor of Industrial Laser Solu-
tions, “you can make a lot of lamp changes
for $21,000 in re-diode costs.”

Still plugging along
Telecommunications is exclusively the
province of diode lasers, and optical stor-
age mostly so, but many other areas are a
mix of types, and non-diode lasers hold
their own in plenty of places. Some tradi-
tional lasers aren’t the workhorses they
used to be, but many are holding on.

“They’ve been around a long time,
some of these lasers, 20, 35 years. But they
work,” says Belforte.

A case in point is the carbon-dioxide
laser, which Belforte describes as “just
perking along.” LFW projects sales of
10,040 sealed CO2 lasers, or $117.4 million
worth, and 3,180 flowing CO2 lasers, for a
total of $439 million. The flowing lasers
are used mostly for materials processing,
with some basic scientific research, while
the sealed lasers are used in those same ap-
plications, as well as in medical therapeu-
tics and sensing.

New uses have popped up for these
“old” lasers. Paul Crosby, vice president of
marketing at Coherent, says the textile in-
dustry has started to use them to artificial-
ly fade denim. In the electronics world,
where devices are shrinking, CO2 lasers

can drill tiny holes that cannot be drilled
mechanically. They’re also being used to
machine newly created plastic materials.
“That’s an example of an old technology
many people had written off—perhaps
that’s too strong a term—which may get a
new lease of life because the materials with
which it is interacting are evolving,” says
Anderson.

Other types of lasers are faring less
well. “The helium-neon laser is a dying
breed, even though that’s probably the
laser most people think of when they
think of a laser,” says Anthony Siegman, a
professor emeritus at Stanford University
and past president of the Optical Society
of America. The red HeNe has mostly
been replaced by red diodes, which are
smaller and cheaper. Bar code scanners,
for instance, which once relied on the
HeNe, have switched to diodes, which has
allowed them to evolve from fixed, built-in
systems to handheld wands. Anderson says
the HeNe survives in applications that re-
quire a 532-nm green beam, which is not
easy to achieve with a diode. He believes
the HeNe has plateaued at a low level
where it’s likely to remain.

“Ion lasers, I think, are definitely on
their way down,” Anderson says, and are
being displaced by diode-pumped lasers.
“I would say the argon laser’s under the
most direct attack.” He cites Coherent’s
new optically pumped semiconductor

laser (OPSL), which produces 488-nm
output for lithography. The OPSL is a 
VCSEL pumped by a semiconductor, fre-
quency doubled to achieve the desired
wavelength. Coherent’s Crosby says the
device is smaller, more efficient, and pro-
duces less heat. “This really is the begin-
ning of the end of the air-cooled ion laser,”
Crosby says.

Drop in laser sales for medicine 
In the medical market, the LFW survey
found a decline in laser sales for the first
time in a decade. The reason, says Kathy
Kincade, editor of Medical Laser Report, is
that the market is saturated, and new ap-
plications are still in the research and de-
velopment stage.

Cosmetic surgery, including popular
eye treatments, accounts for most of the
medical laser market. In 2001, according
to the American Society for Aesthetic Cos-
metic Surgery, more than 850,000 laser
hair removal treatments were performed
in the U.S. But because these procedures—
as well as the removal of birthmarks, tat-
toos, wrinkles, and veins—are elective and
therefore not covered by insurance, when
the economy slowed so did demand.

As a surgical instrument, the laser 
hasn’t fared too well.“It’s still really expen-
sive compared to what a scalpel can do,
and there’s a learning curve,” Kincade says.
Electrosurgery, which uses an electrical
current to cut, has proven as effective as
lasers, and at a lower cost.

Coherent sold its medical unit so it
could focus on other laser types, Crosby
says. But he still sees potential for growth
in the field, with lasers being used in new
treatments for age-related macular degen-
eration—the leading cause of blindness—
and enlarged prostate. Kincade agrees. Ba-
sic research into how lasers can affect tis-
sue at the cellular and subcellular levels,
and advances in photodynamic therapy,
which combines laser energy with targeted
chemicals, may open up new applications,
she says.
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“Nobody sells 
lasers anymore:

they sell solutions.”

High-power, narrow-linewidth tunable laser in the visible. In some areas, such as high-average-power gen-
eration, traditional lasers have not been replaced in industrial applications. [From F. J. Duarte and J.A. Piper,
Appl. Opt. 23, 1391- 4 (1984)].

— David Belforte, Editor
Industrial Laser Solutions



The biotechnology market, driven by a
need for instrumentation to perform
DNA sequencing, cell sorting, and the like,
is increasingly turning to lasers. “We’re
seeing much more of an interest in laser
technology in the life sciences than has
been true in the past,” Crosby says.

In the industrial market, new opportu-
nities continue to emerge. Crosby cites the
shift by the automotive industry to alu-
minum as the basic material for car bod-
ies. Neodymium:YAG lasers work well at
cutting and welding aluminum. Bars of
diodes are being used for welding and sol-
dering, applications in which the quality
of the beam is of less importance. Belforte
says direct diodes are moving into some
low-power industrial applications, such as
marking. He expects that as power, beam
quality, and cost improve, they’ll move
into other direct applications.

A relative newcomer to the market is
the ultrafast laser, which emits pulses last-

ing only a femtosecond. Such ultrashort
pulses can affect material at the point at
which the beam touches, but—given their
short duration—without transferring en-
ergy to surrounding material. Lawrence
Livermore National Laboratory has used
an ultrafast laser to cut explosives without
setting them off. The technology could
also have benefits for materials processing
and dealing with biological samples. An
ultrafast laser system used to take up an
entire optical table and was pumped with
an ion laser. Now, Thermo Electron sells a
diode-pumped femtosecond Ti:sapphire
laser that comes in a single box and is
computer-controlled. “That makes a very
complex technology, from a physics point
of view, easy to use for, say, a biologist,”
says Broadbent.

With the wide range of output powers,
wavelengths, and modes available, Ander-
son says equipment makers no longer look
at the physics of the laser and consider

what they can do with it. They look at the
problem they need to solve and ask which
laser to use.

“Nobody sells lasers anymore,” says
Belforte. They sell solutions. The cus-
tomers “don’t even care what’s inside the
black box. They don’t even ask,” he says.
“‘How much is it going to cost me to do
this?’ is what they ask now.”

Despite the general economic slow-
down, as well as the occasional shifts in
market shares between competing laser
technologies, Anderson believes revenues
for the industry overall will keep growing
at pretty much the same pace it has been,
leaving aside the upspike from the telecom
bubble.

“My sense,” he says,“is that the laser in-
dustry, if there is such a thing, is healthy.”

Neil Savage is a science and technology writer based
in Massachusetts. He can be reached by e-mail at 
savage@nasw.org.
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