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ABSTRACT: Infrared detectors using monolithically integrated doped
semiconductor “designer metals” are proposed and experimentally demon-
strated. We leverage the “designer metal” groundplanes to form resonant
cavities with enhanced absorption tuned across the long-wave infrared
(LWIR). Detectors are designed with two target absorption enhancement
wavelengths: 8 and 10 μm. The core of our detectors are quantum-
engineered LWIR type-II superlattice p-i-n detectors with total thicknesses of
only 1.42 and 1.80 μm for the 8 and 10 μm absorption enhancement devices,
respectively. Our 8 and 10 μm structures show peak external quantum
efficiencies of 45 and 27%, which are 4.5× and 2.7× enhanced, respectively,
compared to control structures. We demonstrate the clear advantages of this
detector architecture, both in terms of ease of growth/fabrication and
enhanced device performance. The proposed architecture is absorber- and device-structure agnostic, much thinner than state-of-the-
art LWIR T2SLs, and offers the opportunity for the integration of low dark current LWIR detector architectures for significant
enhancement of IR detectivity.
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The mid-infrared (mid-IR) has emerged as a vital
wavelength range for a wide variety of defense, sensing,

and fundamental science applications. While the development
of the quantum and interband cascade lasers revolutionized
mid-IR sources, the “state-of-the-art” mid-IR detector remains
the HgCdTe (MCT) photodiode, unchanged for the past 4 or
5 decades. Recently, the type-II superlattice (T2SL) has been
proposed as a potential replacement for the HgCdTe material
system.1,2 T2SLs consist of alternating layers of semi-
conductors with type-II band offsets, which form superlattice
minibands with effective band-gaps, tunable both by the choice
of materials and the thickness of each nanoscale layer. Mid-IR
detector structures using T2SL materials allow for widely
tunable (3−30 μm) absorption and are predicted to be able to
achieve improved performance over MCT.3 T2SL detectors
are most often grown by molecular beam epitaxy (MBE),
offering excellent uniformity on relatively affordable GaSb or
InAs substrates. Typical T2SL detectors have weaker
absorption than bulk alloys with similar cutoff wavelengths
and, thus, require thick absorber layers (multiple microns) to
achieve the equivalent responsivity as a bulk material with the
same cutoff wavelength.4−7 The thicker absorbers required for
the T2SL-based detectors increases the cost of detector
growth, as well as decreases tolerance for strain accumulation
due to lattice mismatch over the course of the hundreds of
epitaxial layers which comprise a typical T2SL absorber region.
Even were these materials to be grown perfectly lattice-
matched, the use of thicker absorber layers is not a panacea for

the weaker T2SL absorption. First, the finite diffusion length of
photogenerated carriers reduces the probability of collection
for carriers excited farther from the collector junction of a
detector. Thus, while increasing the thickness of the T2SL
absorber layers can boost the overall absorption efficiency of
the T2SL, each additional absorbed photon is less likely to be
collected as current. In addition, thicker absorber layers also
introduce greater detector dark current, which for a diffusion
limited detector, scales as3
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where q is the electron charge, ni is the intrinsic carrier
concentration, d is the detector thickness, n0 is the electron
density, and τmc is the minority carrier lifetime. Therefore, the
detector thickness is directly proportional to the dark current
in a diffusion-limited detector. For high-temperature operation
low dark current is necessary as the intrinsic dark current
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ultimately determines the detectors’ background-limited
performance.
There is thus significant motivation to design either detector

materials, or detector architectures, which are capable of strong
absorption in thin (≲2 μm) absorber regions. While the
absorption cutoff of typical T2SL materials can be spectrally
engineered, it can be more difficult to control the magnitude of
the absorption coefficient, for a given cutoff wavelength,
without adversely affecting the diffusion length of the minority
carriers in the T2SL. This trade-off is a result of the stronger
overlap between electron and hole wave functions in the
semiconductor superlattice required to increase the T2SL
absorption coefficient. Such wave function engineering has, as
an unwelcome consequence, increased recombination rates
and decreased vertical mobility due to the greater localization
of the charge carrier wave functions, both of which will
decrease minority carrier diffusion lengths.8,9 However, for a
given absorber design, the effective absorption coefficient can
be increased by engineering the optical, not electronic,
structure of the detector, increasing the interaction of incident
light with the absorber. Previous work on thin T2SL detectors
has leveraged plasmonic modes, metasurfaces, grating modes,
or distributed Bragg reflectors10−14 in order to locally enhance
the overlap of the incident light’s field with the T2SL absorber
material. In most cases, such approaches require either
significant additional growth (Bragg reflectors) or complicated
fabrication protocols, including grating fabrication, surface
patterning, or even substrate removal and metallization both
above and below the micron-scale thickness T2SL.
In this work we propose an architecture for long-wavelength

