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InAs/GaSb superlattices for infrared photodetectors
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Focal plane array infrared photodetectors are highly demanded in various fields, including environmental
protection, medicine and military applications. This paper presents the results of growing InAs/GaSb superlattice
structures using molecular beam epitaxy on GaSb substrates for the mid— and longwave infrared photodetectors.
Conditions for growing GaSb buffer layers and superlattices with In—Sb interfacial layer are defined. It is shown
that a low arsenic concentration in the buffer layer has little effect on the structural quality of superlattices, while
the buffer thickness has a more significant impact. The selected growth conditions allowed for high reproducibility
of the superlattice period lengths. The measured superlattice layer thicknesses were close to those specified during
the growth. The presence of the InSb interface resulted in good optical properties of the superlattices. High
reproducibility of superlattices allowed us to control the longwave absorption edge by shifting it from 5.6 to 9um
by merely adjusting the thicknesses of the InAs and GaSb layers.
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Photodetector arrays recording infrared (IR) radiation in
the atmospheric transparency windows play an important
role in various areas of human activity [1-3]. To make pos-
sible fabrication of highquality arrays and their largevolume
application, it is important to provide them with good IR
sensitivity and high manufacturability. It is desirable that
the arrays be applicable in sufficiently lowcost photodetector
devices not needing strong cooling.

Being used in creating photodetector arrays, a pair of
A3Bs compounds, InAs and GaSb, possesses a number
of unique properties: first, these substances have almost
equal growthplane lattice parameters apas = 6.0583 A and
agasp = 6.0959 A; second, in this case it is possible to
create superlattices whose optical transition energies may be
adjusted to the mid— (3—5 um) and longwave (8—14 um)
IR ranges by varying thicknesses of the InAs and GaSb lay-
ers [4]. As compared to the cadmium—mercury—tellurium
solid solutions, chemical bonds in gallium antimonide and
indium arsenide are stronger, which makes the material
more stable. In addition, production cost of the InAs/GaSb
superlattices is lower, and GaSb substrates are relatively
inexpensive and commercially available [5].  Relative
to IR photodetectors based on intersubband transitions
in AlGaAs/GaAs quantum wells (QWIP), photodetectors
based on InAs/GaSb superlattices have a higher absorption
coefficient and exhibit high quantum efficiency for photons
incident normal to the surface [1].

In the periodic InAs/GaSb structure, the InAs conduction
band bottom lies below the GaSb valence band top,
electrons and holes are localized in different layers, and
a type-Il superlattice (commonly designated as T2SL) is
formed. In [6], T2SL absorption was calculated by the kp
method for superlattices with different thicknesses of InAs
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and GaSb layers at different temperatures; the calculations
agree well with experimental data.

In this work, T2SLs consisting of alternating InAs/GaSb
layers with the thicknesses (in monolayers) of 8 ML/13 ML
(T2SL1) and 13.5 ML/7 ML (T2SL2), 100 repetitions per
each superlattice, were grown by molecular beam epitaxy
(MBE). The structures were grown at a Riber Compact-
21T setup on GaSb(100) substrates doped with tellurium
with the electron concentration of 5-10'7 ¢cm~3. Fluxes
of the fifth group materials (As and Sb) were generated
by valved cells. The cracking zone temperature in the
cells was 900°C; therefore, fluxes of dimers As; and Sb,
were generated. Growth rates of third group materials
were calibrated with respect to oscillations of the specularly
reflected fast electron diffracted beams and were 0.2 ML/s
for InAs and 04ML/s for GaSb. In the T2SL1 and
T2SL2 samples, GaSb buffer layers 250 and 500 nm thick,
respectively, were grown on the substrate. In the process
of growing the buffer layers, the substrate temperature was
500°C, while that in growing superlattices was 400°C. The
In—Sb bonds were formed at each superlattice interface,
which is optimal for achieving high optical characteristics of
such superlattices [7]. For this purpose, after the growth
of each InAs superlattice layer was completed, first the
arsenic flux was shut off, and the indium flux was shut
off in 1s after this; due to this, an indium enriched
surface superstructure (4 x 2) was formed. This surface
was exposed to the antimony flux for 3s, after which the
GaSb layer was grown. Upon the growth of the GaSb layer,
the surface was kept in the antimony flux for 3s; after the
antimony flux was shut off, the indium shutter was open for
I's, and then the InAs growth began.
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Figure 1. AFM images of the T2SL1 (@) and T2SL2 (b) surfaces. Steps approximately 100 nm wide and 0.3 nm high are visible, which

matches with the monolayer height of the terrace.
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Figure 2. Experimental (/) and calculated (2) diffraction reflection curves obtained in the geometry of symmetric reflection (004) for

the T2SL2 sample.

To characterize the surface morphology of the grown
superlattices, measurements with an atomic force micro-
scope (AFM) were performed in the areas 15 x 15um
in size (Fig. 1). The T2SL1 surface is rough, with hills
about 0.6 nm high and 300 nm wide. Analysis of the height
profile showed the stepped character of the surface (see the
inset in Fig. 1). The T2SL2 surface is smoother. Statistical
analysis of AFM images gave the rootmeansquare surface
roughness of 0.24nm for T2SL1 and 0.13 nm for T2SL2.

