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Material robustness
Semiconductor families for infrared photodetection
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Antimonides for type-II superlattices
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• Material system includes InAs, GaSb, AlSb
and their alloys
• Nearly lattice matched (~6.1 Å)

• Alloys with GaAs, AlAs, and InSb adds even 
more flexibility

• Three types of band alignments
• Type-I (nested, straddling)
• Type-II staggered 
• Type-II broken gap (misaligned, Type-III)

• Unique among common semiconductor 
families

• Overlap between InAs CB and GaSb VB 
enables interband devices

• Tremendous flexibility in artificially designed 
materials / device structures

– Arsenides
– Antimonides
– Arsenide-Antimonides



Dark current mechanisms in a homojunction
diode
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• High performance IR detector requires good signal (photoresponse; QE) to 
noise (dark current) ratio
• High QE achieved using thick, strain-balanced absorbers

• Dark current mechanisms in a p-on-n homojunction
• Trap assisted tunneling, band-to-band tunneling

• G-R current from SRH processes in depletion region
• Diffusion dark current from Auger and SRH processes in quasi-neutral region

• Surface leakage current (not shown) 

• Designs based on heterostructures can enhance performance

D. R. Rhiger, J. Electronic Materials, 40(8) 1815 (2011)



Unipolar barriers
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• Unipolar barriers: 
• Block one carrier type, but allows 

un-impeded flow of the other

• Electron barrier

• Hole barrier
• Terminology introduced in Ting et al.

Appl. Phys. Lett. 95, 023508 (2009), now in 
common usage

• Using unipolar barriers to enhance 
semiconductor device performance
• DH Laser, H. Kroemer, Proc. IEEE 

1963

• DH Laser, Zh. I. Alferov and R. F. 
Kazarinov, patent certificate 
(Russian) 1963

Double Heterostructure Laser

Hole blocking barrier
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nBn detectors
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Maimon, S., and G. W. Wicks (2006). nBn detector, an infrared detector with reduced dark current and higher operating temperature. Appl. Phys. Lett. 89, 151109
Klipstein, P. (2008). ‘XBn’ barrier photodetectors for high sensitivity and high operating temperature infrared sensors. Proc. SPIE 6940, 69402U-2.

BIRD (nBn, XBn, pBn,..) utilizes unipolar barriers: 
• Block one carrier type, but allows un-impeded flow of the other

BIRD advantages
• Suppressed generation-recombination current
• Simplified fabrication process utilizing shallow etching into the barrier 
• Elimination of surface leakage currents

nBn utilizing an InAsSb/AlAsSb absorber-barrier combination 
• The most successful implementation of BIRD
• Cut-off wavelengths in this design is limited to about λc = 4 mm



Bulk InAsSb nBn performance at high T
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• Very good performance up to high temperatures
- High QE 

• λc = 3.8µm at T =77K
• λc = 4.7µm at T =325K

- Low dark current
• jd = 7x10-7 A/cm2 at T = 148K 
• jd = 6x10-2 A/cm2 at T = 246K

- High Detectivity
• BLIP below 225K
• D*(λ) = 5x109 (cm Hz0.5/W) at 250K
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A. Soibel, et. al., Room temperature performance of mid-wavelength infrared InAsSb nBn detectors, Applied Physics Letters 105, 023512 (2014)



InAsSb/InSb digital alloy
How to extend cut-off wavelength of InAsSb BIRD detectors? 
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• Digital alloy InAsSb/InSb is based on a simple modification of the standard nBn
• Periodic insertion of InSb monolayers

• 1 InSb monolayer to 14 monolayers of InAs0.92Sb0.08 (period 4.5 nm)
• Type-II broken-gap band alignment between InSb and InAsSb
• New level in valence band of InSb monolayer 

• Transition energy Eda < Eg , where Eg is InAsSb bandgap 
A. Soibel et. al., Mid-wavelength infrared InAsSb/InSb nBn detector with extended cut-off wavelength, Applied Physics Letters 109, 103505 (2016)



PL and absorption
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- At T = 77K, the digital alloy exhibits PL peak = 4.21µm 
- Compared to the = 3.79µm of InAs0.915Sb0.085 bulk material
- Compared to the = 5.5µm of InSb QD embedded in InAs0.915Sb0.085 bulk material

- The absorption spectrum of the 2µm thick digital alloy absorber is shown above 
- Absorption is a = 70% and the absorption coefficient is ac = 2900 cm-1 at λ = 3.4 µm

- The transmission of the GaSb substrate used for the growth of these devices was found to be 
higher than >95% for λ < 6µm

2.0 2.5 3.0 3.5 4.0 4.5 5.0
0

20

40

60

80

100

N
or

m
al

iz
ed

 P
L 

[a
. u

.]

