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Abstract: Recently, there has been significant interest in type-II superlattice (T2SL) infrared detectors
based on both InAs/GaSb and InAs/InAsSb material systems, and fully operating devices have
been presented in the mid- (MWIR) and long-wavelength (LWIR) infrared ranges. In addition,
theoretical simulations and experimental reports show high-performance T2SL devices in the very-
long-wavelength infrared range (VLWIR) (cutoff wavelength, Ac > 12 um). Devices in this wavelength
range are essential for space-based applications. In VLWIR, the existing detectors with satisfactory
performance are extrinsic silicon detectors operating under heavy, bulky and short-lifetime multistage
cryocoolers. These disadvantages are mainly critical for space applications, and thus, developing
a device exhibiting a higher operating temperature (HOT) is of high priority. We report on a
photoconductive T2SL InAs/InAsSb detector with A > 18 um (limited by a GaAs substrate) and

::‘f;e;:t?; high-operating-temperature (HOT) conditions (T = 210-240 K) grown on thick semi-insulating GaA
Citation: Matuszelanski, K.; substrates by molecular beam epitaxy (MBE).
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Lately, there has been considerable interest in type-II superlattice (T2SL) infrared
detectors based on InAs/GaSb and “Ga-free” InAs/InAsSb material systems, and fully
operating devices competing with HgCdTe have been presented in the mid- (MWIR) and
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and Davide Moroni wavelength infrared range (VLWIR) (cutoff wavelength, A, > 12 um) [3-5]. VLWIR systems

are essential for space applications such as pollution awareness and astronomy [6]. In
VLWIR, the existing detectors with satisfactory uniformity and quantum efficiency (QE)
are extrinsic silicon detectors operating under heavy, bulky and short-lifetime multistage
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of A; > 18 um (limited by GaAs substrate transmission) operating at T = 210-240 K, grown
on a 1.1 pm GaSb buffer and a 0.25 pm GaAs smoothing layer on a 1.1 mm thick, semi-
insulating GaAs substrate (intended to be converted into an immersion lens), by molecular
beam epitaxy (MBE). The VLWIR range was reached by growing T2SL InAs/InAsSb detec-
tors in a period (P) of ~ 14.2 nm (InAs: ~10.86 nm and InAsSb: ~3.33 nm, xg: ~0.4). A net
with an active layer thickness of ~1.42 pm was grown. Theoretical simulations suggest that
the analyzed T2SLs should reach A; ~ 28 um (300 K, Eg: ~0.044 eV).

2. Detector Structure

The T2SL InAs/InAsSb wafer was deposited by a RIBER Compact 21-DZ MBE on 2" semi-
insulating 1.1 mm GaAs (001) substrates. The IMF GaSb bulffer layer (1.1 pm) was deposited at
500 °C on a thin 250 nm GaAs smoothing layer. A detailed description of the buffer growth and
substrate processing procedure was presented by Benyahia et al. [10]. Before T2SL deposition,
the GaAs substrate was cooled down to 425 °C under Sb flux. The T2SLs growth rate was
assumed to be at the level of ~0.52 um/h. T2SLa deposition was accompanied by short As or
As + Sb soaking fluxes to reduce the composition variation at the interfaces.

The absorber consisted of 100 P with a 1.42 um net thickness. The VLWIR (A, > 18 um)
was obtained by growing 10.86 nm InAs and 3.33 nm InAsSb (xg, = 0.4). Assuming no
strain in both InAs and InAsSb, the cutoff wavelength was estimated at the level of ~28 pm
(300 K). Intentional doping was not used during the growth process. The thickness of
both the InAs and InAsSb layers was estimated by continuum elastic theory as presented
by Polly et al. [11]. The T2SL VLWIR structure is presented in Figure 1a in detail, while
Figure 1b presents the XRXRD of 100 P, with the simulation confirming the assumed growth
nominal structural parameters of the T2SL InAs/InAsSb detectors to include thickness and
xgp composition (P: ~14.19 nm, InAs: ~10.86 nm, InAsSb: ~3.33 nm, xg;: ~0.4). The FWHM
of the Oth-order peak (20-w) was estimated at the level of ~155 arcsec for the analyzed VL-
WIR. The detector was mounted on a TO-8 stage, housed with a ZnSe (A ~ 22 um) window.
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Figure 1. The A; > 18 pm T2SL InAs/InAsSb (absorber thickness: 1.42 um) sample schematic cross
section (a) and HRXRD spectrum with T2SL simulation results (b).