infrared (LWIR) detector absorption enhancement which
requires no additional fabrication or patterning processes. Our
device architecture leverages monolithic integration of LWIR
absorber materials with epitaxially grown doped semiconductor
plasmonic “designer metals” to create a resonant cavity
enhancement (RCE) detector.15 Doped semiconductors are
a particularly intriguing material for mid-IR plasmonic
applications; for high doping concentrations and small effective
masses, doped semiconductors can behave as mid-IR
plasmonic materials with optical response obeying the Drude
formalism. These “designer metals”, when epitaxially grown,
offer control over the spectral range of plasmonic behav-
ior,16−18 as well as control over the dimensions and doping
profile of the plasmonic layers with the atomic precision of
MBE. Perhaps most importantly these heavily doped semi-
conductors offer the potential for monolithic integration of
plasmonic materials with not only mid-IR quantum engineered
emitters,19 but as we show here, optoelectronic device
architectures.20 We numerically simulate and experimentally
demonstrate significant absorption enhancement in thin LWIR
detectors, resulting in detector efficiencies commensurate with
those of much thicker detectors found in the literature. Our
approach provides a demonstration of the potential for
monolithically integrated semiconductor plasmonics and
optoelectronics at LWIR wavelengths and opens the door to
a range of hybrid plasmonic/optoelectronic devices for LWIR
applications.
Shown in Figure 1a is the simulated absorption from a

LWIR detector, for a range of absorber thicknesses (0.1 < d <
3.0 μm), grown on a semiconductor substrate, as is typical for
single element detectors. In such a system, absorption
efficiency is weak (<40%) even at short wavelengths and
effectively nonexistent in the LWIR. Alternatively, enhanced

absorption can be achieved by “flip-chipping” the sample,
metallizing the epitaxially grown surface and bonding the
metallized surface, substrate up, to a carrier wafer. In such a
configuration, light is incident from the backside of the device,
through the semiconductor substrate. The metallized ground-
plane then effectively provides a “double-pass” configuration
for enhanced absorption in the detector due to the high
reflectivity of the metal in the LWIR. Figure 1b shows the
simulated absorption for the metallized top surface detector,
with the same absorber modeled in Figure 1a, assuming a
lossless substrate, an assumption that may significantly
overestimate the actual absorption in such a configuration,
given the non-negligible losses in typical LWIR detector
substrates.21 As expected, the absorption in Figure 1b is
enhanced relative to the traditional as-grown structure (Figure
1a). However, thick detector structures (>3 μm) are still
required to achieve even ∼40% absorption in the technolog-
ically relevant 8−12 μm region.22 To overcome this thickness
limit we propose a monolithically integrated doped semi-
conductor groundplane with a plasma wavelength (λp) in the
mid-infrared. The highly doped semiconductor, for λ > λp, will
have a negative permittivity (see Methods) and, thus, high
reflectivity at the virtual substrate/T2SL interface. For a given
T2SL thickness, the three-layer system (virtual substrate/
T2SL/air) will form a leaky cavity, resulting in strong field
confinement, a minimum in the reflection spectrum, and
enhanced absorption. Shown in Figure 1c is the geometry and
the simulated absorption spectra of our proposed architecture,
assuming a “designer metal” with plasma wavelength λp = 7 μm
and scattering rate τ = 1 × 1013, in line with typical parameters
for heavily doped semiconductors.17,18,23 Notably, absorption
>40% is predicted for detector thicknesses on the order of 1−
1.5 μm, much thinner than the ∼2.5 μm needed for the same
absorption in the flip chipped implementation. The absorption
feature for the doped groundplane configuration, while
localized spectrally, is broad enough to provide significantly
enhanced absorption across the entire LWIR. Additionally, the
detector configuration in Figure 1c can be implemented all-
epitaxially, meaning that no extraordinary fabrication methods
are required to achieve the enhanced absorption.

