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Figure S1: Incident, Reflected, and Transmitted x- and y- polarized component of the plane wave.

Transfer matrix method is a well-established method for calculating optical responses
from the stack of thin films on a substrate (Fig.S1).1? As shown in schematic S1, Ix and Iy are
the amplitude of incident x- and y- polarized electromagnetic waves. Bx and By are the
amplitude of reflected x- and y- polarized electromagnetic waves. The stack of N thin films is
located at a semi-infinite silicon substrate. Cx and Cy are two components of transmitted
electromagnetic waves. In contrast, Dx and Dy will be zero as there is no illumination of light
from the backside and no standing waves formation. The four components of light in the
incident medium can be related to two components of transmitted light in the exit medium

through a general transfer matrix described as:
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This 4 X 4 matrix algebra describes the monochromatic plane wave propagation through the
entire layer system. The incident and transmitted electromagnetic waves, for iw layer of
material with d; thickness, can be connected with partial transfer matrix Tip so that the ordered
product of all Tip corresponds to the transfer matrix T. Furthermore, an incident matrix (La)
represents the projection of in-plane component of the incident and reflected electromagnetic
waves at the first interface. Likewise, Lt represents the amplitude of transmitted light from the

last interface. Therefore, one can write the transfer matrix T as:

i=N -1
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The value of La, Tip, and Lt can be obtained from the solution of Maxwell’s equations at the
respective interfaces given as:
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where n, and ns are the refractive indices of the incident and exit medium (Air and Silicon in

2
our case), @, represent the angle of incidence, and cos @, = \/(1 - [% sin ((Da)] )
f

Similarly, the solution of Maxwell equations at the interface of multilayer will provide
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where k,, = n, sin(@,). Using the element of transfer matrix, one can estimate the
transmittance (tx and ty) and reflectance coefficients (rx and ry) from the following set of
equations:
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From these coefficients, we evaluate the following:

Reflectance:

Transmittance:

Absorbance:

Extinction Ratio:

Phase difference:

Total transmittance:
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S2: Parameters for Dielectric function of a-Mo00O3 and a-V205
vdW crystals:

Table S1 Characteristics parameters for the dielectric function of a-Mo0Os and a-\V,0svdW crystals.
3,4

Crystal
Ex Wro WTto r
directions

X [100] 4.0 972.0 545.0 4.0
a-MoOs3 y [001] 5.2 850.0 820.0 4.0

z [010] 2.4 1006.0 958.0 2.0

x [100] 6.6 952.0 765.0 40.0
0-V20s y [001] 6.1 842.0 506.0 19.0

z [010] 3.9 1037.0 976.0 2.0




S3: Analytical model for Fabry Perot modes in vdW thin films:

The high value of the real part of principle components of dielectric tensor of selected
vdW crystals below the corresponding TO phonon frequencies results in the confinement of
large wavelength electromagnetic waves in the sub-diffractional thickness of the film, forming
the Fabry-Perot cavity. These Fabry-Perot modes are observed as a dip or a peak in the
reflectance (transmittance/absorbance) spectrum. To evaluate these modes of absorption, we
consider the fundamental condition of maxima in Transmittance/Absorbance in the Fabry Perot

cavity®:

kond = mn (S6)
Here, m, d, n, and ko (= w/c) corresponds to the order of mode, the thickness of film, the
refractive index in the particular crystal direction, and free space wave-vector, respectively.
Refractive index can be evaluated from the square root of the complex dielectric function
predicted by Lorentz oscillator model ® (Eq.1). Taking I" = 0 and placing it the Eq. S6, we will
get:
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After squaring and rearranging the equation S7, it forms a quadratic equation given as:
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where K = i( ) , the equation has one feasible physical solution represented by the
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following equation:
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S4: Effect of substrate on the optical response of vdW thin films:
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Figure S2 Reflectance, Transmittance and Absorbance of a-MoO3 thin film on KRS-5 substrate® for (a)-(c) x-
polarized incident light and (d)-(f) y-polarized incident light, respectively. Scatter plots in Fig. (c)&(f)
represents Fabry Perot modes of a-MoO:z thin films.
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Figure S3: Reflectance, Transmittance and Absorbance of a-V-Os thin film on KRS-5 substrate © for (a)-(c) x-
polarized incident light and (d)-(f) y-polarized incident light, respectively. Scatter plots in Fig. (c)&(f)
represents Fabry Perot modes of a-V.0s thin films.



S4. a-Mo0O3 and a-V20s thin-film based Mid-IR polarizers in

transmission mode:

1. Bandwidth of mid-IR polarizers in RB-1:

a-MoOs a-V-.0s5
q ER~20dB ER ~30 dB ER~20dB ER ~30dB

(nm) w Bandwidth w Bandwidth w Bandwidth w Bandwidth

(cm?)  cm(~um) (cm?)  cml(~um) (cm™) cm™(~um) (cm™) cm™(~um)
1500 | 545-619 74 (~2.19) 545-587 43 (~1.31) | 501-588 87(~2.96) | 501-552 51 (~1.85)
2000 | 545-653 108 (~3.03) | 545-610 65(~1.96) | 501-613 112 (~3.65) | 501-580 79 (~2.72)
2500 | 545-686 141 (~3.77) | 545-635 90 (~2.60) | 501 -584 83 (~2.84) | 501-584 83 (~2.84)
3000 | 545-711 166 (~4.28) | 545-662 117(~3.24) | 501 -556 55(~1.98) | 501-556 55 (~1.98)

Table S2: Spectral ranges and corresponding bandwidths for the functioning of a-MoOs and a-\V/20Os based
mid-IR polarizer in transmission geometry at different thicknesses (d) where transmission efficiency has been
considered around 70% a-MoQOs thin film and 55% for a-V20s thin film.

