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Abstract: The mid-wave infrared (MWIR) spectral range can provide a larger bandwidth for
optical sensing and communication when the near-infrared band becomes congested. This
range of thermal signatures can provide more information for digital imaging and object
recognition, which can be unraveled from polarization-sensitive detection by integrating
the metasurface of the subwavelength-scale structured interface to control light-matter
interactions. To enforce the metasurface-enabled simultaneous detection and parallel
analysis of polarization states in a compact footprint for 4-micron wavelength, we designed
a high-contrast germanium metasurface with an axially asymmetric triangular nanoantenna
with a height 0.525 times the working wavelength. First, we optimized linear polarization
separation of a 52-degree angle with about 50% transmission efficiency, holding the meta-
element aspect ratio within the 3.5-1.67 range. The transmission modulation in terms of
periodicity and lattice resonance for the phase-gradient high-contrast dielectric metasurface
in correlation with the scattering cross-section for both 1D and 2D cases has been discussed
for reducing the aspect ratio to overcome the nanofabrication challenge. Furthermore, by
employing the geometric phase, we achieved 40% and 60% transmission contrasts for the
linear and circular polarization states, respectively, and reconstructed the Stokes vectors
and output polarization states. Without any spatial multiplexing, this single metasurface
unit cell can perform well in the division of focal plane Stokes thermal imaging, with an
almost 10-degree field of view, and it has an excellent refractive index and height tolerance
for nanofabrication.

Keywords: germanium metasurface; lattice resonance; axially asymmetric meta-element;
polarimetric metasurface; Stokes thermal imaging; high-contrast dielectric metasurface;
MWIR polarimetric imaging

1. Introduction

Polarization is an inherent property of light where the information remains encoded
in the Poincaré space and can be decoded by knowing the state of polarization (SOP) of the
light. When light is transmitted or reflected by any structure, the propagating SOP with
respect to the incident SOP can provide a lot of information if we can detect it, constituting
a rich field of polarimetry. The polarization states of light give the hidden features of an
object, like surface pressure and orientation, hidden layers, and transparency, to ensure
better object recognition.

The following three main detection methods exist: division of amplitude, division of
aperture, and division of focal planes [1]. There are eight to four-pixel hybrid image sensors
for maneuvering polarization filtering with a focal plane array (FPA) that operates without
a metasurface [2]. Polarization-sensitive imaging technologies have been around for several
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decades but are still limited by mechanical switching and bulky optics. Previously, the
division of aperture was utilized for MWIR polarimetric imaging [3]. However, metasurface-
enabled on-chip polarimetry is the technological trend that is now used for compact
imaging devices.

The increasing applications of computational image analysis, pattern recognition,
machine vision, Lidar, and remote sensing largely depend on polarization-selective imaging
for visualizing edges and corners for better image contrast. Various technologies have been
applied to MWIR polarization image sensors, such as high-speed rotating polarization
analyzers, where the image of different polarized angles is captured by swiftly rotating
the polarizer or analyzer [4,5]. For a scenario of a rapidly changing object’s features
or a target’s speed, we need to obtain the Stokes parameters simultaneously without
any time delay. So, the recently developed technique of integrating a compact optical
metasurface for the division of focal plane polarization-sensitive imaging needs further
investigation to be implemented in MWIR thermal sensing [6—10]. Though the infrared
polarized imaging technique is utilized for various commercial and defense applications, it
is still very expensive.

