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Detailed studies are reported on the photoluminescence of InAsSb/ InAs multiple quantum wells
grown by molecular beam epitaxy on InAs substrates with the Sb mole fraction ranging from 0.06
to 0.13. From 4 K photoluminescence the band alignment was determined to be staggered type II.
By comparing the emission peak energies with a transition energy calculation it was found that both
the conduction and valence bands of InAsSb alloy exhibit some bowing. The bowing parameters
were determined to be in the ratio of 4:6. For a sample with Sb composition ⬃0.12 in the quantum
well the photoluminescence emission band covers the CO2 absorption peak making it suitable for
use in sources for CO2 detection. © 2006 American Institute of Physics. 关DOI: 10.1063/1.2388879兴
Among the family of bulk III-V compound semiconductors the InAsSb alloy system has the lowest band gap energy
共Eg = 0.145 eV at x = 0.634兲 and is thus an important material
for mid-IR devices.1,2 Heterostructures based on InAsSb alloys,
such
as
InAs/ InAsSb,
InAsSb/ InAsPSb,
InAsSb/ InGaSb, and so on, have been widely applied as the
active medium for mid-IR optoelectronic devices.3–6 The
InAsSb/ InAs multiple quantum well 共MQW兲 system is appropriate for use in the active region of 3 – 5 m lightemitting diodes that could be deployed in portable gas analyzers and which are important for environmental
protection.6 In this letter we report on a series of
InAsSb/ InAs multiple quantum well samples grown by molecular beam epitaxy 共MBE兲 on InAs substrates. Photoluminescence 共PL兲 spectroscopy measurements were undertaken
to investigate the dependence of emission wavelength on
composition and also to gain information about the conduction band and valence band bowing parameters. The transition energies of the above-mentioned samples lie within the
range of 0.2– 0.4 eV 共3 – 5 m兲.
The InAsSb/ InAs MQW samples were grown on 共100兲
n+-InAs substrates using a VG-V80H MBE system. Two
cracker cells were used to provide the Sb and As2 beams. A
thermal effusion K cell was used to provide the In ﬂux. An
InAs buffer layer with a thickness of 100 nm was grown at
480 ° C. Then a seven-period InAsSb/ InAs MQW with various Sb compositions was grown at 450 ° C. The thickness of
the InAsSb well and InAs barrier were 7 and 50 nm, respectively. In situ reﬂection high energy electron diffraction
共RHEED兲 was used to monitor surface reconstruction. After
growth the samples were characterized using double crystal
x-ray diffraction 共DXRD兲 and PL to study their structural
and optical properties.
Figure 1 shows the DXRD spectra of the InAsSb/ InAs
MQW samples. During the growth of the MQWs, the in situ
RHEED pattern showed a clear 4 ⫻ 2 reconstruction when
InAs was deposited and became slightly blurry when InAsSb
was deposited. This implies a rougher growing surface when
a兲
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the Sb beam was incident. For samples with a higher Sb
composition, only bulk lines were observed and we believe
that this may result from the stress caused by lattice mismatch. However, the satellite peaks in the DXRD spectra of
these samples show only ⬃80 arc sec linewidths, indicating
a good crystal quality. The Sb composition of the MQWs in
these samples was also determined from the DXRD measurements using simulations in the usual manner.
Figure 2 shows the low temperature 共4 K兲 PL spectra of
the various MQW samples. As the Sb composition increases,
the peak wavelength exhibits a redshift in the range from
3.4 to 4.5 m and the peak intensity decreases. From the
DXRD measurement, the highest Sb mole fraction in this
series is 0.137, for which a critical thickness calculation
based on the Matthews-Blakeslee model7 indicates a value of
57 nm. This thickness is much larger than the total InAsSb
thickness of 35 nm in our samples. Therefore, misﬁt dislocations should not be responsible for the intensity decrement in
the samples with higher Sb composition. The good crystallinity shown in Fig. 1 also supports this point. It is known
that strained InAsSb/ InAs MQW on InAs substrate exhibits

FIG. 1. DXRD spectra of InAsSb/ InAs MQWs with different Sb
compositions.
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FIG. 2. 4 K PL spectra of InAsSb/ InAs MQWs with different Sb
compositions.