Figure 1. Simulated absorption for three different detector
architectures as a function of detector thickness and wavelength.
Simulated absorption and detector stack for (a) a LWIR absorber
grown on a dielectric substrate, (b) the same structure, with the top
surface Au-metallized and the detector “flip-chipped” and illuminated
through the substrate, and (c) our monolithically integrated
plasmonic implementation. Both the metallized and substrate
illuminated and the proposed monolithically integrated plasmonic
groundplane devices have better performance than the simple LWIR
absorber grown on a dielectric substrate. However, the architecture
shown and modeled in (c) has significantly better performance in the
LWIR, particularly for thin cavities (d = 1−2 μm).
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In order to implement and demonstrate the effectiveness of
the proposed architecture, we grow p-i-n T2SL detectors of
two different cavity thicknesses, targeting 8 and 10 μm
absorption enhancement, with two different “virtual sub-
strates”, one heavily n-type doped (n++) and one more lightly
doped (n), for each detector thickness. We demonstrate
significant absorption enhancement in our n++ devices,
compared to the more lightly doped n devices, and
demonstrate control over the spectral enhancement by choice
of T2SL thickness (d). Our results are compared to numerical
simulations with excellent agreement.

■ RESULTS AND DISCUSSION
The growth, fabrication, characterization, and modeling of our
detectors is primarily described in the Methods section. Our
architecture is effectively the doped semiconductor structure
shown in Figure 1c: an absorber region grown above a n++

designer metal virtual substrate. The absorber thicknesses
above the virtual substrate are engineered to form resonant
cavities at 8 μm (d = 1.42 μm) and 10 μm (d = 1.80 μm). To
quantify the achievable absorption enhancement, we also grow
control structures which mirror each of the n++ devices, but
which replace the n++ virtual substrate with a moderately
doped n virtual substrate. The device structures and 83 K
reflection spectra from both the d = 1.42 μm and d = 1.80 μm
n++ and n structures are shown in Figure 2. A clear dip in

reflection at 8 μm for the d = 1.42 μm detector and at 10 μm
for the d = 1.80 μm thick detector are observed for the samples
with the n++ virtual substrates, corresponding to resonant
cavity modes of the dielectric T2SL layer on the plasmonic
virtual substrate. Though the samples with the more lightly
doped virtual substrates also show reflection dips, these
features are red-shifted and less pronounced, suggesting the
presence of a comparatively weak cavity mode associated with
the reflection from the dielectric−dielectric interface between
the virtual substrate and T2SL (as the virtual substrates of the

n detectors have λp = 13.1 μm and are thus not optical metals
at the cavity resonance).
The optical properties of the epitaxial stacks are simulated

numerically using a rigorous coupled wave analysis (RCWA)
package,24 in order to understand the mode confinement of
each device as a function of incident wavelength. Figure 3

shows the electric field amplitude |E|2 as a function of position
in the detector, for the d = 1.42 μm and d = 1.80 μm n++ and n
devices both on resonance, Figure 3b,d, and off resonance,
Figure 3a,c. A significant enhancement of the electric field
magnitude is evident for the n++ devices on resonance, whereas
the n device has approximately the same electric field
magnitude for both on and off the n++ devices’ resonances.
The field profiles in Figure 3 indicate that incident light is
coupling to a second order (d ∼ 3λ/4n) leaky cavity mode
(where n is the index of refraction and d is the thickness of the
T2SL). There is the possibility that the additional cavity modes
could reduce the radiative lifetime of carriers and as such
reduce detector response. However, the radiative lifetime in
the specific T2SL system utilized has shown to be long,25

especially relative to other recombination mechanism times, so
it is unlikely that the proposed cavity adversely affects carrier
collection. For the p-i-n detectors employed in this work, a
non-negligible amount of the total field is present in the p and
n contact layers. Photogenerated carriers in these regions are
significantly less likely to contribute to the photocurrent, due
to the small depletion region in the contacts, the short
recombination times in heavily doped LWIR materials,25 and
for the n-contact, the presence of tightly bound surface-
plasmon-polariton modes at the n-contact/virtual substrate
interface.19

To predict the expected magnitude of the RCE, we thus
simulate absorption in only the i-region of each detector, using
the same RCWA model described above. Shown in Figure 4a is
the simulated absorption for both n++ detectors and their

Figure 2. Low temperature (83 K) reflection from the as-grown
samples investigated in this work. (a) Reflection from the d = 1.42 μm
thick samples with n++ (blue) and n (light-blue) virtual substrates
targeting λ = 8 μm absorption enhancement. (b) Reflection from the
d = 1.80 μm thick samples with n++ (red) and n (light-red) virtual
substrates targeting λ = 10 μm absorption enhancement. The sample
structures are shown to the right of the reflection spectra for that
sample. Dotted lines show the simulated reflection from the
structures, treating the n++ layer as a Drude metal and the absorber
with a simple E E E( ) 0 gα α= − dependence, where α0 = 4500

cm−1. We use half max (fwhm) to the long-wavelength edge of the 83
K photoluminescence (PL) spectrum of the control (n) sample (PL
and fit provided in the Supporting Information).