In recent years, the subwavelength-scale artificially structured surface, called a meta-
surface, has been proven to be a reliable technology that can unravel this phenomenon in
an efficient way [7,11-17]. The dielectric metasurface diffraction grating structure has been
utilized for polarimetry, polarization converters, holography, optical sensing, and many
other applications. Optimized metasurface device structures are already in commercial
application in the visible and near-infrared range; very few studies have reported the
metasurface design for the polarimetric application in the MWIR range, which needs more
attention [18-23]. The work presented by Chen et al. is excellent, presenting simultaneous
wavelength multiplexing polarimetry, which serves as a cascade of a parallel filter, polar-
izer, and waveplate for the 3-4.5 um range, overcoming many challenges. However, the
limitation of the design is the detection of only one set of orthogonal polarization states
at a particular wavelength and with the nanoantenna of a high aspect ratio of ~30 [23].
Yan et al. proposed the division of a focal plane metasurface imaging mask with a silicon
metasurface using a polarization-controlled phase modulation technique. However, it is
intended for a long-wave infrared (LWIR) 10.6 pm wavelength [22]. Reducing the crosstalk,
Zhang et al. demonstrated a 9-12 um LWIR achromatic full-Stokes imaging metalens, but it
had a high aspect ratio of 10:1 for the Si meta-element and a shared aperture designated for
the six detectors [24]. Yin et al. showed that a Si substrate, has better transmission efficiency
as compared to a SiO; substrate, but it is operational in the near-infrared range [25]. The
phase change material of Ge,;SbyTes (GST) allows for more tunability, owing to its inherited
amorphous-to-crystalline transition property with polarization switching, but this is useful
for the LWIR range [26]. To investigate the polarization-controlled and achromatically
on-axis focused optical vortex beams from 3.5 to 5 pm, Ou et al. came up with all-Si
metasurface optimization [18]. They showed promising functionality, being capable of
even switching the topological charge. Yet, the high aspect ratio and the use of only two
orthogonal polarization states pose a limitations for on-chip polarimetry.

The variety of metasurfaces consists of staking geometry, and layered structures are
evolving; yet, they do not address the challenge of nanofabrication. With a vertically
stacked photodiode, nanowire polarizer filters have been reported [27], and hybrid image
sensors for detecting angular light, intensity, and polarization have been presented [2].
However, very complicated fabrication steps are required, which cannot be carried out
with single-step lithography. We propose a simple Ge metasurface feasible by a single step
nanofabrication for Stokes imaging, optimized for the 4 um wavelength, which is a highly
transparent atmospheric window.
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2. Design Principle and Simulation
2.1. Material Library, Design Parameter, and Simulation Methodology

The present work uses the axially asymmetric triangular meta-element of Germanium
of a refractive index nge = 4.025 at 4 um wavelength for the metasurface design with
the finite difference time domain (FDTD) simulation package from Ansys-Lumerical Inc.
(Canonsburg, PA, USA). The low refractive index substrate CaF, has been used for the
transmission mode design, which is suitable for this wavelength and for integrating the
metasurface with an uncooled PbSe focal plane array (FPA) [28]. First, gradually increasing
the height for some triangular-shape Ge meta-element, we check the full phase coverage for
a periodicity of 2500 nm. Since the Ag/nge = 994, as shown in Figure 1 (top), we present the
transmission and phase profile with the height increment of the triangular meta-element of
a length and base of ~994 nm. We observe that when the height reaches above 2100 nm, we
achieve a full propagation phase coverage, with good transmission marked by the black
circle. Then, for an estimated fixed height of 2150 nm, we vary the length and base of the
triangular nanoantenna, holding 994 nm as the median value, as shown in Figure 1, along
with the phase and transmission library for the single meta-element. A periodic boundary
has been implemented on the sides and PML boundary to the light propagation direction
from the substrate towards the nanoantenna, placing the DFT monitor several wavelengths
away. We used all PML boundaries with a total-field scattered-field (TFSF) source for the
scattering cross-section.
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Figure 1. Transmission and phase variation with the height increment of the Ge triangular nanoan-
tenna of a length and base of ~994 nm (top). Transmission and phase library for the 2150 nm height
Ge triangular nanoantenna (bottom).

Unlike symmetric rectangular meta-elements, the triangular shape accumulates some-
what different @y and @y with an increase in height. It takes a propagation length >2A
inside the meta-element for sufficient propagation phase control. The rectangular meta-
element can give more phase control for the same height, lateral dimension, and periodicity,
but the triangular meta-element gives better transmission [29]. The phase (¢), and trans-
mission (T) library are presented in Figure 1, which shows some phase discontinuity with
anti-crossing transmission behaviors for some spatial dimensions. For this type of high-
contrast dielectric structure, resonant absorption decreases the transmission, but for the
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P=2500 nm

1D, TE, P=2500, h= 2150

triangular geometry, the resonance loss is mitigated. Within this element dimension, 27t
phase control is difficult with the height reduction in the nanoantenna, as indicated in
Figure 1. So, Figure 2a shows the selection of the appropriate elements for the 27t propaga-
tion phase gradient. A 2150 nm height 1-dimensional (1D) metasurface gives a maximum
of about 60% transmission to the prominent order, whereas a 2750 nm height design can
give 78%. Yet, for practical concerns regarding nanofabrication, we aim to reduce the aspect
ratio more, going down to a height of 2150 nm because increasing the lateral dimensions is
limited by the periodicity.
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Figure 2. (a) 1D metasurface design for P = 2500 nm and the transmission efficiency at the detector
position. (b) Same for P = 1600 nm. The corresponding far-field projection is shown at the bottom.
(c) Periodicity vs. beam deflection angle at the prominent order. (d) Effect of varying periodicity on
the transmission for the 2D LP separation design.