T = 77K
Absorption

 InAsSb/InSb
PL

 InAsSb
 InAsSb/InSb

 

 

A
bs

or
pt

io
n 

[%
]

l(µm)



Minority carrier lifetime
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- The minority carrier lifetime in the digital alloy, tda = 500 ns, at T = 77 K
- The estimated radiative recombination time tr = 470-570 ns

• From the absorption spectrum and the carrier concentration, nabs = 3-4´1014 cm-3

• Close to the experimentally measured lifetime
• Radiative recombination controls the minority carrier lifetime at T = 77 K

- The minority carrier lifetime in InAs0.915Sb0.085 bulk material t bulk = 300 ns
• For carrier concentration of n = 1-2 x1015 cm-3



Carrier localization in InAsSb/InSb T2SLs
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average Sb mole fraction of 0.27 in the InAsSb layers. Both
of the superlattice samples (B and C) are strain-balanced to
the GaSb substrate, as confirmed by high-resolution x-ray
diffraction.

The minority carrier lifetimes of samples A (bulk
InAsSb alloy) and B (MWIR InAs/InAsSb T2SL) are meas-
ured using TRPL at 15 K. The samples are excited using a
Nd:YAG pulsed laser with a wavelength of 1064 nm. The
luminescence is collected using a liquid nitrogen cooled
HgCdTe detector with a time resolution of 20 ns. The tran-
sient integrated PL decay signal is processed by a boxcar
averager synchronized with the pulse laser. The measured
PL decays shown in Figure 1 become single exponential
after 1.5 ls and 8 ls following the laser excitation pulse for
samples A and B, respectively. The lifetimes extracted from
the single exponential decays are 1.24 ls for sample A, and
12.8 ls for sample B. The TRPL measurement of sample C
is reported elsewhere,2 showing a minority carrier lifetime of
280 ns at 11 K. As shown in the inset of Figure 1, the minor-
ity carrier lifetime of sample B monotonically decreases to
1.26 ls as temperature increases to 77 K, which is an order
of magnitude shorter than that at 15 K. On the contrary, the
minority carrier lifetimes of samples A and C do not
decrease as temperature increases from 15 K to 77 K. As will
be discussed later, for sample B at 15 K, the photo-generated
electrons and holes recombine through spatially separated
localized states. The wave function overlap between these
states is small, thus leading to a long minority carrier lifetime
of 12.8 ls.

Carrier localization is revealed by steady-state PL mea-
surement carried out through Fourier transform infrared
spectroscopy (FTIR). The samples are excited using an
808 nm laser with an excitation density of 50 mW/cm2.
Using such a relatively low optical excitation density ensures
that the excess carrier densities in all the samples are much
less than the unintentional background n-type doping of
!2" 1016 cm#3,2 close to the detector working conditions.
The PL peak energies and full-width at half maximums
(FWHM) of samples A, B, and C are plotted as a function of

temperature in Figure 2. The Varshni empirical expression
can be used to fit the temperature dependence of the PL peak
energy for samples A and C, as shown by the solid lines in
Figure 2. For sample B, however, the Varshni expression
only fits the data in the temperature range above 50 K. As
temperature increases from 15 K to 50 K, the PL peak energy
shows a significant blue shift of 3 meV, much larger than the
error bar limited by the FTIR system resolution of 0.25 meV.
The FWHMs in the PL spectra of samples A and C increase
monotonically as temperature increases, but the FWHM of
sample B shows the opposite trend below 40 K.

The PL peak blue shift with increasing temperature has
been reported and proven to be associated with strong carrier
localization.5,9 The origin of the localization is attributed to
the random disorder in the semiconductor which generates
potential fluctuations and leads to local potential minima,
acting as localization centers.9 In superlattices, the layer
thickness and alloy composition fluctuations also generate
localization centers and these fluctuations can happen later-
ally within one layer or vertically from layer to layer.12 For
example, Figure 3 schematically shows the carrier localiza-
tion due to layer-to-layer thickness fluctuation. The thicker
layers generate lower energy states which are decoupled
from the miniband, becoming localized states. At low
temperature and low optical excitation density, the photo-
generated electrons and holes are bound at these spatially
separated localization centers, and the optical transition
occurs between electron and hole localized states with corre-
spondingly lower transition energies and probabilities. As
temperature increases, carriers are thermally excited into the
extended states, and the PL peak shifts to higher energies. As
the temperature increases further, the carriers predominately
populate the extended states, and the photoluminescence
peak energy shifts to lower energies as the bandgaps of the
superlattice constituents become smaller.