2. Mid-IR polarizers figure of merits in RB-2 spectral region:

We explore the possibility of a-MoO3 and a-V20s based mid-IR polarizer in their
respective RB - 2 spectral region in the transmission mode. We observe that a-MoOs and a-
V205 based mid-IR polarizers do not possess remarkable transmission efficiency and extinction
ratio in the transmission mode, as shown in Fig. S4(a)&(b). It is ascribed to the differences in
the dielectric permittivities along x and y directions. In the RB- 2, a-MoO3z possess epsilon-
near-zero (ENZ) metallic properties in the y-direction and strong metallic properties in the x-
direction (see the dielectric function in Fig. 1(b)). Similarly, for a-V20s based thin film mid-
IR polarizer, the transmission efficiency remains less than 55% over the entire RB-2 spectral

region (shown in Fig. S4(b)) and hence cannot work as an efficient mid-IR polarizer in RB-2.
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Figure S4: Figure of merits (i.e., transmission efficiency and extinction ratio) for a mid-IR polarizer based on

(a) @-M0o03 thin film and (b) a- V20s thin film at different thicknesses.



S5: a-Mo00Os3 and a-V20s based mid-IR polarizer in reflection mode:
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Figure S5: (a) Extinction ratio of a-MoOs thin-film based mid-IR polarizer as a function of thickness and
frequency. (b) & (c) correspond to the reflection efficiency and ER, respectively, of a-MoOs thin-film based
mid-IR polarizer at the different thicknesses in RB-1 and RB-2. The a-MoOs thin film exhibits relatively less
ER (less than 10 dB) in RB-1 and RB-2. Similarly, (d) shows the ER of a-V20s thin-film based mid-IR polarizer
as a function of thickness and frequency. (e) & (f) represents reflection efficiency and ER, respectively, of a-
V20s thin-film based mid-IR polarizer at the different thicknesses in the RB-1 and RB-2.



S6: Effect of substrate on the figure of merits of a-Mo0O3 and a-
V20s thin-film based mid-IR polarizer:
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Figure S6: (a)&(b) represent ER of the a-MoOs thin film on KRS-5 substrate® in the transmission and
reflection mode, respectively, as a function of frequency and thickness. Similarly, (c)&(d) represent ER of the
a-V20s thin film on KRS-5 substrate in the transmission and reflection mode, respectively, as a function of
frequency and thickness. It is observed that both the vdWs materials exhibit almost similar properties on the
KRS-5 substrate and the silicon substrate.



S7: a-Mo00Os and a-V20s based polarization rotator in transmission

mode:
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Figure S7 (a)-(c) represent the phase difference between x- and y - components, angle of polarization state (¢)
and logarithmic ellipticity, respectively, of transmitted light through 1.1 um thin film of a-MoOs. Similarly, (d)-
(f) represent the phase difference between x- and y - components, angle of polarization state (¢) and logarithmic
ellipticity, respectively, of transmitted light through 1.0 um thin film of a-V2Os. Here, scatter plots and line
plots represent the numerical simulation results (COMSOL) and transfer matrix method results, respectively.
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Figure S8 (a)&(e) represent total transmittance for the a-MoOs and «-V20s based polarization rotator,
respectively, in transmission mode. (b)-(d) show the total transmittance and angle of the polarization state of
a-MoOs based polarization rotator as a function of rotation angle at different frequencies. Similarly, (f)-(h)

show the total transmittance and angle of the polarization state of a-V.Os based polarization rotator as a
function of rotation angle at different frequencies.
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Figure S9: (a)-(c) show phase difference, angle of the polarization state, and ellipticity of transmitted light
through 1.1 um thin-film of -MoOs in the RB-2 spectral region. Similarly, (d)-(f) represent phase difference,
angle of polarization state and logarithmic ellipticity of transmitted light through 1.0 um thin film of a-\/20Os
in RB-2. For both vdW crystals, angle of the polarization state reveals small variation in the RB-2 spectral
region where ellipticity of the transmitted light suggests elliptically polarized light at the output.



S8: a-MoOs and a-V20s based polarization rotator in reflection
mode:
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Figure S10 (a)-(c) represent phase difference, angle of polarization state and ellipticity of reflected light,
respectively, from 1.1 gm thin-film a-MoOs thin film in RB-1 in the reflection mode. Angle of polarization state
varies in the range of (0 to 25 degrees) where output is linearly/elliptically polarized light. (d)-(f) represent
phase difference, angle of polarization state and ellipticity of reflected light from 1.0 gm thin-film a-V.0s thin
film in RB-1. Angle of polarization state varies in the range of 0 degrees to 12 degrees where output is
linearly/elliptically polarized light.
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Figure S11 (a)-(c) represents phase difference, angle of polarization state and ellipticity of reflected light from
1.1 um thin-film a-MoOs thin film in RB-2. Angle of polarization state varies in the range of 0 degrees to 15
degrees, where output is linearly polarized light. (d)-(f) represents phase difference, angle of the polarization
state and ellipticity of reflected light from 1.0 um thin-film a-\V20s thin film in RB-2. Angle of polarization
state varies in the range of 0 degrees to 10 degrees, where output is linearly/elliptically polarized light
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