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The metalorganic chemical vapor deposition of a highly strained InGaAsN quantum-well 共QW兲
surrounded by 共In兲GaAsP direct barrier layers is investigated. We found that growth pause annealing
with AsH3 , performed immediately before and after the growth of the QW, significantly improves
the optical quality of InGaAsN QW with 共In兲GaAsP direct barriers. The utilization of larger band
gap barrier materials, such as InGaAsP or GaAsP, will potentially lead to reduced carrier leakage
from the QW laser structures. © 2003 American Institute of Physics. 关DOI: 10.1063/1.1572470兴

The InGaAsN quantum-well 共QW兲 active region on
GaAs has demonstrated excellent lasing characteristics for
high-performance 1300 nm semiconductor lasers,1–11 comparable to or superior to some of the best published results
based on the conventional InP technology.12,13 Unfortunately,
high-performance 1300 nm InGaAsN QW lasers exhibit low
characteristic temperature coefficients (1/T 0 ⫽(1/Jth)dJth/
dT) of the threshold-current density (Jth兲, with only a slight
improvement in T 0 values over those achievable by the conventional InP technology. Some recent works14 have attributed the poor T 0 values in 1300 nm InGaAsN QW lasers to
the existence of large Auger recombination processes. Other
recent work15 has identified that increased carrier leakage
processes and a more temperature sensitive material gain parameter play a pivotal role in leading to increased temperature sensitivity of 1300 nm InGaAsN QW lasers.
The motivation of this work was to investigate the metalorganic chemical vapor deposition 共MOCVD兲 growth of
InGaAsN QWs with various larger band gap barrier materials. All previous studies of MOCVD-grown InGaAsN QWs
have pursued GaAs as the direct barrier material.1–10 There
have been several works investigating the growth of InGaAsN QWs with GaAsN as direct barriers,4,7,8 which however, is a smaller band gap material system. The utilization of
larger band gap barrier materials will potentially lead to the
suppression of thermionic carrier leakage,16 which will in
turn lead to a reduction in the temperature sensitivity of the
threshold-current density of the lasers, in particular, at hightemperature operation. The choices of larger band gap materials employed in these studies include GaAsP and InGaAsP
material systems.
All structures reported here were grown by utilizing lowpressure MOCVD. The group-V precursors are the hydride
sources of AsH3 and PH3 . The trimethyl precursors of gallium 共Ga兲, aluminum 共Al兲, and indium 共In兲 are the group-III
precursors. The N precursor is U-dimethylhydrazine. The active regions are all based on the 60 Å In0.4Ga0.6As0.995N0.005
QW, sandwiched with various barrier materials. The In and
N contents of the InGaAsN material were determined from
a兲
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high-resolution x-ray diffraction and secondary mass ion
spectroscopy measurements.
A schematic diagram of the structure investigated here is
shown in Fig. 1. The experiments are conducted for a InGaAsN single-QW active region with GaAs, GaAsP, and InGaAsP direct barriers. The lower cladding layer of the structure consists of 0.1 m n-Al0.74Ga0.26As, grown at a
temperature of 775 °C. The active region and the direct barrier materials are sandwiched in a 3000 Å thick GaAs optical
confinement region. The active region, barriers, and the optical confinement regions are all grown at a temperature of
530 °C. The thermal annealing of the active region occurs
during the growth of the top cladding layer of 0.1 m
p-Al0.74Ga0.26As at a temperature of 700 °C for a duration of
approximately 3 min. The active region, barrier region, and
optical confinement regions are not intentionally doped, and
the doping level of both cladding layers is approximately 1
⫻1018 cm⫺3 . The thermal annealing processes for all of the
InGaAsN samples studied here are performed under similar
conditions. Since the purpose of this experiment was to investigate the relative changes in luminescence intensity resulting from varying the MOCVD growth processes, this
thermal annealing condition does not necessarily represent
the most optimized condition for InGaAsN QW active regions.
The first structure investigated, as shown in Fig. 2共a兲, is
the reference sample consisting of a InGaAsN single-QW
active region with 100 Å GaAs direct barriers, which also

FIG. 1. The schematic layer structure of the photoluminescence sample with
an InGaAsN QW active region.

0003-6951/2003/82(18)/3008/3/$20.00
3008
© 2003 American Institute of Physics
Downloaded 20 Dec 2006 to 128.104.198.71. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp

Appl. Phys. Lett., Vol. 82, No. 18, 5 May 2003

Tansu, Yeh, and Mawst

3009

FIG. 3. The comparison of the photoluminescence spectra of
In0.4Ga0.6As0.995N0.005 QW with GaAs and GaAs0.85P0.15 direct barriers, for
the case of with and without pause.

FIG. 2. The schematic diagram of the InGaAsN QW with direct barriers of
共a兲 GaAs and 共b兲 共In兲GaAsP.