2.2. Lattice Resonance to Enhance Transmission

To overcome the transmission loss with a reduction in height, we implement
the strategy of an interacting nanoantenna when (ngypstrate X periodicity)/wavelength
<1 holds [29-31]. In this strategy, we utilize the lattice resonance to boost transmission
by reducing the periodicity. Figure 2a,b compares the transmission for the same unit cell
element, where we construct the 7 x 1 element 1D metasurface.

From the linear polarization (LP) separation design, we can see from Figure 2d that
the transmission efficiency is highest around the periodicity Px = Py = 1600 nm, for both
prominent transmission orders at the two LP separation order positions, D1 and D2. Here,
by Px = Py, we mean the periodicity of the single-element unit cell. So, for the normalized
lattice constant Py /A = Py/ Ao = 0.625 to 0.35 ratios, the best transmission comes when
Py =Py = 0.4 Ag. However, we can say that the propagation phase correlation between the
meta-elements in this range remains intact. Although the generalized Snell law explains
the phase gradient metasurface, which has served its purpose for decades, its effect on the
scattering cross-section is not discussed much. As shown in Figure 3, we investigate the
scattering cross-section for the phase gradient metasurface grating (PGMG) for both TE and
TM incidence, and we compare the total transmission efficiency for the 2D metasurface.

The scattering cross-section from the 1D metasurface when the element of the same
height is arranged in a 27t propagation phase gradient (PPG) along the x-axis called PGMG
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(magenta line). When the element of the same height is placed at a constant 7t phase along
the x-axis, it is called the constant phase (CPMG) (cyan line), with varying periodicity for
TM incidence, as presented in Figure 3a. Though around Px/Ag = Py /Ag = 0.625, both scat-
tering cross-sections coincide, by decreasing Py = Py, the scattering cross-section increases
for both the PGMG and CPMG when the normal incident light has the E-field parallel to the
direction of the PPG. Still, for the 1D metasurface, the trend of the difference in scattering
cross-section (Aosc = 0sc, PGMG — Osc, cpMG) has a linear correlation with periodicity.

As we look at the 2D-PGPM of Figure 3b, we see that by decreasing Py = Py, the scat-
tering cross-section decreases with a gradual increase around 0.5A¢—0.55A¢ for the PGMG
when the normal incident light has the E-field parallel to the direction of the PPG. Here, we
are only interested in the TM or E-field parallel to the direction of the PPG case because,
in the 2D metasurface design, the PPG has been assigned oppositely along the x-axis for
x- and y-polarized light. So, TM incidence is affected the most due to the surface lattice
resonances (SLR). We can see in Figure 3c that with a decrease in periodicity, the total
transmission increases, and reflection decreases for TE incidence, but there is no smooth
relation for TM incidence. For the negligible absorption of Ge, the scattering conveys the
extinction. From the Kerker condition, we know that forward or backward scattering can
be tuned by in-phase and out-of-phase electric dipole (ED) and magnetic (MD) moments,
respectively, among this type of subwavelength meta-elements [32,33]. The loss in the total
transmission, equivalent to around 0.5Ap—0.55Ag periodicity, shown in Figure 3c, can be
explained by the increase in scattering TM incidence, as seen in Figure 3b. Additionally,
T + R <1, for the Px = Py = 0.35A¢, which indicates the lower limit of the dipole approxima-
tion has been crossed when Py = Py, < 1500 nm [34].

