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Measurement of AlInAsSb/GaInAsSb heterojunction band offset
by photoluminescence spectroscopy
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We have grown unstrained Al0.66In0.34As0.85Sb0.15/Ga0.64In0.36As0.84Sb0.16 multiple-quantum-well
~MQW! structures on InP substrates by metalorganic vapor phase epitaxy. Low-temperature
photoluminescence was performed for these MQW structures. By comparing the luminescence peak
energies with the theoretical calculations, we estimated the conduction-band offset ratio to be
0.7560.10 for the Al0.66In0.34As0.85Sb0.15/Ga0.64In0.36As0.84Sb0.16 heterostructure. ©1999
American Institute of Physics.@S0003-6951~99!02528-0#
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Sb-based compounds and heterostructures la
matched to InP substrate have received much attention
their potential applications in optoelectronic devices1–3 and
high-speed devices,4–6 because of the special features
these materials such as large refractive-index differen
large conduction-band offset, and high Schottky barrier.
spite of the applications, they are the least investigated III
compounds. This is due to the difficulty of growing the
materials. This difficulty corresponds to the fact that the S
based alloy has a wide miscibility gap limiting the range
the composition. However, good quality Sb-based mater
have been grown by molecular beam epitaxy7,8 and metalor-
ganic vapor phase epitaxy~MOVPE!.9,10 Among these ma-
terials, we proposed that the AlInAsSb/GaInAsSb quatern
heterojunction is also very suitable for the above-mentio
applications.

In this article, we have grown unstrained AlInAsS
GaInAsSb multiple-quantum-well~MQW! structures on InP
substrates by MOVPE. Double crystal x-ray diffractio
~DCXRD! and low-temperature photoluminescence~PL!
were performed. We employed an envelope funct
approximation11 to calculate the transition energies of th
MQW structures. The conduction-band offset ratio (Qc) of
the AlInAsSb/GaInAsSb heterojunction was then estima
by the dependence of transition energy on well width.

The AlInAsSb/GaInAsSb MQW structures were grow
on ~100!-oriented Fe-doped InP substrates by MOVPE. T
growth temperature and pressure were 650 °C and 100 T
respectively. Trimethylgallium ~TMG!, trimethylindium
~TMI !, trimethylaluminum ~TMA !, trimethylantimony
~TMSb!, arsine (AsH3), and phosphine (PH3) were used as

a!Electronic mail: yksu@mail.ncku.edu.tw
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the Ga, In, Al, Sb, As, and P sources, respectively. T
MQW samples consisted of a 0.5-mm-thick undoped InP
buffer layer, 10 periods of undoped Al0.66In0.34As0.85Sb0.15/
Ga0.64In0.36As0.84Sb0.16 MQW and finally a 0.2-mm-thick un-
doped InP capped layer. Four samples with different Ga
AsSb layer widths of 5, 6, 8.5, and 13.5 nm were inves
gated. The AlInAsSb layer width was held constant at 30
in all cases. The layer widths were estimated by the gro
rate. They were confirmed further by DCXRD measureme

The solid compositions of the quaternary alloys we
determined by JEOL~JXA-8800M! electron-probe mi-
croanalysis~EPMA!. The uncertainty of the measured com
position was within60.01 compared to the standards of ca
bration. Their lattice mismatches to InP substrate w
determined by DCXRD. We estimated the mismatches l
than 0.0003. For the PL experiment, the MQW samples w
mounted in a cryostat at a temperature of 8 K. The 514.5
line of argon ion laser was used as a pump source. PL sig

FIG. 1. The ~400! rocking curve for a 10-period
Al0.66In0.34As0.85Sb0.15~30 nm!/Ga0.64In0.36As0.84Sb0.16~8.5 nm! MQW struc-
ture.
© 1999 American Institute of Physics
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were dispersed in a 0.75 m monochromator and dete
with a liquid-nitrogen cooled Ge detector. A standard sy
chronous technique was used with a lock-in amplifier.