3. Results and Discussion

Figure 2 presents the noise for the analyzed detector measured using a low-noise pream-
plifier and signal analyzer for V = 0.5V and T = 210-240 K (f = 1-100 kHz). The noise VLWIR
device at 20 kHz (T = 210-240 K) stays within ~2.47 x 10719-3.2 x 1071° A/Hz!/2. The
Johnson noise was estimated by the relation I? = %IT where R; is the detector resistance
and k is the Boltzmann constant. The Johnson noise of the analyzed VLWIR detector when

T = 210-240 K was assessed within the range of ~1.89-2.34 x 10~!1 A/Hz!/2.



Eng. Proc. 2023, 51, 45

30of5

Detector 97550
V=500 mV

&10°
N
I
<
(0}
o
2
=1
g: 240 K

10-10 I 1

1 10 100
Frequency [kHZz]

Figure 2. The noise spectra for the analyzed VLWIR single-pixel immersed photoconductor for
V=05Vand T =210-240 K (f = 1-100 kHz).

The responsivity was measured by FTIR with reference to the calibrated photode-
tector. The current responsivity versus wavelength is presented in Figure 3a, where
R; =0.041-0.016 A/W (@16 pm) when T = 210-240 K. The device resistance was measured
within the range of 31-23.1 Q).
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Figure 3. T2SLs InAs/InAsSb VLWIR device’s R; (a) and D* (b) for V =0.5V and T = 210-240 K.

The specific detectivity was assessed by the equation D' = R;i/+/ I% /A Af, where R; is
the measured responsivity, A, is the optical area and I, is the net noise current. Detectivity
versus wavelength is shown in Figure 3b, where D* = 1.7 x 107-4.9 x 10° cmHz'/2/W
for (@16 pm) is estimated. Razeghi et al. reported on VLWIR T2SL InAs/GaSb-based
photodiodes with cutoff wavelengths of ~19 um and ~32 um exhibiting detectivity of
~3.71 x 101 cmHz'/2 /W at 50 K and ~1.05 x 10'® cmHz!/2/W at 34 K, respectively [12].
In addition, Table 1 presents a performance comparison between T2SL InAs/InAsSb- and
HgCdTe-based 2-, 3- and 4-stage TE immersed photoconductors (PCls) [13].
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Table 1. D* comparison of the T2SL InAs/InAsSb and HgCdTe PClIs for selected temperatures (195,
210, 230, 300 K) and operating wavelengths (10.6, 13, 14, 16 um) for 20 kHz.

Detector Material T (K) A (um) D* (cmHzY2/W)
10.6 ~1.8 x 107
a 13 ~1.9 x 107
B 210
g 14 ~1.9 x 107
S 16 ~1.6 x 107
<
5 10.6 ~7.4 x 100
7))
5 13 ~7.6 x 100
230
= 14 ~7.8 x 10°
— 16 ~6.9 x 100
Q
A~ 10.6 >3.0 x 10°
195 13 >1.0 x 10°
14 >3.0 x 108
% 10.6 >2.5 x 10°
O 210
Eo 13 >45 x 108
10.6 >1.0 x 10°
230
13 >2.3 x 108
300 10.6 >8 x 107

4. Conclusions

The VLWIR detectors showed that a proper device architecture and immersion lens
allow them to compete with HgCdTe TE cooled detectors. The theoretical simulations
suggest that presented device reaches a cutoff wavelength of ~28 um (300 K) with
D*=1.7 x 107-4.9 x 10° cmHz!/2/W for (@16 um) when T = 210-240 K.
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