Looking at the spectral response of the T from the 2D metasurface in Figure 3d, we
see that TM incidence suffers a T loss above the Rayleigh anomaly indicated by the black
dashed line. For a single meta-element, the o5 remains constant with the change in the
periodicity. So, the variation of o5, cpmG, even for the simple seven same meta-element
arrangement shown in Figure 3a, indicates the presence of lattice resonance. The different
size of the meta-element used for creating PGMG causes a decrease in o5, pgm because
the different radiative coupling strengths may add up destructively. The ability of the high-
contrast dielectric meta-element to generate both ED and MD resonance is an advantage
over the plasmonic one [35,36]. For example, for a single particle under TM incidence (E
along x-axes), the enhancement of the E-field (right side) and H-field (left side), and the
radiation pattern from the smallest size (bottom row) to the biggest size (upper row) is
shown in Figure 3e. For the same periodicity, in the case of the bigger-sized triangular
meta-element, the E-field resonates mostly within its volume. It enhances the H-field more
than the smaller-sized one. In summary, we can say that for the 2D-PGMG, decreasing
periodicity decreases scattering and tunes the ED and MD resonances in phase to better
overcome reflection (Figure 3b,c), increasing the transmission to the prominent order
(Figure 2d).

As our interest is in a fixed wavelength, we are not focusing on the wavelength shift in
ED and MD resonances due to meta-element size and periodicity. Also, due to the variety
of the size parameters and asymmetry of the geometry of our triangular meta-element, the
sharp ED and MD resonant pattern is not visible due to different types of coupling strengths
at different lattice points [36]. However, by choosing a periodicity smaller than 2000 nm for
assigning the PPG at a 4 um wavelength, we avoid a particular type of lattice resonance,
which has a wavelength longer than the period [36,37] scenario, where power goes to the
guided mode or perpendicular evanescent order. This could be the subject of a future study.
In this step, we decide the periodicity will be 1600 nm. So, from the same element of T and ¢
for the periodicity = 1.16 x h library, we move to a new design with periodicity = 0.74 X h,
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which increases the transmission from 40% to 50.2% for TM (x-polarized) incidence and
from 29.8% to 57% for TE (y-polarized) incidence, as shown in Figure 2d. Another benefit,
as we can see in Figure 2c, is the increase in angular separation of the deflected beam from
13° to 21°, which follows the PPG metasurface rule of phase profile ¢ and beam deflection
angle 0 = arcsin[¢/(271Px/A)], as controlled by the generalized Snell law of anomalous

deflection [38,39].
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Figure 3. (a) Scattering cross-section from 1D grating, with and without phase gradient, with
periodicity at 4 pm wavelength for TM incidence. (b) Scattering cross-section from 2D grating at
a 4 um wavelength with periodicity. (c) Total T and R from the same 2D grating with periodicity.
(d) Spectral response of the total T from the same 2D grating from a 3 um to 5 pm wavelength with
periodicity. (e) The difference in the E- and H-field enhancement and the radiation pattern from
smallest size (bottom row) to biggest size (upper row) Ge-triangle nanoantenna, with a 2150 nm
height for the same periodicity.

2.3. Circular Polarization (CP) Control with Geometric Phase

Although we found the subwavelength scale axially asymmetric nanostructure does
not affect the propagation phase because of the lack of rotational symmetry, it hindered
the geometric phase, which is supposed to follow the Pancharatnam-Berry (PB) phase
rule [40,41]. The PB phase implementation of the 1D structure has been carried out as
convolution with a linear increment of phase. Ideally, the PB phase gives a 20 addition
in phase for a 0 physical rotation. The transmission modulation of the incident circular
polarized light can be performed with the Jones matrix by the operation of the rotation
matrix R(0), as presented in Equation (1), which is as follows [7,42,43]:

tx 0
0 t

1o =ri-o)( | ) RE) M
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where ty and ty are the complex transmittance values of light, while the incident light is
polarized towards the x- and y-axes, respectively, when the meta-element has zero rotation.
IL) and |R) are the Jones vectors of the left and right circular polarized light. The electric
field of the left and right circularly polarized light is given by multiplying with the Jones
vector of the LCP and RCP states, as follows:

