
Supplementary Material 

1. SM-1: Details regarding the reflectance calculation for 𝒑-polarized light 
The transfer matrix technique (TMM) is used for calculating the reflectance of 𝑝-po-

larized monochromatic light and is briefly presented here using Ref. [1–3]. All layers 
stacked along the z-axis are considered uniform, non-magnetic, and isotropic except the 
phosphorene layer [1,2]. The refractive index of the anisotropic phosphorene layer is cal-
culated by the coordinate transformation method [2]. First, the rotation angle (φ) should 
be tuned by rotating the SPR sensor structure about the z-axis to match SPR excitation 
conditions [1–3]. The optimal rotational angle (φ) for each SPR structure is set at minimum 
reflectance value and maximum sensitivity. Once the φ is set—the range may lie in be-
tween 0 to 180 ο—the incident angle θ is varied from 0-90ο at each value of φ. After apply-
ing boundary conditions for tangential components of E and H fields, the characteristic 
matrix for the N-layer multilayer structure can be expressed as: 
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where Mk denoted the matrix for kth layer and expressed as: 
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Here, the term optical admittance βk and phase factor ρk of the kth layer is expressed 
as: 

β୩ = d୩γ୭(ε୩ − nଵ 
ଶ Sinଶθଵ)
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and 
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கౡ
𝐶𝑜𝑠𝜃  for 𝑝-polarized light 

where, θଵand γ୭ indicates the incident angle and the free space wavenumber.  
After following straightforward mathematical steps, the reflectance of N layered SPR 

sensor structure can be defined as [3]: 
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Thus, reflectance curve may be plotted as 𝑅௣ vs. incident angle using Equation (4). 
Further, different performance parameters described in Section 2 of the manuscript are 
analyzed through reflectance curves. 

2. SM-2: Optimization of rotation angle (φ) for different Cu/Ni metal layer thickness 
combinations  

A few Cu/Ni metal thickness combinations have been chosen to optimize the rotation 
angle (φ) for the proposed SPR sensor in terms of minimum reflectance, i.e., Rmin, and 
maximum sensitivity, as shown in Figures S1-S11. The maximum sensitivity and Rmin are 
achieved at the optimized value of φ, i.e., 72o with Cu and Ni thicknesses of 15nm and 
80nm, respectively, as shown in Figure S9. 
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Figure S1. The sensitivity and Rmin with different rotation angle at Cu (60 nm) / Ni (0 nm). 
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Figure S2. The sensitivity and Rmin with different rotation angle at Cu (50 nm) / Ni (10 nm). 
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Figure S3. The sensitivity and Rmin with different rotation angle at Cu (45 nm) / Ni (20 nm) 
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Figure S4. The sensitivity and Rmin with different rotation angle at Cu (40 nm) / Ni (30 nm) 
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Figure S5. The sensitivity and Rmin with different rotation angle at Cu (35 nm) / Ni (40 nm) 
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Figure S6. The sensitivity and Rmin with different rotation angle at Cu (30 nm) / Ni (50 nm) 
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Figure S7. The sensitivity and Rmin with different rotation angle at Cu (25 nm) / Ni (60 nm) 

0 18 36 54 72 90 108
126

144
162

180

0

50

100

150

200

250  Sensitivity
 Rmin

Rotation Angle, j (°)

S
en

si
ti

vi
ty

 (
°/

R
IU

)

Cu (20 nm) / Ni (70 nm)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 R
m

in
 (

a.
u.

)

 

Figure S8. The sensitivity and Rmin with different rotation angle at Cu (20 nm) / Ni (70 nm) 
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Figure S9. The sensitivity and Rmin with different rotation angle at Cu (15 nm) / Ni (80 nm) 
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Figure S10. The sensitivity and Rmin with different rotation angle at Cu (10 nm) / Ni (90 nm) 
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Figure S11. The sensitivity and Rmin with different rotation angle at Cu (5 nm) / Ni (100 nm) 
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