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The
commercialization
of aluminum-free
diode lasers
opens a new era
of high-power
semiconductor
lasers.

by Geoff- Burnham,

Semiconductor
Laser International

Aluminum-Free

Diode Lasers

igh-power  semiconductor
lasers emilting at near-in-
frared wavelengths (typically
780 to 1000 nm) have been
found a significant number of
applications, such as selid-
stata  laser  pumping, printing,
imaging, and several military applica-
tions. Mare and more applications will
be emerging as the laser diodes be-
come more cost-effective and reliable,
At present, most of the high-power
near-infrared dicde lasers use Al-
CGaAs/CaAs material as the gain
medism to generate laser beams.
based on the historical development of
diode laser technclogy, But the use of
Al-containing semiconductor material
for laser diodes can limit the output
power and lifetime of the diode lasers
themselves, because of certain material
disadvantages, such as a Jow cata-
strophic  optical damage (COD)
threshold,! and device degradation
caused by the formation of dark-Tine
defects.? A low COD level limits the
maximum cptical power that can be
extracted from the laser diode,
Dark-line defects and their growth
during laser aperation are the major de-
vice failure mechanism for AlGass-
based semiconductor lasars. Further-
mare, growth of dark-line defects & ac-
celerated if the laser is operated at high
levels of injection current, which is typi-
cally the case of high-power lager opera-
tion. Ancther disadvantage of using Al-
Gais material is the relative difficulty of
material regrowth, which is usually re-
quired to make distributed-feedback
(DFE) or other advanced laser strachunes.
The growth of [nGaAsP quaternary
tnalerial, lattice-matehed to a GaAs sub-
strate, is wery attractive as an alu-
minum-free alternative to the conven-
tional AlGaAs-based materials for semis
conductor laser diodes. By canefully
choosing the material composition, the
InGaAsi* matesial covers most of the Al-
GaAs laser wavelengths, from 700 ta
W0 nm, Four primary distinguishing
fentures of the [nCaAsP Al-free material
system for the realization of reliable,
high power diode laser spurces exist.
First, retardation or even elimination
of the growth of dark-line defects con-
siderably improves device reliability
and expected operational  lifetime.
Second, a significant increase of the
COD level (due to a meduction in facet
heating) raises the limit of the max.
imum output power and allows direct
operation of the laser divdes without
spesial facet coatings. Third, higher elec-

trical and thermal con-
ductivity, as compared
with AlGaAs material,
reduce the individual
laser davice's series resis-
tance and thermal resis-
tance, respectively,
which significantly im-
proves devices' thermal
performarnces, Fourth,
the low meactivity of In-
CaAsT to axygen facili-
tates yegrowth for the
fabrication of advanced
laser structures such as
DFE lasers.

The advantages of the
Alfree materal over oo
wentional AlCaAs material
have attracted signifieant intezests of de-
veloping high-power Al-free semicon-
ductor lasers for begh-reliability opeatons.

Resuits With Al-Free Lasers

Utilizing aluminumefree Jaser mate-
rial greatly improves laser performance
and dramaticallv increases the power
levels which in turn resulls in increased
power capabilities of light emitted by
the diode laser. Recent experimental re-
sults have shown extremely high
power output and excellent lifetime
from these aluminumefree lasers.

The Center for Quantum Devices at
Morthwestern University (Evanston,
111}, has achieved operation at &0° C,
with 1 W of output power from a 100-
pm-emitting aperture, over a device
lifetime af 30,000 hours without any
degradation in output poswer or
change in wavelength, threshold cur-
rent, or efficiency” These devices do
not have any facet <oating. Another re-
search group at University of Wis-
comgin (Madison, Wisc) recently re-
ported as high as 8.1 W of ow output
power from a sin$le 100-um, wide-
stripe, Al-free lazer.

Tha rapidly improving performances
of aluminum-fres laser dicdes indicate
that a new era of high-power semicon-
ductor laser i3 here. Aluminum-free
laser diodes will eventually replace Al-

GaAs lasers for many high-power’

high-reliability applications.

SLI's-Al-free laser products

Semiconductoer  Laser  [nternational
Corpuration {SLI, founded in 1993, is
dedicated to the production of high-
power semiconductor lasers at low
cast, a5 well aste the research apd Jde=
velppment of novel =emiconductor
laser svstemns, [ addition to standard

Dlade lasars fram waters to flnlshed
praducts.

lazer dinde pmduchj in various pack-
aging cenfigurations, SLI supplies
custom fiber- pigtailed packages for
single-chip, single-bar, and multi-bar
arrays. High-power, single-spatial-
mode lasers utilizing ridge-waveguide
structure have alse been developed.

In October 1996 511 was granted an
exclusive license from Morthwestern
University's Center for Quantum De-
vices, to develop, manufacture, market
and seil aluminum-free, high-power
sermiconductor lasers worldwide.

Genff Burnhart is president of Semi-
comductor Laser Intermational, 15 Link
Drive, Binghamtar, NY 13904, Tele-
phone is G077 22-3800.
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