employs strain compensating layers of 75 Å GaAs0.85P0.15
located outside of the GaAs direct barriers to the QW. Similar active region designs have been employed for realizing
high-performance 1300 nm InGaAsN QW lasers.1–3 The second sample studied here, shown in Fig. 2共b兲, consists of a
InGaAsN single-QW with 75 Å GaAs0.85P0.15 direct barriers.
The third sample consists of a InGaAsN single-QW with 75
Å InGaAsP direct barriers. The InGaAsP barrier consists of
1.62 eV band gap quaternary material with In and P content
of approximately 30% and 60%, respectively, corresponding
to slight tensile strain of ⌬a/a⫽⫺1300 ppm. All of the
aforementioned structures are sandwiched inside a separate
confinement heterostructure consisting of 3000 Å undoped
GaAs and AlGaAs cladding layers, as shown in Fig. 1. Measurements of the optical luminescence are conducted by utilizing an Ar⫹ laser with an emission wavelength of 488 nm
and a cooled Ge detector, with all samples held at room
temperature.
By incorporating an intentional growth pause annealing
in the MOCVD growth processes before and after the growth
of the InGaAsN QW, significant improvement in the photoluminescence is observed. The growth pause annealing is
conducted by flowing 10 sccm of AsH3 and 5200 sccm of H2
for the pause time duration (  p ). As shown in Fig. 3, the
InGaAsN QW with GaAs direct barriers is shown to have
luminescence intensity improvement up to two to three times
by incorporating a growth pause of approximately 12 s before and after the growth of the QW, as shown in Fig. 3. It
should be noted that high-performance 1300 nm InGaAsN
QW lasers with GaAs barriers have also been realized previously, without the use of any growth pause.1–3
In contrast to the GaAs barrier structure, structures em-

ploying GaAsP or InGaAsP barriers exhibit a strong luminescence dependence on growth pause time. Without employing
a growth pause before and after the InGaAsN QW, no luminescence intensity was measured from structures with direct
barriers of GaAs0.85P0.15 . By incorporating a pause of approximately 10 and 15 s before and after the growth of the
InGaAsN QW, respectively, a significant improvement in luminescence of the InGaAsN–GaAsP structure is observed
with a wavelength emission of 1.26 –1.275 m as shown in
Fig. 3. The shorter peak emission wavelength from the InGaAsN QW with direct barriers of GaAsP is a result of a
stronger quantum confinement effect as well as growth-togrowth variation in composition.
Similar results were also found for the InGaAsN–
InGaAsP structures. The 1.62 eV InGaAsP direct barriers are
designed as slightly tensile strained, which provides partial
strain compensation of the highly compressively strained InGaAsN QW. The pause time (  p ) before and after the growth
of the InGaAsN QW are kept the same for simplicity. In Fig.
4, the photoluminescence of the InGaAsN QW with InGaAsP direct barriers shows the trend of increasing luminescence intensity as the pause time is increased. The peak
emission wavelengths of the InGaAsN–InGaAsP structure
range from 1245 nm to 1252 nm, due to run-to-run variation
in MOCVD growth processes, as shown in Fig. 4. The larger
quantum confinement effect 共i.e., larger barrier potential兲
also contributes to the significantly shorter peak emission
wavelength of InGaAsN–InGaAsP in comparison to the

FIG. 4. The luminescence intensity and the peak emission wavelength of
In0.4Ga0.6As0.995N0.005 QW with 1.62 eV InGaAsP direct barriers, as a function of the pause time (  p ).
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FIG. 5. The FWHM of the optical luminescence spectra for
In0.4Ga0.6As0.995N0.005 QW with 1.62 eV InGaAsP direct barriers, as functions of the pause time (  p ).

structure with GaAs barriers. The luminescence intensity of
the InGaAsN–InGaAsP structure, without employing growth
pause annealing, is extremely poor, almost 1000 times
smaller than that of the InGaAsN–GaAs structure without
any growth pause annealing. By incorporating the growth
pause annealing under AsH3 flow, significant improvement
in the optical luminescence by a factor of 25 is observed, as
shown in Fig. 4. This improvement is also accompanied by a
reduction in the full width half maximum 共FWHM兲 of the
luminescence spectra by approximately 20%, as shown in
Fig. 5. It is also crucial to note that the N-free In0.4Ga0.6As
single-QW with either GaAs or InGaAsP direct barriers, exhibits comparable luminescence intensity without the need
for a growth pause annealing.
It is important to note that the improvement in the optical luminescence of the InGaAsN QW 共from the growth
pause兲 is not accompanied by a reduction in the peak emission wavelength 共Fig. 4兲, which indicates that the outdiffusion of N from QW is not the contributing factor. The growth
pause annealing process of the InGaAsN QW is very different compared to the rapid thermal annealing or in situ thermal annealing process, in which the two latter processes are
performed at a temperature higher than the growth temperature of the QW and are typically accompanied by a significant reduction in peak emission wavelength. Further studies
indicate that the growth pause before the growth of the QW
is most important. From the fact that no blueshift is observed
with increasing annealing time, we believe that the improvement by growth pause annealing processes can possibly be
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attributed to an improvement in surface morphology and/or
interfaces of the InGaAsN QW–共In兲GaAsP direct barriers or
a suppression in the P 共phosphorous兲 carryover from the barriers into the QW.
In summary, we have investigated the MOCVD growth
processes of strain-compensated In0.4Ga0.6As0.995N0.005 QWs
with larger band gap materials of GaAs0.85P0.15 and 1.62 eV
InGaAsP as direct barriers, utilizing AsH3 as the As precursor. From our studies, we found that the optical luminescence
of the InGaAsN QW with GaAsP and InGaAsP direct barriers is significantly improved by employing a growth pause
annealing with AsH3 before and after the growth of InGaAsN QW. This improvement is not followed by changes
in emission wavelength, which indicates that the outdiffusion
of N from the QW is not a factor in the improvement of
optical luminescence. The utilization of larger band gap material barriers surrounding the InGaAsN QW can potentially
lead to reduced thermionic carrier leakage out of the QW,
which in turn will lead to a reduction in temperature sensitivity of high-performance InGaAsN QW lasers.
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