Figure 3. Simulated field profiles for the n++ (blue) and n (light-blue)
d = 1.42 μm thick detectors (a) off resonance (λ = 6.6 μm) and (b)
on resonance (λ = 8.2 μm). Simulated field profiles for the n++ (red)
and n (light-red) d = 1.80 μm thick detectors (c) off resonance (λ =
7.6 μm) and (d) on resonance (λ = 9.8 μm). The detector stacks are
shown to the right of the corresponding field plots.
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respective controls. The absorption coefficient used to model
the absorber is the same as was used for the simulations shown
in Figure 2: E E E( ) 0 gα α= − , where Eg = 96.55 meV (12.7

μm), as determined from photoluminescence (PL; see
Supporting Information), and αo = 4500 cm−1, in line with
typical absorption coefficients of LWIR T2SL materials.26 The
results of our numerical simulations predict significant
absorption enhancement at λ = 8 μm for the d = 1.42 μm
thick detector and at λ = 10 μm for the d = 1.80 μm thick
detector, with both detectors showing peak absorption nearing
40%. Additionally, we see a clear enhancement in the predicted
response of the n++ virtual substrate devices when compared to
the weak absorption in the moderately doped virtual substrate
detectors.
Each of the four detectors’ spectral response and

responsivity are measured experimentally, see Methods for a

thorough description of both experiments, and from this the
external quantum efficiency (EQE) for the n++ and n detectors
are calculated and shown in Figure 4b. The spectral locations
of the peak EQEs of both RCE n++ detectors are at the
designed/simulated wavelengths (Figure 4a), and the peak
EQE amplitudes are approximately 4.5× (2.5×) the EQEs of
the moderately doped virtual substrate devices for the d = 1.42
μm (d = 1.80 μm) detectors. Additionally, the resonant cavity
structures possess comparable response to the moderately
doped virtual substrate devices outside of the target enhance-
ment wavelength. The comparable out-of-band response can
be simply understood by the fact that the quality factor, and
therefore finesse, of our cavity is relatively small due to the low
reflectivity of the air/semiconductor interface. To quantify the
broadband EQE enhancement, we calculate the broadband
enhancement factor (F), which is the ratio of the n++ detector’s
integrated EQE over the moderately doped detector’s
integrated EQE in the technologically relevant 8−12 μm
range, see Methods for integration specifics. We find that F is
equal to 1.70 (1.56) for the d = 1.42 μm (d = 1.80 μm)
detectors, indicating the broadband EQE of the n++ structures
are enhanced.
The strongly enhanced response of the photodetectors

grown on the n++ virtual substrates provides clear evidence for
the significant improvement in photodetector operation
achievable by direct integration of epitaxial plasmonic materials
with IR optoelectronic devices. In this work we use T2SL p-i-n
structures as our photodetectors, as they provide a continuous
absorber region where we can assume that all photoexcited
charge carriers are collected as current. This allows us to
compare responsivity for detectors of varying thicknesses and
different groundplanes. The current state-of-the-art T2SL
generally employs a bariode architecture (nBn27 or
CBIRD5), which possess significant advantages in terms of
dark current. However, charge collection efficiency for the
bariode devices is not uniform across the absorber region (as
photoexcited charge carriers must diffuse to the barrier
junction). Thus, for a bariode device, the collection efficiency
is a convolution of the spatial profiles of the absorption and
charge collection efficiency, making comparison of detectors
with differing absorber thickness and field profiles more
complicated. Future efforts will replace the p-i-n detectors of
this work with bariode structures, in order to reap the benefits
not only of the enhanced absorption demonstrated here, but
the significantly lower dark currents achievable with thin
barrier-based photodetector architectures.