Ethw)u»w)=:“”§W)(E)+—“x;“0fﬁ9<1> ©

1 —1

hzﬂwmxwzaﬁfﬁ<l>+@;@)fwc> W

—i i

In Equations (3) and (4), the 1st term conveys the transmitted wave with the same
helicity as the incident, and the 2nd term conveys the opposite helicity with a £i26 phase
addition. This general PB phase rule indicates that if the metasurface element cannot
provide a phase of at least a 71/4 phase retardation, then the element will not be able to
control the total phase range [44]. When we reduce the periodicity, the length/periodicity
ratio increases. Consequently, the phase is locked in specific angular rotations of the
triangular meta-element, as we can see in Reference [45]. We need to increase the Py to
reduce L/Py from 0.79 to 0.63. So, we obtain a smooth phase change by increasing only Py,
from 1600 nm to 2000 nm, keeping Py fixed at 1600 nm since we employed the PB phase
towards the y-axes only. Hence, in our final metasurface LP+CP separation design, as
presented in Figure 4a, we implement Pyx = 1600 nm and Py = 2000 nm to preserve the
propagation and geometric phases folding orthogonally to each other.
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Figure 4. (a) Schematic of the metasurface and the far-field angular projection for both LP and CP
incidence. (b) Transmission efficiency from the designated order position for polarization rotation
with LP and CP incidence. (c) Calculated Stokes parameter for the different Ge refractive index.
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3. Simulation Results and Discussion

To incorporate LP and CP detection from the same metasurface to the different pixel
positions of the detector, we finally came to a design as shown in Figure 4a. The LP detector
positions are D1(e,¢) = (26°, —145°) and D2(e,¢) = (26°, 35°), and the CP detector positions
are D3(e,¢) = (26°, —35°) and D4(e,d) = (26°, 145°), as we can see in the far-field projection
in Figure 4a. So, the final design can measure arbitrary LP and CP states simultaneously.
The calculated Stokes parameter is shown in Figure 4a,c, and it is derived by using the
following Stokes parameter calculation. The Jones vector representation of the E-field
components is as follows [40,46]:

71(PX
E— Ey _ one,i )

Ey Eoye Py
where Egy, Egy, ¢x, and @y are the orthogonal amplitudes and phases, respectively. When
the phase difference between the Ex and Ey is §, we can express the fraction of polarized

and unpolarized light as the state of the polarization (SOP) using the matrix form for the
four Stokes parameters from Equation (6), as follows [6,7,9,46,47]:

So EZ +Ej L+,
2 _ 2
s ||| BB 2] bl (6)
S» 2E.E,cosé Iy —In_ys
S3 2E,E,siné Ircp — Icp

Unlike the randomly distributed unpolarized scalar light field, the polarized light field
is a vector [47]. In optical frequency, we can obtain the measurable parameter intensity
only. S is the total intensity, S; indicates the difference in the intensity components I, and
Iy, S; indicates the difference in the intensity components Iy 45 and I, 45, and S3 indicates
the difference in the intensity of component Ircp and Ij cp. We can see all these intensities
on different order spots from the far-field view in the FDTD simulation from this Ge
metasurface of this schematic in Figure 4a. In the detector plane measuring the light
intensity at the four different diffraction order pixel positions for TM, TE, LCP, and RCP
incidence separately, we can find the middle Stokes parameter, as shown in Figure 4c. As
a Ge-grown technique for achieving a homogeneous refractive index for thick film is still
under investigation and almost no n, k measured value was reported with the experimental
measurement after Ge deposition at 4 pm wavelength, we check the tolerance of nge from
3.9 to 4.1 to see if the Stokes parameter remains in the range. This design works well for
this nge range, as shown in Figure 4c. It also has a height tolerance from 2100 to 2200 nm,
with both CaF; and Al,O3 substrates for the 4 um working wavelength, which we checked
by the Stokes parameter. The Stokes parameters are basically the output intensity contrasts
for the orthogonal polarization states. For convenience, the transmission for the design
update from LP separation and LP+CP separation, for both LP and CP incidence, is also
shown in Figure 4b.

The role of the polarization-sensitive camera is to capture the Stokes vector from each
point of an image. So, all independent polarization state imaging is required to form the
Stokes vector. From the sensing perspective, the dedicated pixel should record the intensity
of the independent polarization state [6,7]. We want our metasurface to separate the most
prominent transmission order projected, based on the polarization states of the incident
light, to different pixel positions on the sensor for the intensity vector.

I=[hLLI]" )
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We directly reconstruct the Stokes vector from the simulation by using Equation (6).

