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In the state-of-the-art infrared imaging technology, HgCdTe is the most prevalent material used in
high-performance infrared photodetectors. However, it has disadvantages such as containing hazard heavy
metals and costly fabrication process. To overcome such disadvantages, the InAs/GaSb type II superlattice (T2SL)
has caught wide attention recently. In this study, a simulation framework was developed to investigate the
properties of InAs/GaSb T2SL for detecting light in the mid wavelength infrared region. The effect of unipolar
barrier structure was also evaluated, which could significantly improve the dark current characteristics of the
infrared photodetectors.

Firstly, k*p band calculation and drift-diffusion device simulator were implemented in sequence to evaluate
the dark current. Simulation results demonstrated that the leakage current of the infrared photodiode depends on
the T2SL thickness ratio even with the same cut-off wavelength of 5 uym. Especially, it has been shown that in the
low reverse bias conditions at 77 K the ‘InAs-rich’ T2SL detectors exhibit smaller dark current than the
‘GaSb-rich’ ones, which results from the difference in the intrinsic carrier density. Moreover, under the higher
voltage and the higher doping level, the larger effective mass of ‘GaSb-rich’ T2SL can suppress the dark current
induced by the tunneling-related current leakage mechanisms.

Secondly, the properties of InAs/GaSb T2SL with various composition periods were investigated based on the
k*p band calculation. Considering the application of infrared photodetectors, the essential material parameters
were evaluated from the electronic band structure as a function of the width of InAs and GaSb layers. Under the
dark condition, the smaller effective mass in short period T2SL (especially with small GaSb layer width) could
result in the reduction of the Shockley-Read-Hall leakage current which is proportional to the intrinsic carrier
density. However, the increase of the dark current due to the enhanced band-to-band tunneling is also concerned
in high electric field conditions. On the other hand, in terms of the quantum efficiency, the smaller effective mass
results in the smaller joint density of states, which compensates the contribution of the large optical matrix
elements to the absorption coefficient in short period T2SL.

Thirdly, the performance of the barrier infrared photodetectors was investigated using the simulation
framework. Two different structures, i.e., p-barrier-n (pBn) and n-barrier-n (nBn), were evaluated and compared
to the conventional p-i-n photodiode without the barrier layer. In this study, the barrier and active regions were
designed with the same binary material using InAs/GaSb T2SL, whose bandgap was engineered by changing the
composition ratio. The simulation results suggested that both pBn and nBn structures could reduce the dark
current, but the mechanisms for the current leakage are different, and hence the different strategies are required
to optimize the doping density in the barrier region.

In summary, the characteristics of the infrared photodetectors using InAs/GaSb type II superlattices have
been investigated by using the simulation framework developed in this study. The physical mechanisms related to
the dark current and the quantum efficiency were clarified, which could contribute to design the higher

performance infrared photodetectors.
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