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Long-wavelength infrared (LWIR) focal plane arrays (FPAs) are of particular im-
portance in thermal imaging, remote sensing, and defense applications due to their abil-
ity to detect thermal signatures in the 8—12 um spectral range. Among various material
systems under development for LWIR photodetectors, InAs/InAsSb type-II superlattices
(T2SLs) have emerged as highly promising candidates, offering superior bandgap engi-
neering flexibility, suppressed Auger recombination, and compatibility with mature
III-V semiconductor processing [1-4].

To overcome the limitations of conventional photodiodes, particularly high dark
current associated with surface leakage and Shockley—-Read-Hall (SRH) generation, the
nBn detector architecture has gained widespread attention. The nBn structure incorpo-
rates a wide-bandgap barrier layer between two n-type regions to effectively suppress
bulk dark current while maintaining efficient collection of photo-generated carriers [5].

A key performance metric for LWIR detectors intended for integration into cooled
FPAs is the dark current density, which must be sufficiently low to ensure back-
ground-limited infrared performance (BLIP) and compatibility with standard readout
integrated circuits (ROICs). The so-called "Rule 07" provides a widely accepted empirical
benchmark for dark current density as a function of cutoff wavelength and temperature
[6]. Notably, properly designed nBn detectors based on InAs/InAsSb T2SLs are capable
of achieving dark current levels that approach or even meet the Rule 07 limit, particularly
at typical operating temperatures around 77 K [7,8].

This work presents an initial attempt in the design and optimization of nBn detec-
tors using InAs/InAsSb T2SL absorbers tailored for LWIR FPA. Although the nBn design
inherently eliminates depletion at the barrier interface, minimizing tunneling, generation
and recombination (GR) noise and surface leakage current—key challenges in LWIR
detection, practical implementations still exhibit some unwanted effects. We analyze the
influence of material parameters on the device performance to identify and eliminate the
issues.

Device epitaxial layer was grown on 3-inch GaAs (100) substrate using the molecu-
lar beam epitaxy (MBE) technique on a RIBER COMPACT 21 DZ system. This equipment
featured standard effusion cells for gallium (Ga), indium (In), and aluminum (Al), as well
as "valved cracked" cells for arsenic (As) and antimony (Sb). The device utilizes an nBn
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design with an InAs/InAsSb T2SL active layer and an AlGaAsSb barrier. Absorber su-
perlattice with a period of 8.96 nm and a total thickness of 0.8 pm optimized for a cutoff
wavelength of about 9 um at 80 K.

Figure 1 shows the spectral response of a photodetector measured at 80 K under
three different bias voltages. The cut-off wavelength, defined as the wavelength at which
the quantum efficiency (QE) drops to near zero, is approximately 8.5 um, independent of
the applied bias voltage. The QE increases significantly when a negative bias is applied,
and saturates above —0.1 V. This suggests that the barrier in the valence band is well
aligned.
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Figure 1. Quantum efficiency (QE) as a function of wavelength for different bias voltages at a
temperature of 80 K.

The dark current density versus voltage plots measured over a wide temperature
range are presented in Figure 2. Each curve corresponds to a specific temperature from
40 K to 280 K in 20 K steps. The measurements were performed symmetrically in forward
and reverse bias. The barrier structure reduces the tunneling and GR currents, but does
not eliminate them completely. This is better visible in the diagram for the dark current
density versus temperature (Fig. 3).
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Figure 2. Dark current density versus voltage for various temperatures in the range 40-280 K.
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The experimental results were fitted with an analytical model that takes into account
the diffusion and GR currents. The diffusion current arises from the thermal generation
of carriers in the un-depleted semiconductor and its density can be expressed as

Idifzm(i'l' - } 1)

Nmaj ‘T4 TSRH

where g is the electron charge, ni is the intrinsic carrier concentration, ta is the diffusion
region thickness, Numdj is the majority carrier density, 74 is the lifetime due to Auger re-
combination, and 7sru is the lifetime for recombination through SRH centres in the
bandgap.

When the depletion region occurs within the absorber region, the additional deple-
tion current component is visible. The GR current density can be expressed as

__ gnii¥
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where W is the width of the depletion region.
The selected fitting parameters for absorber layer are shown in the inset of Figure 3.
A detailed description of the model and parameters is described elsewhere [9,10].

2

10
’ U=-0.1
10 ° Exp. =
Diff. /
GR
— 10° Total P
N “
5 10™
<
2
g 1072
[0
° 3
€ 10
o
3, -
g 10 Fitting parameters:
© E, =150 meV
e 10 t,= 0.8 um
° N, =5%x10" cm™
10’6 L) m’; /I’ﬂ0 =0.02
. my, Im,= 0.5
7 FF=0.2
107¢ Tomn = 1 US
107
40 80 120 160 200 240 280

Temperature [K]

Figure 3. Dark current density versus temperature.

In the high temperature range the current is limited by the diffusion mechanism,
while in the low temperature range it is limited by the GR mechanism and an additional
one, not included in the model, which may even be a surface leakage current [11]. The
transition temperature between the diffusion current and GR is 130 K. At the target op-
erating temperature of LWIR FPA (80 K), the dark current density is 1 A/cm? at -1 V,
which is two orders of magnitude higher than defined by the "Rule 07". Eliminating the
GR component by proper design of the nBn device can achieve this limit.

In conclusion, this study provides a comprehensive analysis of the LWIR photode-
tector's performance across a wide range of temperatures. The nBn detector with a cut-off
wavelength of 8.5 pm at 80 K shows an improved QE under reverse bias. Dark current
analysis demonstrates the interplay between diffusion and GR mechanisms, with a tran-
sition temperature of 130 K. Analytical calculations show that there is potential for im-
provement through optimized nBn device design to achieve the “Rule 07” benchmark.
Future work should focus on improving the barrier structure to further suppress tun-
neling and GR currents, potentially achieving performance levels comparable to current
FPA standards.
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