In the experimental situation, there is a linear correlation between the Stokes vector and

the intensity with instrument matrix A, which comes from the experimental setup used for

the calibration of the polarization states of the incident beam. Knowing the calibration of

the pure polarization states with our metasurface, we can calculate the Stokes vector by
the following:

S=A"1 8)

After obtaining the S values at each pixel, we can find the necessary parameters for
polarization imaging; one is the degree of polarization (DOP), and the other is the physical
orientation angle 1 of the polarization ellipse, as follows:

1
(So2+512+5,2+532)2
So

P = % tan™" (gi) (10)

The image formed with the total intensity S is a regular camera image. However, the

DOP =

©)

image formed with the information of {» and DOP can reveal more contrast, edge features,
and internal stress as it accounts for the orientation of the electric field in the Poincaré space.
We want to perform single metasurface-aided division of focal plane imaging, where the
aperture stop plays a more important role than the spatial phase profile of the detector
plane [7,9,41,48,49].

In the detector plane, by measuring the intensity of light on the different diffraction
order pixel positions, we can reconstruct the Stokes parameter, which has been presented
from a far-field view in the simulation in Figure 5. Here, the four boxes represent the shape
of the output polarization ellipse when one of the four incidence polarization states is
projected by the metasurface at the detector plane. We also show the (0, 0) order position
that is used for convenience, achieving negligible intensity for our metasurface. The pink
boxed order position is the prominent order reserved to analyze the Stokes parameter.
Outside the box, we see the reconstructed Stokes vector in the Poincaré sphere for the
designated order position. Although this metasurface does not work for all six input
polarization separations because the efficiency and intensity contrast are very low for L + 45
and L — 45 states, in the calculation, we consider all the intensities from the six polarization
states. Finally, the bottom Poincaré sphere shows the figure of merit of this metasurface,
where we use the four maximally different input polarization states and reconstruct the
Stokes vector from all the order positions by simulated intensity. The deviation in the
metasurface analyzer polarization states by the simulated intensity could be due to the loss
of the intensity to different unwanted order states other than the four prominent orders.
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Figure 5. Simultaneous polarization ellipse at the four designated polarization order positions for a
particular incidence polarization. Prominent order for TM at (—1, —1), TE at (1, 1), RCP at (1, —1), LCP
at (—1, 1) position, and all (0, 0) order position. Outside the Poincaré spheres are the reconstructed
Stokes vectors for those prominent orders outlined with pink. The bottom Poincaré sphere is the
metasurface-analyzed Stokes vector from all the order positions. The green square represents the
maximally different polarization states, and the dotted red line shows the polarimetric reconstruction
of the metasurface analyzer’s polarization states based on the simulated intensity.

For non-paraxial incidence, the performance remains almost the same for the 5° tilted
incident angles, with less than 10% transmission deviation, as presented in Figure 6. Still,
the angular position of the beam changes by about 7°, as we can see in Figure 6, in the
far-field projection. For a 10° tilted incident angle, the angular position changes to about
14.5°, so there is an overall 14° angular shift for the £5° field-of-view and a 29° angular shift
for the 10° field-of-view. From the left side, we see the variation in the Stokes parameter is
within a tolerable range for the 4-detector position within a £5° non-paraxial incidence for
this metasurface.
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Figure 6. Stokes parameter (left), transmission (middle), and far-field angular projection
(right) from 10° (top) to —10° (bottom) tilted incident polarization with 0-180° polarization ro-
tation. The designated polarization states used for the detection are indicated underneath as the
detector number for the left picture.

4. Conclusions

Using an asymmetric Ge meta-element, we optimized the polarimetric metasurface
design for 4 um wavelength full Stokes imaging by significantly reducing the aspect ratio
of the nanoantenna for a structurally robust design for a single-step E-beam lithography
fabrication technique. This provides higher transmission while overcoming the challenges
of insufficient phase control. Along the way, we have investigated the effect of lattice reso-
nance in terms of periodicity for the interactive meta-element for high-contrast dielectric
phase operator metasurface. Adjusting the propagation and geometric phases orthogonally,
we proved that the single-unit cell metasurface works for polarimetric detection by recon-
structing the full Stokes parameter from the simulation. Hence, they work simultaneously
to detect and analyze any arbitrary polarization state without a shared aperture. The
optimized Stokes parameter for the refractive index and height tolerances, accommodating
for slightly angled non-paraxial rays, reported a feasible design which, when integrated
with the uncooled FPA, can be a chip-scale low-cost, polarization-sensitive thermal imaging
device that is still not commercially available. This technology may open doors for MWIR
long-range surveillance, land mine detection, infrared homing devices, and sensors with a
compact on-chip polarimetric detection technology.
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