At low temperatures, the PL linewidth broadens with
decreasing temperature when the carriers are localized. The
exchange of carriers between the localized states is difficult,
resulting in different Fermi levels at different localization
centers. The trapped excess carriers follow the statistical

FIG. 1. Time-resolved photoluminescence decays of samples A (bulk
InAsSb) and B (mid-wavelength infrared InAs/InAsSb type-II superlattice)
at 15 K. The minority carrier lifetimes of 1.24 ls and 12.8 ls are extracted
from the single exponential decays, respectively. The inset shows the carrier
lifetime of sample B as a function of temperature.

FIG. 2. Photoluminescence (PL) peak energy and full-width at half maxi-
mum (FWHM) of samples A (bulk InAsSb), B (MWIR InAs/InAsSb T2SL),
and C (LWIR InAs/InAsSb T2SL) as a function of temperature. As tempera-
ture increases from 15 K to 50 K, the peak energy of sample B increases by
3 meV and the FWHM decreases by 3 meV, indicating carrier localization.
The solid lines show the Varshni fit of PL peak energy as a function of
temperature.

201107-2 Lin et al. Appl. Phys. Lett. 107, 201107 (2015)
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Influence of carrier localization on minority carrier lifetime in InAs/InAsSb
type-II superlattices

Zhi-Yuan Lin, Shi Liu, Elizabeth H. Steenbergen,a) and Yong-Hang Zhangb)

Center for Photonics Innovation and School of Electrical, Computer, and Energy Engineering, Arizona State
University, Tempe, Arizona 85287, USA
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A long minority carrier lifetime of 12.8 ls in a mid-wavelength infrared InAs/InAsSb type-II
superlattice is observed at 15 K using time-resolved photoluminescence technique. The long carrier
lifetime is due to carrier localization, which is confirmed by a 3 meV blue shift of the photolumi-
nescence peak energy and the monotonic decrease of lifetime with increasing temperature from
15 K to 50 K, along with an increased photoluminescence linewidth below 40 K. In contrast, no
carrier localization is observed in a long-wavelength infrared type-II superlattice at the same
temperatures. Modeling results show that carrier localization is stronger in shorter period (9.9 nm)
mid-wavelength infrared superlattices as compared to longer period (24.2 nm) long-wavelength
infrared superlattices, indicating that the carrier localization originates mainly from InAs/InAsSb
interface disorder. Although carrier localization enhances carrier lifetimes, it also adversely affects
carrier transport, and thus should be carefully considered in the design and evaluation of
InAs/InAsSb type-II superlattice photodetectors. VC 2015 AIP Publishing LLC.
[http://dx.doi.org/10.1063/1.4936109]

Long minority carrier lifetime has been regarded as an
indicator of good device performance in InAs/InAsSb type-II
superlattice (T2SL) photodetectors because it leads to high
photo-generated carrier extraction efficiency and low dark
current.1 Optical approaches, such as time-resolved photolu-
minescence (TRPL),2 time-resolved differential transmis-
sion,3 and optical modulation response,4 have been used
to measure carrier lifetimes in InAs/InAsSb T2SL. The
lifetimes have been reported to be as long as 412 ns in
the long-wavelength infrared (LWIR) regime2 and 9 ls in
the mid-wavelength infrared (MWIR) regime3 at 77 K under
low excitation conditions, which is comparable to or longer
than that of HgCdTe in the same wavelength regimes. As a
criterion for optimizing the InAs/InAsSb T2SL photodetec-
tor performance, however, the carrier lifetimes measured
using optical approaches can be greatly enhanced by carrier
localization5 which has been widely observed in semicon-
ductor materials.5–9

When carrier localization is strong, spatially indirect
Shockley-Read-Hall (SRH) recombination dominates the
non-radiative recombination in optical measurements.9 In
contrast, generation-recombination (GR) dark current usually
follows the trend JGR! (sGR)"1, where sGR is the spatially
direct SRH generation lifetime in the depletion region.
Therefore, under the influence of carrier localization, the GR
dark current is underestimated if calculated using the opti-
cally measured carrier lifetime. Moreover, in the case of
strong carrier localization, carrier transport is inhibited8 and
the photo-generated carrier extraction efficiency could
potentially be diminished. It is therefore important to

identify whether carrier localization exists so as to properly
design and evaluate the InAs/InAsSb T2SL photodetectors
using the optically measured carrier lifetimes.