Figure 1 shows the~400! rocking curve of a 10-period
Al0.66In0.34As0.85Sb0.15~30 nm!/Ga0.64In0.36As0.84Sb0.16~8.5 nm!
MQW structure. In the measured curve, three orders of
ellites could be clearly seen, indicating the high quality
MQW. From the satellite peak spacing, we estimate the
riod of the MQW to be 38.560.5 nm, which is in good
agreement with the designed value of 38.5 nm.

Figure 2 shows the PL spectra of a 0.5-mm-thick
Ga0.64In0.36As0.84Sb0.16 bulk layer and four AlInAsSb/
GaInAsSb MQW structures. PL spectra of four MQW stru
tures exhibit a single peak corresponding to the excito
transition between the first electron subband to the fi
heavy-hole subband. The presence of the quantum size e
is evidenced by the increase of the PL peak energy with
decreasing well width. The peak energy of the GaInAs
bulk luminescence is located at 765.4 meV. This energy
serve as the band gap of this quaternary material in the
lowing theoretical calculation.

Since the AlInAsSb is an indirect-gap material, w
evaluate its band gap by the method given in Ref. 12, wh
takes into account the bowing effect. The effective masse
quaternary layers are also needed for the theoretical calc
tion. As mentioned in Ref. 13, the carrier masses are
versely related to the matrix elements of the crystal poten

TABLE I. Parameters used for theoretical calculation.

Eg

~eV!
a0

~Å! me* /m0 mhh* /m0 mlh* /m0

GaAs 1.42 5.6533 0.067 0.450 0.074
AlAs 3.13 5.6611 0.150 0.760 0.150
InAs 0.42 6.0584 0.023 0.410 0.028
GaSb 0.72 6.0959 0.046 0.390 0.046
AlSb 2.32 6.1355 0.110 0.390 0.110
InSb 0.23 6.4794 0.016 0.180 0.016
AlInAsSb 1.92b 5.8688e 0.049c 0.505c 0.055c

GaInAsSb 0.7654d 5.8688e 0.037c 0.397c 0.042c

aAll values are taken from Refs. 15–18, except for b, c, d, and e.
bThis value was calculated by the method given in the Ref. 7.
cThese values were given using Eq.~1!.
dThis value was determined from PL measurement.
eThis value were determined from DCXRD measurement.

FIG. 2. Low-temperature ~8 K! PL spectra of a 0.5-mm-
thick Ga0.64In0.36As0.84Sb0.16 bulk layer and four 10-period
Al0.66In0.34As0.85Sb0.15/Ga0.64In0.36As0.84Sb0.16 MQW structures, with well
widths of 5, 6, 8.5, and 13.5 nm, respectively.
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We extend their formulation for the effective mass of a qu
ternary alloyAxB12xCyD12y :

1

mABCD
5xy

1

mAC
1x~12y!

1

mAD
1~12x!y

1

mBC

1~12x!~12y!
1

mBD
, ~1!

wheremABCD is the effective mass of the quaternary allo
andmAC , mAD , mBC , andmBD are the effective masses o
the binary alloys. All of the parameters used in the theor
cal calculation were summarized in Table I. The transiti
energies between conduction and valence bands were
calculated with an envelope function approximation.11 In or-
der to compare calculated transition energy with the PL p
position, we also evaluate the exciton binding energyEb

using the method given in Ref. 14. TheEb varies between 10
and 5.2 meV as the well width increases from 5 to 13.5 n

Figure 3 plots the C1–H1 transition energy
AlInAsSb/GaInAsSb MQW as a function of the inverse
the well width square. The experimental peak energies
shown as dark squares. Three lines represent the calcu
transition energies with different values ofQc . The dark
squares are scattered over the fitting range of 0.85–0
Therefore, we conclude the value ofQc to be 0.7560.10.

In conclusion, we have reported a photoluminesce
study of unstrained AlInAsSb/GaInAsSb MQW structur
grown by MOVPE. We estimated the conduction-band off
ratio (Qc) from the dependence of transition energy on w
width. By fitting the experimental data to the calculated v
ues, we obtained a Qc of 0.7560.10 for the
Al0.66In0.34As0.85Sb0.15/Ga0.64In0.36As0.84Sb0.16 heterostruc-
ture.

This work was supported by the National Science Co
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