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High-performance and high-temperature continuous-wave-operation
1300 nm InGaAsN quantum well lasers by organometallic vapor
phase epitaxy
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Comtinuous-wave ~cw! operation of organometallic vapor phase epitaxy-grown
In0.4Ga0.6As0.995N0.005 quantum well ~QW! lasers has been realized, at a room-temperature
near-threshold emission wavelength of 1.295mm, with a threshold-current density of 220 A/cm2 for
2000mm cavity-length (Lcav) devices. A threshold current density of only 615 A/cm2 was achieved
for cw operation at a temperature of 100 °C, with an emission wavelength of 1.331mm. A maximum
cw-output power of 1.8 W was obtained for InGaAsN QW lasers with cavity lengths of 1000 and
2000 mm, at a heat-sink temperature of 20 °C. ©2003 American Institute of Physics.
@DOI: 10.1063/1.1591238#
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The InGaAsN quantum well~QW! active region1–15on a
GaAs substrate is a very promising alternative to the conv
tional InP-based technology16,17 for realizing high-
performance, high-temperature operation 1300 nm diode
sers. Conventional 1300 nm InGaAsP–InP lasers suffer f
poor lasing performance at elevated temperature. This
been attributed to various mechanisms including Auger
combination, carrier leakage, intervalence-band absorpt
and temperature-sensitive gain. Recently, organometallic
por phase epitaxy~OMVPE! has been pursued extensively
achieve high performance InGaAsN QW lasers.3–7 Only re-
cently, OMVPE-grown InGaAsN QW lasers3–7 operating at
l51300 nm have demonstrated performance compar
with the InGaAsN QW lasers grown with molecular bea
epitaxy.8–12

We report the realization of very-low threshold-curre
density (Jth) cw operation of strain-compensated OMVPE
InGaAsN QW lasers with a room-temperature (T520 °C!
near-threshold emission wavelength of 1.295mm, up to op-
eration temperatures of 100 °C. Threshold current den
values, under cw operation and at an operation tempera
of 100 °C, of only 615 A/cm2 were measured for InGaAsN
QW lasers at a wavelength of 1.331mm. A comparison of
our OMVPE-grown InGaAsN QW lasers with existing pu
lished data from high performance 1300 nm QW lasers us
conventional InP technology is also presented.

All the laser structures here were grown by low-press
OMVPE. The group-V precursors are arsine (AsH3) and
phosphine (PH3). The group-III precursors are the trimeth
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~TM–! sources of gallium~Ga!, aluminum~Al !, and indium
~In!. The N- precursor is commercial U-dimethylhydrazin
~U–DMHy!, and was used without any further treatment
purification process. The dopant sources are SiH4 and dielth-
ylzinc ~DEZn! for the n andp dopants, respectively.

The laser structures studied here, as shown in Fig
consist of a 60 Å (Da/a52.7%) In0.4Ga0.6As0.995N0.005

single-QW active layer with GaAs layers bounding the Q
Partial strain compensation of the highly strained InGaA
QW2,3,13,14 is achieved by utilizing GaAs0.85P0.15 tensile-
strained layers offset from the QW,2 and a tensile-strained
buffer layer of GaAs0.67P0.33

2,3 as shown in Fig. 1. The ben
efit and purpose of the various strain compensating lay
have been demonstrated and elaborated on in our ea
studies,2,3 where we reported improved luminescence for t
InGaAsN QW-active region employing the tensile-strain
barriers and buffer layer. The lower- and top-cladding lay

FIG. 1. Schematic energy band diagram for th
In0.4Ga0.6As0.995N0.005– GaAs0.85P0.15 QW laser structure with a tensile
strained buffer layer consisting of 30 Å GaAs0.67P0.33.
© 2003 American Institute of Physics
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of the lasers consist of Al0.74Ga0.26As layers with doping
levels of 131018 cm23 for both then- andp-cladding lay-
ers, respectively. The growth temperatures of then- and
p-Al0.74Ga0.26As are 775 and 640 °C, respectively. The a
nealing of the InGaAsN QW is accomplished during t
growth of the top cladding layer at a temperature of 640
with duration of approximately 27 min. Because of the lo
incorporation efficiency of N into the InGaAsN QW, a ve
large@DMHy#/V ratio ~as high as 0.961! is required to incor-
porate sufficient N into the QW to push the emission wa
length to 1300 nm, resulting in the requirement of
@AsH3#/III ratio as low as 13–20.3

The 1300 nm InGaAsN QW lasers were characterized
measuring broad-area lasers with a stripe-width (w) of 100
mm and various cavity lengths (Lcav). Under pulsed condi-
tions ~pulse width of 6ms, and 1% duty cycle! these devices
demonstrate extremely low threshold-current density, w
Jth as low as 211 and 453 A/cm2 for cavity lengths of 2000
and 500mm, respectively. All of the pulsed characteristics
these lasers have been summarized in Table I of Ref. 3.

The cw operation characteristics of the InGaAsN Q
lasers were measured from devices with facet coatings
high-reflective~HR! and antireflective~AR! layers. The HR
layers consist of three pairs of Al2O3 /Si with reflectivity in
excess of 95%, and the AR layer was formed by a sin
layer of Al2O3 with reflectivity estimated to be in the rang
of 7%–10%. Devices with cavity-lengths of 1000–2000mm
were mounted junction down on copper heatsinks, and t
were measured under cw operation at temperatures in
range of 10–100 °C.

