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Photodetectors based on diode heterostructure with InAsSby photosensitive region (x = 0.38) with long-wave
cut-off o1 about 10um (296K) are investigated. The dependences of dark current density and detectivity in
the temperature range of 200—425K have been investigated. It is shown that the experimental samples are
characterized by values of dark current density about 500 A/cm? at room temperature, detectivity 1.2 - 10° and
5-10° cmHz'/*W~" at room temperature and 250 K, respectively, and diffusion mechanism of current flow in the

temperature range 200—350 K.
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Introduction

Infrared radiation receivers operating in the long-wave
region of the spectrum (8—14um) are key components
of both thermal imaging and heat direction finding sys-
tems, and gas analytical equipment in life safety systems
and medical equipment. Photodetectors based on diode
heterostructures with an active layer of InAs;_ySbx solid
solutions are a promising alternative to both the most
common photodetectors based on Cadmium-Mercury—
Tellurium (CMT) [1,2]semiconductors and photodetectors
made from AM"BVY semiconductors based on superlat-
tices [3,4]. Depending on the composition of the photosen-
sitive layer, InAsSb photodetectors can operate both in the
mid-wave (3—5um) [5] and long-wave (8—14 um) infrared
regions of the spectrum [6)].

Experimental results

Epitaxial structures N-InAsSb/InAsSb/P-InAsSbP were
obtained on substrates of undoped n°-InAs oriented in
the (100) plane by liquid-phase epitaxy LPE and contained
a buffer gradient layer of N-InAsSb with a thickness
of 2.5—3.0 um, photosensitive regionlnAsSby 3g with a thick-
ness of 3.0—3.2u m and a contact layer P-InAsSbP with a
thickness of 1.5—2 um, doped with Zn to a concentration of
p > 5-10' cm™3. This work presents the results for a het-
erostructure with number Ne 2052. Experimental samples of
photodetector chips were obtained using multistage chem-
ical photolithography methods. Samples of the ,.flip-chip*
design had a square shape with a size of 250 x 250 um and
a round mesa with a diameter of 100 ym, limiting the area
of the photosensitive region. To obtain experimental samples
of photodetectors, immersion joining of the resulting chips

with lenses made of germanium with an antireflective
coating with a diameter of 3.5mm was carried out.

Figure 1 shows the current-voltage characteristics (a)
and dark current densities (b) in the temperature range
200—425K for a heterostructure sample with number
Ne 2052. Besides, Fig. 1,5 shows the results for a sample
from a heterostructure with the number Ne 1511z from the
work [7] (2021) for the development and research of pho-
todetectors with a similar composition of the photosensitive
region.

As can be seen from the figure, the heterostructures ob-
tained in this work are characterized by lower dark current
densities at room temperature and a less sharp temperature
dependence compared to previous results obtained in [7].
In addition to this, the temperature dependence of the dark
current density is well approximated in the temperature
range 200—350K using the following relation:

Jo(T) oc el F) (1)

which indicates the dominance of the diffusion mechanism
of current flow. In this formulahvy ; —- is the energy of the
long-wave limit of photosensitivity at a level of 0.1 from the
maximum, the value of which is close to the band gap of
the photosensitive region (Eg).

With a further decrease in temperature, a transition to the
tunnel mechanism of current flow is most likely, which can
be evidenced by approximation using the relation

—hg
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However, this temperature range is beyond the scope of
the study.

Figure 2 shows the spectra of detection detectivity (a)
and values hvpax, hvgs and hyvy; (b) in the temperature
range 200—425K. As can be seen from the figure, the
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Figure 1. Current-voltage dependences in the temperature range 200—425K (a) and the dependence of the dark current density

on temperature (b).
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Figure 2. Spectral dependence of detectivity in the temperature range 200—425K (a) and temperature dependence of energy hv of the
long-wave limit of photosensitivity at levels 0.5 and 0.1 from the maximum (b).

experimental samples are characterized by detection detec-
tivity values of approximately 1.2 - 10°cmHz"/>W~! at room
temperature and 5 - 10° cmHz!/2W~! at 250K, achievable
with the help of thermoelectric cooling.

When the temperature rises over 325—350K, there is
behavior of the long-wavelength boundary, which differs
from that of both shorter-wavelength photodiodes and pho-
todetectors with similar compositions described earlier [7].
This difference is most clearly illustrated by the temperature

dependence of energy at the level of 0.5 and 0.1 on the
maximum photosensitivity (Fig. 2,b). The figure shows a
significant deviation of the experimental data at elevated
temperatures from the approximation, taking into account
the dependence of the InSb band gap on temperature [8].
Figure 3 shows a comparison of the results of this work
with the dependences of the band gap on composition and
the dependences of dark current densities on the long-
wavelength limit of photosensitivity, taken from literature
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Figure 3. The dependence of the band gap on the composition (a) and the dependence of the dark current density on the long-wave
boundary hvg; (b) at 296 K in comparison with data from the literature: asterisks — this work , squares — previous work, including [7],
solid curve (a) and dashed line (b) — approximations of experimental data.

sources, including from our previous works [5-7]. The
obtained values of the band gap at room temperature are
consistent with the results of previous studies; however, in
the present work, there is a decrease in the dark current
density of up to 2 times [7] One of the likely reasons for
the decrease in current density is an improvement in the
crystallographic quality of the resulting layers, in particular,
a decrease in the number of mismatch dislocations and their
concentration at the interface between the substrate and
the wide-band ,buffer layer, which leads to a decrease in
their influence on the optical and electrical characteristics of
photodetectors based on such structures. This assumption is
based on the study of the resulting epitaxial structures using
transmission electron microscopy, the results of which will
be discussed in a special publication.

Conclusion

Experimental samples of long-wavelength photodetectors
with an active region from the InAsSby (X ~ 0.38) solid
solution with a long-wavelength photosensitivity limit Ag
of approximately 10 um (300K) were obtained and their
photoelectric properties were studied in the temperature
range 200—425K. In comparison with the results of
previous work, a decrease in the density of dark currents by
a factor of two and an increase in the detection detectivity
by one and a half times at room temperature to values
of 500A/cm? and 1.2 - 10° cmHz!/>?W~!, respectively, were
demonstrated. At a temperature of 250 K, the value of de-
tection detectivity 5 - 10° cmHz!/2W~! was obtained, which
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allows the use of these photodetectors for thermoelectric
cooling.
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