Structural perfection of the samples was analyzed by X-
ray diffraction using a double crystal X-ray diffractome-
ter with a Ge(004) monochromator crystal and CuKy
(2 = 1.54056 ,&) radiation. Fig. 2 demonstrates the exper-
imental and calculated T2SL2 diffraction reflection curves
(DRC) obtained in the geometry of reflection symmetric
about the (004) node. DRCs exhibit the GaSb substrate
peak, GaAsSb buffer layer peak, and satellite peaks
from the periodic structure. The zero satellite position
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Figure 3. Superlattice absorption spectra. The inset schematically represents the edges of the InAs and GaSb conduction and valence
bands, as well as minibands of electrons (C1 and C2), heavy holes (HH1 and HH2) and light holes (LH1) emerging in the superlattice.

Arrows indicate the transition points as per [13].

corresponds to the average elemental composition of the
superlattice.

We associate the emergence of a peak near the
GaSb(004) substrate peak in the T2SL2 DRC with adding
arsenic to the buffer layer and formation of the GaAsySb;_y
solid solution. The peak shift by +130 arcsec corresponds to
X =~ 0.8%. The background arsenic in the MBE setup has
probably remained after growth of A3 arsenides; this was
previously observed in [8,9]. The bufferlayer and substrate
peaks in the T2SL1 sample DRC coincide with each other.
Mismatches of the average lattice parameters of T2SL1 and
T2SL2 with the substrate, which were determined based
on the zero satellite shift from the substrate peak, equaled
Aa/a = 0.129 and 0.267%, respectively, which is because
of high InAs content in T2SL2. Full widths at half height of
the T2SL1 and T2SL2 zero satellites are 200 and 30 arcsec,
respectively, which means that T2SL2 structural perfection
is higher. This is consistent with the AFM data. The thicker
GaAsSb buffer layer has probably a smoother surface than
the thin GaSb buffer layer, despite the roughness inherent
of solid solution [10], and remains smoother during the
entire structure growth. Angular distance between the
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satellites depends on the superlattice period thickness. In
the studied structures, satellites of up to the fourth order are
observed, which confirms high quality and strict periodicity
of superlattices. Note that the T2SL2 layer thicknesses
14.7 ML/7.9 ML, specified in the DRC simulation are close
to those specified for the superlattice growth (13.5 ML/7
ML).

IR absorption spectra were obtained using vacuum
Fouriertransform spectrometer Bruker Vertex 80v with
computeraided attachment A510/Q-T designed for measur-
ing transmission and reflectance. The angle of radiation
incidence on the sample was 11°. Light scattered by the
sample was collected in the solid angle of £5°. As a
source of IR radiation, a globar and KBr-based light beam
splitter were used. Vacuum conditions were such as to
prevent the effect of atmospheric impacts on the spectra
measured in the range of 1-25um. In the experiments
there were measured reflection and transmission spectra
of the T2SL1 and T2SL2 superlattices, as well as of the
GaSb substrate. To determine the substrate absorption
a and reflection R coefficients based on the measured
substrate reflectance Ry, and transmittance Ty, first R were
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obtained by numerically solving the righthand equality of
the transcendental expression taken from [11]:

_ (1-R-Ay)> ~ Rm-R
exp(—2ad) = (1-R-RAw2 R(I-2R+RRy)’ m

where Ay is the absorbability, d is the substrate thickness.
Substrate absorption coefficient a@ was calculated from
calculated R. Using the obtained values of the substrate
a and R and measured superlattice transmittance, the
superlattice absorption coefficient was calculated via the
formula from [12]:

_ (1= R)? exp(—ad) exp(—asds)
Ts = 1 — R2exp(—2ad) exp(—Zasds). @)

Here Tys is the measured superlattice transmittance, as is
the superlattice absorption coefficient, dg is the superlattice
thickness.  The superlattice absorption coefficients are
presented in Fig. 3.

The longwave edge of the T2SL1 absorption band is
~ 5.6 um, while that for T2SL2 is ~ 9um. The obtained
absorption spectra are close in both the absorption curve
amplitude and shape to the spectra of similar InAs/GaSb
superlattices obtained in [6,13,14]. The spectrum shape
is determined by the oscillator strengths which depend
on the superlattice layer thicknesses. The inset to Fig. 3
schematically shows minibands emerging in the superlattice
energy spectrum.

Thus, the article demonstrates the results of growing
short period strained type-II InAs/GaSb superlattices on
GaSb substrates and examining their structural and opti-
cal properties. The study has shown that the selected
conditions for growing the buffer and superlattices and
forming heterointerfaces with the In—Sb bonds between
the superlattice layers allow for obtaining superlattices with
high period repeatability and good optical characteristics.
The surface morphology and structural perfection of the
samples get improved with increasing buffer layer thickness.
The measured superlattice layer thicknesses were close to
those specified for growing the superlattices. The edge
of the superlattice absorption spectrum was controlled by
shifting it towards the red range due to varying thicknesses
of their layers: from ~ 5.6 to ~9um. The superlattice
optical characteristics are close to those of the worldbest
samples.
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