This paper demonstrates that the long minority carrier
lifetime of 12.8 ls at 15 K in a MWIR InAs/InAsSb T2SL is
the result of strong carrier localization. This finding indicates
that carrier localization needs to be taken into account when
designing and evaluating InAs/InAsSb T2SL photodetectors.

Three samples are grown by solid source molecular
beam epitaxy on (100)-oriented GaSb substrates, and are out-
lined in Table I. Sample A is a bulk InAsSb lattice-matched
to GaSb, sample B is a MWIR InAs/InAsSb T2SL, and sam-
ple C is a LWIR InAs/InAsSb T2SL. Detailed growth condi-
tions for samples A, B,10,11 and C2 were previously reported.
All samples have 500-nm-thick GaSb buffer layers to smooth
the substrate surface. The 1–lm-thick absorber layers of
samples A and B, and the 500-nm thick absorber of sample
C are sandwiched between 10-nm-thick AlSb barrier layers
which provide confinement to the photogenerated carriers in
the photoluminescence (PL) experiments. The entire struc-
ture is capped with 10 nm of GaSb (samples A and B) or
10 nm of InAs (sample C) to prevent oxidation of the upper
AlSb layer. Sample A has an Sb mole fraction of 0.09, and is
lattice-matched to the GaSb substrate. Sample B consists of
100 periods of 5.2 nm InAs/4.7 nm InAsSb with an average
Sb mole fraction of 0.19 in the InAsSb layers. Sample C con-
sists of 21 periods of 17.0 nm InAs/7.2 nm InAsSb with an

TABLE I. Summary of the sample structures.

Sample No. of periods dInAs (nm) dInAsSb (nm) xSb

A 1 0 1000 0.09

B 100 5.2 4.7 0.19

C 21 17.0 7.2 0.27

a)Present address: Air Force Research Laboratory, Materials and
Manufacturing Directorate, Wright-Patterson Air Force Base, 45433 Ohio,
USA.

b)Electronic mail: yhzhang@asu.edu

0003-6951/2015/107(20)/201107/4/$30.00 VC 2015 AIP Publishing LLC107, 201107-1
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A long minority carrier lifetime of 12.8 ls in a mid-wavelength infrared InAs/InAsSb type-II
superlattice is observed at 15 K using time-resolved photoluminescence technique. The long carrier
lifetime is due to carrier localization, which is confirmed by a 3 meV blue shift of the photolumi-
nescence peak energy and the monotonic decrease of lifetime with increasing temperature from
15 K to 50 K, along with an increased photoluminescence linewidth below 40 K. In contrast, no
carrier localization is observed in a long-wavelength infrared type-II superlattice at the same
temperatures. Modeling results show that carrier localization is stronger in shorter period (9.9 nm)
mid-wavelength infrared superlattices as compared to longer period (24.2 nm) long-wavelength
infrared superlattices, indicating that the carrier localization originates mainly from InAs/InAsSb
interface disorder. Although carrier localization enhances carrier lifetimes, it also adversely affects
carrier transport, and thus should be carefully considered in the design and evaluation of
InAs/InAsSb type-II superlattice photodetectors. VC 2015 AIP Publishing LLC.
[http://dx.doi.org/10.1063/1.4936109]

Long minority carrier lifetime has been regarded as an
indicator of good device performance in InAs/InAsSb type-II
superlattice (T2SL) photodetectors because it leads to high
photo-generated carrier extraction efficiency and low dark
current.1 Optical approaches, such as time-resolved photolu-
minescence (TRPL),2 time-resolved differential transmis-
sion,3 and optical modulation response,4 have been used
to measure carrier lifetimes in InAs/InAsSb T2SL. The
lifetimes have been reported to be as long as 412 ns in
the long-wavelength infrared (LWIR) regime2 and 9 ls in
the mid-wavelength infrared (MWIR) regime3 at 77 K under
low excitation conditions, which is comparable to or longer
than that of HgCdTe in the same wavelength regimes. As a
criterion for optimizing the InAs/InAsSb T2SL photodetec-
tor performance, however, the carrier lifetimes measured
using optical approaches can be greatly enhanced by carrier
localization5 which has been widely observed in semicon-
ductor materials.5–9