■ CONCLUSIONS
We have proposed and demonstrated a photodetector
architecture leveraging the monolithic integration of highly
doped semiconductor plasmonic materials with quantum
engineered LWIR photodetector structures. The use of the
doped semiconductor virtual substrates allows for resonant
confinement of LWIR light in the detector absorber region,
significantly boosting the detector response. Specifically, the
use of the monolithic RCE architecture allows for greater
absorption efficiency, in thinner absorber layers, than would be
possible for detectors grown on traditional semiconductor
substrates or even using continuous metal top contacts and
backside illumination (the “double-pass” configuration). To
demonstrate the achievable absorption enhancement in our
proposed architecture, we grew photodetector devices on
plasmonic virtual substrates with two different absorber

Figure 4. (a) Simulated absorption in the intrinsic region of all of the
detectors studied in this work. (b) Experimentally measured EQE of
our RCE detectors with their respective controls. Strong enhancement
in signal for both the d = 1.42 and 1.80 μm n++ detectors is seen
across the integrated LWIR and specifically at their design
wavelengths.
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thicknesses, targeting resonant cavity enhancement at λ = 8 μm
and 10 μm. The performance of both detectors are compared
to the performance of the same detector structures grown on
moderately doped (non-plasmonic) virtual substrates.
Reflection spectra from the d = 1.42 and 1.80 μm n++ RCE

detectors confirms the presence of a cavity resonance at the λ =
8 and 10 μm design wavelengths. Numerical simulations of the
detectors, on resonance, demonstrate a strong field enhance-
ment for the n++ virtual substrate devices, when compared to
the devices with the moderate n-doped virtual substrates.
These simulations predict a 4× enhancement in absorption for
our RCE detectors relative to their moderately doped control
devices. Measured EQE of the fabricated detectors verifies a
significant (4.5× and 2.5×) peak EQE enhancement, on
resonance, for the d = 1.42 and 1.80 μm thick detectors at λ =
8.2 and 9.8 μm, respectively, compared to their control devices.
Because the proposed and demonstrated cavity absorption
enhancement is effectively unrelated to the type of integrated
detector, our approach is compatible with a range of alternative
photodetector device architectures, including bariode devices
such as nBn27 or CBIRD5 detectors, which could significantly
improve noise performance and which would be less
susceptible to parasitic contact absorption. The monolithic
integration of epitaxial plasmonic materials with infrared
optoelectronic elements, proposed and demonstrated in this
work, offers a powerful new approach for the design of LWIR
photodetectors. For example, with a careful choice of grating
coupler, the presented approach could easily be extended to
couple into a surface-plasmon-polariton mode and, therefore,
an even more significant field enhancement. Strong enhance-
ment of absorption, straightforward control over the spectral
position of the absorption peak, and the potential for
integration with low-noise detector architectures opens the
door to a new class of low noise and high efficiency LWIR
detectors for a range of spectroscopic, sensing, and imaging
applications.

■ METHODS
Fabrication. Our detector structures are grown by

molecular beam epitaxy in a Varian Gen-II system with
effusion sources for gallium, indium, aluminum, silicon, and
beryllium and valved cracker sources for arsenic and antimony.
All detectors are grown on unintentionally doped (UID, p-
type) GaSb substrates. Following a 200 nm GaSb buffer, 144
periods (786 nm) of n++ (∼2.7 × 1019 cm−3) or n (∼3.4 × 1018

cm−3) doped midwave infrared (MWIR) InAs/InAs0.66Sb0.34
T2SL are grown to form the virtual substrate. The period of
the MWIR T2SL is 5.46 nm, with InAs/InAsSb ratio 13.2/4.7
ML. A MWIR T2SL was grown in lieu of a bulk InAsSb alloy
as lattice matching the MWIR T2SL to the underlying GaSb
and overgrown LWIR T2SL is less demanding than lattice
matching to a bulk ternary alloy.28 The p-i-n InAs/
InAs0.39Sb0.61 LWIR T2SL structures are then grown above
the virtual substrate layers. Each sample presented in this work
uses the same LWIR T2SL structure, with period 12.5 nm for
the d = 1.42 μm detector and 12.74 nm for the d = 1.80 μm
detector, the InAs/InAsSb ratio is 35/6 ML. The detectors
designed for λ = 8 and 10 μm absorption enhancement differ
only in the thickness of their intrinsic region. In each of the
four detectors, the p-region consists of 9 periods (∼110 nm) of
the LWIR T2SL, doped with Be to 1 × 1018 cm−3, and the n-
region is 12 periods of LWIR T2SL (∼150 nm), doped with Si
to 3 × 1018 cm−3. The i-region is undoped and consists of 93