FIG. 4. 共Color online兲 Electron- to heavy-hole transition energy as a function of Sb composition for As-rich InAsSb/ InAs MQWs.

a staggered type-II band lineup.8 The conduction band minimum of InAsSb is higher than that of InAs, and the electrons
will reside mostly in the InAs barriers. But, because the conduction band offset is small the electron wave function
spreads out. Since the holes are more strongly conﬁned in
InAsSb, the samples with higher Sb mole fraction will have
lower wave function overlap, a lower dipole matrix element,
and therefore a lower recombination rate. A simple calculation solving for the electron and hole wave functions of the
ﬂatband structure was made and showed that the intensity
ratios between the samples are in reasonably good agreement. For C1491 two small dips located at 3.43 and 3.52 m
can be observed in Fig. 2. These are instrumental artifacts.
Also shown in the ﬁgure is a more distinct absorption dip at
4.26 m for sample C1504 which is due to carbon dioxide in
the optical path. The QW with an Sb mole fraction of 0.12 is
thus suitable for use as the basis of a light source for a CO2
gas detector based on optical absorption.
Temperature dependent PL measurements were performed on these samples. Figure 3 shows the spectra of
C1504 with temperature ranging from 6 to 210 K. As the
temperature increases the main emission peak, which is from
the InAsSb/ InAs MQW, shows a shift towards lower energy
and an intensity decrement. The activation energy of the luminescence quenching is 28.5 meV.9 As can be seen in Fig.
2, the InAsSb/ InAs MQWs with higher Sb composition have

a weaker intensity at 4 K. We associate this with a decrease
in the radiative recombination coefﬁcient with alloy composition as the Sb content is increased. However, we observed
that increasing the Sb content in the MQW from x = 0.065 to
0.12 increases the activation energy for thermal quenching
from 14 to 28 meV. This is consistent with a progressive
reduction in Auger recombination and CHSH detuning. Besides the main peak, an InAs related peak located at
0.416 eV is also observed. This InAs peak is quenched
quickly as the temperature increased. On the low energy side
the CO2 absorption was again clearly observed.
Figure 4 shows the peak energies of the InAsSb/ InAs
MQWs obtained from the 4 K PL measurements as a function of Sb composition. The bulk band gap energies of unstrained InAsSb and compressively strained InAsSb are also
plotted in the ﬁgure. As can be seen, the energies of the
MQWs are lower than that of either the unstrained or the
strained band gap energy. This clearly implies that the band
lineup of the heterostructure is type II. Wei and Zunger8 have
calculated the band lineup of InAsSb alloys. They indicated
that the As-rich InAsSb/ InAs is type I when both materials
are unstrained and type II when the InAsSb alloy is compressively strained. We further calculated the transition energy
from the electron state in InAs to the heavy-hole state in
strained InAsSb. Three curves with different band lineups are
depicted in Fig. 4. In some reports8,10 the band gap bowing in
the InAsSb alloy is 100% attributed to the conduction band.
However, in this case the calculated data signiﬁcantly deviate
from the experimental results as can be seen in the ﬁgure.
This ﬁnding implies that the conduction band offset is much
larger than that predicted in Ref. 8. As shown in the ﬁgure, if
we reduce the conduction band bowing to 40% of the total
band gap bowing parameter and associate the remaining 60%
with the valence band, the calculated curve is then in good
agreement with the experimental results. We cannot state
conclusively that our samples are free of Sb segregation during growth of the InAs layer which could affect the strain as
measured using x-ray diffraction. However, Sb segregation
would lead to a blueshift in PL which would mean that we
have if anything overestimated the conduction band bowing
effect.
In summary, we have investigated the photoluminescence of InAsSb/ InAs MQW structures. Staggered type-II
behavior in the MQWs was observed. By comparing the 4 K
emission peaks of the MQW with a calculation for the

FIG. 3. Photoluminescence spectra of C1504 at different temperatures ranging from 6 to 210 K.
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electron- to heavy-hole transition energy, we found that the
band gap bowing could not be totally attributed to the conduction band. For the present case a more accurate situation
would be if the bowing parameters of the conduction and
valence bands are 40% and 60% of the band gap, respectively. For Sb composition ⬃0.12, the emission band covers
the absorption energy of CO2 and sources based on
InAsSb/ InAs MQW could be suitable for use in CO2 gas
detector applications.
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