The measured cw output-power (Pout) characteristics, as
a function of the injected-current (I ) and the heat-sink tem
perature (T), are shown in Fig. 2. The cw characteristics
the InGaAsN–QW lasers are measured up to a tempera
of 100 °C, limited by our equipment. The near-thresholdI
;1.1– 1.2I th) emission wavelengths of the lasers with a ca
ity length of 2000mm are measured as 1295.2 and 1331 n
at temperatures of 20 and 100 °C, respectively.

The measured threshold current density of the HR/A
coated InGaAsN–QW lasers under cw operation is v
comparable with that of the as-cleaved lasers, as show

FIG. 2. The measured cw output power vs current–characteristics o
1300 nm InGaAsN QW lasers withLcav52000 mm, as a function of tem-
perature. The inset shows the near-threshold lasing spectrum at a hea
temperature of 20 °C.
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Fig. 3. These similarities in the threshold characteristics
the HR/AR-coated devices and the as-cleaved devices
attributed to the fact that the dominant loss in our lasers
the large internal loss~approximately 13 cm21). The total
mirror loss@am5(1/2L)ln(1/$R1R2%)# of the HR/AR coated
devices (am;6.0– 6.8 cm21, Lcav52000 mm! is compa-
rable with that of the as-cleaved devices (am56.2 cm21,
Lcav52000 mm!. Despite the large internal loss, th
threshold-current density of the lasers with a cavity length
2000 mm is measured as 210–220 A/cm2, at a temperature
of 20 °C under cw operation. At elevated temperatures of
and 100 °C, the threshold current densities of the HR/A
coated (Lcav52000mm! lasers are measured as only 455 a
615 A/cm2, respectively, under cw operation.

To compare the lasing performance of the 1300 nm
GaAsN QW lasers with those of the conventional InP te
nology, we show the published results that represent som
the best-performing 1300 nm diode lasers based
InGaAsP–QWs16 and InGaAlAs–QWs17 in Fig. 4. Due to
the low material gain parameter, carrier leakage, and Au
recombination, typical 1300 nm InGaAsP–InP QW lasers
quire 9–14 QWs.16 The 1300 nm InGaAlAs QW lasers re
quire approximately 4–6 QWs for optimized structures.17

For optimized 1300 nm InGaAsP–QW structures16

threshold current densities of approximately 1650–17

he

ink

FIG. 3. The measured threshold-current densities of the InGaAsN QW
sers as a function of temperature, for as-cleaved and HR/AR-coated de
with Lcav51000–2000mm.

FIG. 4. The measured threshold-current densities of the as-cleaved d
lasers for the 1300 nm InGaAsN QW lasers (Lcav51000–2000mm! and the
best-reported 1300 nm InGaAsP–QW (Lcav5500 mm! and InAlGaAs–QW
(Lcav51000mm! lasers as a function of temperature.
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A/cm2 were achieved for devices with a cavity length of 5
mm at an operation temperature of 80 °C, as reported
Belenky et al.16 The threshold current density of the 130
nm diode lasers based on the InGaAlAs QW on InP, wit
cavity length of 1000mm, has been reported as approx
mately 1350 A/cm2 at a temperature of 80 °C.17 The
InGaAsN QW lasers require only a single QW active reg
for high temperature operation, owing to the larger mate
gain parameter and better electron confinement in the Q
Our 1300 nm InGaAsN single-QW as-cleaved diode las
with cavity lengths of 500 and 1000mm, have threshold
current densities of only 940 and 490 A/cm2, respectively, at
a heat-sink temperature of 80 °C.

The maximum cw output powers achievable from t
1300 nm InGaAsN–QW lasers are approximately 1.8 W
devices with cavity lengths of both 1000 and 2000mm, at
heat-sink temperatures of 20 °C. Figure 5 shows the m
sured output power versus current characteristic for dev
with Lcav51000 mm. This result represents the highest c
output power reported for 1300 nm InGaAsN QW lase
grown by OMVPE at a heat-sink temperature of 20 °C. T
maximum total power conversion efficiency for devices w
a cavity length of 1000mm is approximately 28%, and i
limited by the large internal loss (a i513 cm21) resulting
from the narrow SCH region and relatively high doping lev
(1 – 231018 cm23) of the p cladding of the laser. Furthe
improvement by utilizing a broad-waveguide design sho
allow the realization of higher output power InGaAsN–Q
lasers.

In summary, high-performance continuous-wave ope

FIG. 5. The measured cw power vs current characteristic and total po
conversion efficiency ~wall-plug efficiency! of an
In0.4Ga0.6As0.995N0.005– GaAs0.85P0.15 QW laser with Lcav51000 mm, at a
heat-sink temperature of 20 °C.
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tion strain-compensated In0.4Ga0.6As0.995N0.005 QW lasers,
with room-temperature near-threshold lasing emission wa
length of 1.295mm, have been achieved by OMVPE utiliz
ing AsH3 as the As precursor. The cw lasing threshold c
rent densities of these devices (Lcav52000mm, with HR/AR
coating! are 200 and 615 A/cm2, at temperatures of 20 an
100 °C, respectively. This result represents the lowest thre
old current density for 1300 nm QW lasers under cw ope
tion at temperatures up to 100 °C, by comparison with
ported results of the conventional InGaAsP and InAlGa
1300 nm QW lasers. Maximum cw output powers of 1.8
were achieved for both 1000 and 2000mm cavity length
devices at a heat-sink temperature of 20 °C, which repres
the highest cw output powers for 1300 nm OMVPE-grow
InGaAsN QW lasers.

The authors would like to acknowledge helpful technic
assistance from John Ochsner, and Edward Boyer, of
falight, Inc., Madison, WI.
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