periods (1.16 μm) of LWIR T2SL for the d = 1.42 μm
detectors and 120 periods (1.50 μm) of LWIR T2SL for the d
= 1.80 μm detectors. Following growth, crystal quality is
confirmed with X-ray diffraction (XRD) and optical quality is
confirmed by PL experiments (both presented in the
Supporting Information).
The as-grown wafers are then fabricated into photodetector

structures. 700 μm × 500 μm mesas are defined using
photolithrography and etched 2 μm using a H3PO4, C6H8O7,
and H2O2 mixture. After mesa etching, bottom and top
contacts are defined with photolithgrapy and Ti/Pt/Au (34/
13/170 nm) contacts are deposited. Metal is lifted off using AZ
kwik strip and the sidewalls are left unpassivated.

Detector Characterization. Following growth and fab-
rication, detectors are mounted to copper blocks with indium
paste, wire bonded to Au-coated ceramic stand offs, mounted
in a cryostat with ZnSe windows, and cooled to 77 K. Spectral
response is performed with a rapid-scan FTIR equipped with a
KBr beamsplitter and a mid-IR globar source. The light exiting
the FTIR is focused onto the detector using a 2” diameter 90°
off-axis parabolic with a 6" focal length. The detector’s signal is
amplified by a SRS 570 preamplifier. To account for the FTIR
optics, the p-i-n detectors’ raw spectral response is divided by
the spectral response from a spectrally flat pyroelectric detector
measured with the FTIR in a step-scan mode, with the light
incident upon the detector optically modulated by a chopper
wheel at 500 Hz. Responsivity of the detectors is measured
with a calibrated blackbody source held at 673 K. A mechanical
chopper (1 kHz) modulates the light passing through a 5 mm
aperture covering the blackbody source and a lock-in amplifier
is used to demodulate the detector signal from the
preamplifier. A band-pass filter is used to measure the detector
responsivity at λ = 9.46 μm, and the measured responsivity
value is employed to scale the measured and normalized
spectral response. To convert from measured responsivity to
EQE we used the following expression,

R hc
e

EQE( )
( )λ λ
λ

=

where R(λ) is the responsivity, h is Planck’s constant, c is the
speed of light, and e is the electron charge. To calculate the
broadband enhancement, F, we evaluate the following
expression over the LWIR (103−155 meV),

F
E E

E E

EQE ( )d

EQE ( )d

n

n

LWIR

LWIR

∫
∫

=
++

Modeling and Simulation. Reflectance spectra are
simulated using a transfer matrix method (TMM). The
absorber layer is treated as having a E E0 gα − dependence,

where the magnitude of α0 is determined by fitting the
simulated absorption to the measured EQE. For the both
detectors α0 used is 4500 cm−1. The T2SL bandgap Eg = 96.55
meV(12.7 μm) is determined by the x-intercept of a linear fit
at the full width at half max (fwhm) of the long wavelength
side of the measured control detector’s PL (provided in
Supporting Information). For the highly doped and moder-
ately doped MWIR groundplanes, a simple Drude model is
used:
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The plasma wavelength and scattering rate used to model
each of the virtual substrates’ (n++ and n) permittivity are fit by
measuring reflectance from the bottom of the detector mesas,
where the T2SL has been etched off and all that remains is the
doped-MWIR T2SL (spectra and fit provided in the
Supporting Information). For the n++ designer metal, the
plasma wavelength and scattering rate are determined to be λp
= 6.8 μm and γ = 1 × 1013 rads/s, respectively. For the
moderately doped control structures the plasma wavelength
and scattering rate are determined to be λp = 13.1 μm and γ =
1 × 1013 rads/s, respectively. The ϵ∞ used is 12.06, which is a
weighted average of the permittivity for the InAs and InSb in
the T2SLs, weighted by the composition for lattice-matched
InAsSb at 100 K values.29 The plasma wavelength for each
virtual substrate is determined from the reflection spectra using
a peak in the second derivative of the angled reflectance
spectra, attributed to the Berreman mode, which spectrally
aligns with the plasma wavelength for shallow incidence
angles.30 The scattering rate is then used as a fitting parameter.
Simulated absorption is computed by multiplying the relative
dissipation in a given layer by the total absorption (Atotal = 1 −
R − T),

A A
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