When carrier localization is strong, spatially indirect
Shockley-Read-Hall (SRH) recombination dominates the
non-radiative recombination in optical measurements.9 In
contrast, generation-recombination (GR) dark current usually
follows the trend JGR! (sGR)"1, where sGR is the spatially
direct SRH generation lifetime in the depletion region.
Therefore, under the influence of carrier localization, the GR
dark current is underestimated if calculated using the opti-
cally measured carrier lifetime. Moreover, in the case of
strong carrier localization, carrier transport is inhibited8 and
the photo-generated carrier extraction efficiency could
potentially be diminished. It is therefore important to

identify whether carrier localization exists so as to properly
design and evaluate the InAs/InAsSb T2SL photodetectors
using the optically measured carrier lifetimes.

This paper demonstrates that the long minority carrier
lifetime of 12.8 ls at 15 K in a MWIR InAs/InAsSb T2SL is
the result of strong carrier localization. This finding indicates
that carrier localization needs to be taken into account when
designing and evaluating InAs/InAsSb T2SL photodetectors.

Three samples are grown by solid source molecular
beam epitaxy on (100)-oriented GaSb substrates, and are out-
lined in Table I. Sample A is a bulk InAsSb lattice-matched
to GaSb, sample B is a MWIR InAs/InAsSb T2SL, and sam-
ple C is a LWIR InAs/InAsSb T2SL. Detailed growth condi-
tions for samples A, B,10,11 and C2 were previously reported.
All samples have 500-nm-thick GaSb buffer layers to smooth
the substrate surface. The 1–lm-thick absorber layers of
samples A and B, and the 500-nm thick absorber of sample
C are sandwiched between 10-nm-thick AlSb barrier layers
which provide confinement to the photogenerated carriers in
the photoluminescence (PL) experiments. The entire struc-
ture is capped with 10 nm of GaSb (samples A and B) or
10 nm of InAs (sample C) to prevent oxidation of the upper
AlSb layer. Sample A has an Sb mole fraction of 0.09, and is
lattice-matched to the GaSb substrate. Sample B consists of
100 periods of 5.2 nm InAs/4.7 nm InAsSb with an average
Sb mole fraction of 0.19 in the InAsSb layers. Sample C con-
sists of 21 periods of 17.0 nm InAs/7.2 nm InAsSb with an

TABLE I. Summary of the sample structures.

Sample No. of periods dInAs (nm) dInAsSb (nm) xSb

A 1 0 1000 0.09

B 100 5.2 4.7 0.19

C 21 17.0 7.2 0.27

a)Present address: Air Force Research Laboratory, Materials and
Manufacturing Directorate, Wright-Patterson Air Force Base, 45433 Ohio,
USA.
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distribution of the localization energy instead of a global
Fermi distribution, which broadens the PL spectra. The small
wavefunction overlap between the localized states, which
leads to a long minority carrier lifetime for optical transitions
associated with these low-energy states at low temperatures,
is responsible for the long carrier lifetime of 12.8 ls at 15 K
for sample B (MWIR T2SL). As temperature increases,
more carriers are populated into the extended states with
larger wavefunction overlap, leading to the rapid decrease of
carrier lifetime.

Since sample A (bulk InAsSb) does not exhibit any PL
peak blue shift or linewidth broadening, the possibility of
disorder in the bulk material, such as dopant atoms acting as
localization centers, can be excluded. Therefore, it suggests
that the localization is related to the period of the superlattice
or the Sb composition of the InAsSb layer. Since sample C
(LWIR sample) contains a larger Sb mole fraction than sam-
ple B (MWIR sample) in the InAsSb layers, Sb composi-
tional fluctuations and Sb diffusion from InAsSb layers to
InAs layers13 could lead to greater disorder in sample C, but
the absence of carrier localization in sample C indicates that
Sb compositional fluctuation and diffusion are not the main
cause of carrier localization. Therefore, the strong carrier
localization in sample B must be attributed to the superlattice
periods. Layer thickness fluctuations on the order of one
monolayer are expected in MBE-grown samples.12 Such
layer thickness fluctuations are similar in samples B and C
due to their similar lattice constants. The InAs and InAsSb
thicknesses in sample B are smaller than those in sample C,
therefore a monolayer variation in thickness is a greater frac-
tion of the total layer thickness of sample B than that of sam-
ple C, leading to a stronger potential fluctuation. A transfer
matrix method assuming one layer deviates from superlattice
periodicity is utilized to calculate and compare the effect of
such disorder in samples B and C. In InAs/InAsSb T2SLs,
the electron quantization energy is mainly determined by the
thickness of the InAs layer, and the hole quantization energy
is mainly determined by the thickness of the InAsSb layer.
The energy shift of the localized state due to the thickness

