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Abstract: The properties of long-wave infrared (LWIR) interband cascade photodetectors (ICIPs)

with type II superlattices (T2SLs) and gallium-free (Ga-free) InAs/InAsSb absorbers were deter-
mined using photoluminescence (PL) and spectral response (SR) measurements. The heterostruc-
tures were grown by molecular beam epitaxy (MBE) on a GaAs substrate. Three structures with
different numbers of stages were compared. The structures were optimized for 10.7 um at 300 K.
Moreover, theoretical calculations were performed using APSYS to compare with the experimental
results. The PL results provided information on transitions from minibands and intragap states in
the studied structures. SR measurements helped isolate transitions involving minibands, which fa-
cilitated the analysis of visible transitions in the PL spectra, where point defect (NPD) transitions

were also observed.

Keywords: cascade photodetectors, InAs/InAsSb, T2SLs, photoluminescence

1. Introduction

New challenges for detection devices drive the continuous improvement of technol-
ogies based on semiconductor materials. The long-wave infrared region is particularly
important in this context. Devices based on III-V group materials especially type-II
InAs/GaSb superlattices and 'gallium-free' InAs/InAsSb (T25L) —are increasingly used in
this wavelength range. However, many challenges remain, particularly due to the larger
effective masses of hole conduction in the growth direction. This effect, in turn, leads to
lower vertical hole mobility and shorter diffusion lengths . These factors significantly
impact the detection parameters of the final devices.

The use of a T2SL Interband Cascade Photodetector (ICIP) helps eliminate some of
these issues>”. The main advantage of this concept is the reduction of overall noise, which
results in a nominal increase in detectivity. Furthermore, the dark current in the ICIP is
ultimately limited by generation currents from Shockley—Read-Hall (SRH) and Auger
processes.

In this work, Ga-free InAs/InAsSb T2SL absorber-based ICIP devices with different
numbers of stages were compared. The analysis was performed using PL and SR meas-
urements. The results were compared with APSYS simulations and data from the litera-
ture.
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2. Detector structure

—_

The ICIP T2SL InAs/InAsSb structures were grown using a RIBER Compact 21-DZ 2
solid-source MBE system on 2” GaAs (001) substrates. A 250 nm-thick GaAs smoothing 3
layer was first deposited directly on the substrate. This was followed by a 0.59 um GaSb 4
buffer layer, a heavily doped N* wide-gap contact layer, and x stages of the active region. 5
Each stage consisted of a graded thin InAs/InAsSb N-type layer, an InAs/InAsSb absorber, 6
and an AlGaAsSb:Be bulk barrier (EB). The individual stages were connected in series by 7
InAs/InAsSb p**/n** tunnel junctions. 8

A thin, heavily doped p* InAs/InAsSb layer was grown on the top to serve as a hole 9
contact. Figure 1 shows a schematic of the tested detector structures. The structures dif- 10
fered in the number of active stages. Details of the technological processes can be found 11
in the following publications: 7. 12

13
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14
Figure 1. LWIR InAs/InAs1+Sbx T2SLs based ICIP. 15
The PL and SR spectra were collected as functions of temperature and excitation power. 16
The measurement systems are described Ref.’. For measurement purposes, the struc- 17
tures were chemically etched down to the absorbing layer. The sample for SR measure- 18
ments was mounted in a helium cryostat using a TO-8 mount. Theoretical calculations 19
were performed using the SimuApsys platform and the 4-band k-p (8 x 8) model (Cross- 20
light Inc.) 1°. 21
3. Results and discussion 22

Figure 2 shows the normalized PL and SR spectra for samples with three stages (a) 23
and five stages (b) at a temperature of 300 K. At high temperatures, the PL spectra were 24
dominated by transitions between minibands. The black line represents the sum of all 25
visible optical transitions. 26

For the three-stage structure (Fig. 2a), the D2 and D3 peaks were associated with 27
miniband transitions. Additionally, an interband transition (D1) was observed. The cor- 28
responding energies were 85 meV, 114 meV, and 290 meV, respectively. In this case, the 29
D2 transition was attributed to the HH1—C1 transition, which was confirmed by SR re- 30
sults (dashed blue line). The positions of these transitions were determined using the 31
method described in Refs.!. and those occurring within the energy gap were identified 32
using a Gaussian density of states model. 33
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For the five-stage structure (Fig. 2b), the PL spectrum shows two visible transitions:
D1 and D2, with energies of 114 meV and 205 meV, respectively. These transitions were
likely associated with miniband transitions.
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Figure 2. Measured PL (black solid lines), current responsivity (dashed blue lines) vs. energy
for LWIR InAs/InAs1xSbx T2SLs (xs» = 0.39) at 300 K, (a) 3 stages, (b) 5 stages

Additionally, the experimental results were compared with APSYS simulations. The
results demonstrated the influence of the number of stages on the visible transitions in the
PL spectrum. Both the nature and positions of the observed transitions were confirmed
by the simulations.

4. Conclusions

Experimental PL and SR results for LWIR ICIPs with InAs/InAsSb absorbers were
presented. Measurements were performed on samples with different numbers of stages.
The PL results provided information on transitions from minibands and intra-gap states
in the studied structures. SR measurements helped to isolate miniband transitions ,
which facilitated the analysis of visible transitions in PL spectra. However, transitions
with a NPD were also observed. Correlations were observed between the number of
stages and the visible optical transitions in the PL spectra. Additionally, the number of
stages was found to influence the position of transitions involving minibands. The exper-
imental results were consistent with APSYS simulation data.
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