variation is shown in Figure 4. In Figure 4(a), an InAs layer
thickness variation of 1 monolayer causes a 1.6 meV shift of
the electron quantization energy in sample B, 167% larger
than the shift of 0.6 meV in sample C. In Figure 4(b), 1
monolayer fluctuation of the InAsSb layer thickness causes
the hole quantization energy to fluctuate 3.0 meV in sample
B, 150% larger than the shift of 1.2 meV in sample C. These
comparisons of energy shifts indicate a weaker potential
fluctuation in sample C than in sample B. Therefore, the
carriers in sample C require much less thermal energy to
overcome the localization potential barrier introduced by the
monolayer fluctuation. This calculation shows that the super-
lattice with shorter period has larger potential variation due
to the random monolayer variation of the InAs and InAsSb
layer thicknesses. Note that the energy fluctuations in sample
B are comparable to the average carrier kinetic energy of
1.9 meV at 15 K, therefore they can be responsible for the
carrier localization in InAs/InAsSb T2SLs. As a result, PL
peak blue shift and linewidth broadening at low temperature
are observed only in sample B and not in sample C.
Furthermore, in InAs/InAsSb T2SLs with periods shorter
than sample B (9.9 nm), the potential variation is larger and
carrier localization could potentially occur at higher temper-
atures, such as 77 K where typical infrared photodetectors
operate.

In summary, a significant 3 meV PL peak blue shift with
increasing temperature from 15 K to 50 K, along with the PL
linewidth broadening with decreasing temperature below

FIG. 3. Schematic representation of the carrier localization due to layer-to-
layer thickness fluctuation. The localized states are generated when one
layer is thicker than the surrounding layers in the superlattice. At low tem-
peratures, the dominant optical transition occurs between the localized
states. At temperatures greater than 50 K, the dominant optical transition
occurs between extended states due to thermal de-localization.

FIG. 4. Electron and hole energy shift of the decoupled states DEe and DEh

introduced by a disordered InAs (a) and InAsSb (b) layer in samples B and
C at 15 K.
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• Hypothesis: localization caused by 
monolayer fluctuations.

• Localized states dominate at low T
• If true, SLs with shorter periods 

(than 9.9nm) should show increased 
effect

IDEA: Let’s take this to the 
extreme



InAsSb/InSb digital alloy
How to extend cut-off wavelength of InAsSb BIRD detectors? 
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• Digital alloy InAsSb/InSb is based on a simple modification of the standard nBn
• Periodic insertion of InSb monolayers

• 1 InSb monolayer to 14 monolayers of InAs0.92Sb0.08 (period 4.5 nm)
• Type-II broken-gap band alignment between InSb and InAsSb
• New level in valence band of InSb monolayer 

• Transition energy Eda < Eg , where Eg is InAsSb bandgap 
A. Soibel et. al., Mid-wavelength infrared InAsSb/InSb nBn detector with extended cut-off wavelength, Applied Physics Letters 109, 103505 (2016)



Bulk vs. digital alloy (PL peak)
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Digital alloy displays sudden 14 meV blue shift at 35 K



Bulk vs. digital alloy (FWHM)
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Digital alloy displays spike in FWHM as temperature falls below 35 K



Bulk vs. digital alloy (minority carrier lifetime)
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• Digital alloy displays spike in lifetime as temperature falls below 35 K
• Minority carrier lifetime measured by optical modulation response
• Donetsky et al., APL 97, 052108 (2010)



Comparison (bulk vs. digital alloy)
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InAsSb Bulk
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InAsSb/InSb digital alloy
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Conclusions

• InAsSb/InSb digital alloy shows 14 meV blue shift in 
photoluminescence peak at 35 K

• InAsSb/InSb digital alloy shows sudden spike in FWHM at 35 K, 
but this may be misleading...

• … because it shows two peaks!

• Below this transition minority carrier lifetime increases from ~500-
600 ns to ~1800 ns

• All of this is indicative of carrier localization below 35 K

• Two peaks consistent with localized states hypothesis
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