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1. Introduction

ABSTRACT

I he current work includes measurements of the resonance angle and

reflectance for p-polarization of the electric field by using the Fresnel
equation at a given length. Gold's surface plasmon wave can be seen at
the metal-to-air boundary. We try to determine the greatest (SPR) angle
for a metal thin layer that is most suitable for the surface plasmon
excitation while stimulated by a 632.8 nm laser. SPR was performed of
a (50nm) single film of gold placed on a glass prism; there are SPR
modes in this structure, which match the surface plasmon. We also
suggest that the SPR mode associated with the Au surface, which is
extremely sensitive to changes in the surrounding environment,
particularly (dielectric). A few considerations to be taken into account to
attain the SPR, like the incident angle of light rays addressed and
analyzed for the purpose of finding the essential value for the plasmon to
be emerge; the gold/air resonance angle. Furthermore, we can compare
our result with other work, which was performed by using the Finite-
Element-Method (FEM), the simulation is done by FDTD (Finite
Difference Time Domain) software. SPR was applied in a variety of
domains, containing biomedicine science, optics, biomedicine, photo-
thermal plasmon, and health.

Oscillations in charge-density frequency occur in a
thin metal film's layer due to the presence of plasmon.
Such an oscillation can be induced by p-polarized
beam, and resonance phenomenon’s (SPR) were
noticed by monitoring the intensity of the reflected
beam figure (1). The wave vector for both SPW and
incident beam are coincided at a given incident angle
and there is no reflectance, indicating that the SPR
emerges.
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Fig. 1: surface plasmon wave in gold film by using
Kretschmann Configuration

SPR seems to be an extremely significant situation, as
label-free detection methods have been discovered to
be effective and accurate for clinical analysis and
molecular reactions [1-3]. The prism coupling
strategy is the greatest widely utilized approach for
(SP) generation across all SPR techniques. In most
situations, gold has greater detection sensitivity in the
visible region of the spectrum; hence it's usually used
for the plasmonic layer, less oxidized, and has a high
resistance to pollutants in the environment. The gold
single film SPR sensor on prism developed by us is
demonstrated here, Optimum metal lengths, angle of
incidence, and dielectric layer all affect SPR
sensibility [4-10]. It's found that at a certain angle,
the configuration has a superior sensitivity than the
others, the angle is known as 6, Fresnel's
Equations were used to estimate reflection coefficient
for p-polarization light and also to determine
reflectance for any double interface media which are
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different in refractive index, as illustrated in Figure 2.
The given equation [11]
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r,.refelcatance of the light, n, &n,:refractive index if
first and second medium repectively, 8,,:incident
angle of light, 6,:angle of total internal
reflectionUsing Equation 3, we may determine
reflectance as a function of incidence angle for both
medium,they are diferent in permitivty and refractive
index the medium is gold to air.
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Fig. 2: Fresnel equation for p-polarization electric field
with 6;,,, 8, and 0,., in deference dielectric medium
In a total reflection setup, chromatic p-polarized
beam imposed on a prism are used to perform and
evaluate the work. The prism is coated with gold film
(50 nm) that gathers evanescent waves generated by
total reflections and releases. The gold/air boundary
is used to release the SP wave once the angle is
adjusted at a given value which is illustrated in figure
(3). The photodiode sensor measures the amount of
light that is reflected from the interface. The lowest
intensity is reached because there is coupling with

(PW) plasmon wave. [12].
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Fig. 3: Evanescence wave in gold/air interface at SPR
angle (6pr)
The activation of the SPW is highly influenced by the
length and type of conductive layer. This project uses
the Kretschmann arrangement to simulate the
excitement in determining the most effective waves
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(SP) for both the supplied metal and light source. To
further understand SPW, we investigate how the
electric field changes when waves go through a metal
thin layer and into the surrounding media (air).[13]

2. Martials and Method

A coherent laser beam source with a wavelength of
0.6328 um was applied, and the light was directed
with a glass lens with a focal length of 10cm. The
metal film in the experiments was made of 50nm
gold. Prism-made of glass with a refractive index of
1.5151 was utilized as the substrate. The cladding
zone is made of air, which has a refractive index of
one. The detector can measure the minimum
reflection intensity at a particular angle by measuring
the reflectance as a function of the incidence angle.
The minimum intensity is known as the dark zone,
also referred to the SPR angle, is the point where
light energy is converted to electron resonance. The
metal free electrons’ interact with the activator light
beam and it’s vibrating resonantly with the exact
same frequency of beam light shown in figure (4).
This was done to obtain incident angle that may
stimulate the SPR. The component parallel of the
incoming beam's k — vector is equivalent to the
parallel component surface Plasmon’s k — vector
once both the incident angle and angle of resonance
are equivalent (also known as the Attenuated Total
Reflection angle ((64rr)). AS a consequence, the
light from the prism did not reflect back illustrated in
figure 4. [13].
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Fig. 4: minimum reflection at 8, for gold/air interface,
the evanescent wave surface plasmon produced
Using Fresnel equation (3) and equation (4), we
compute the external, internal, and reflection
coefficient r,, of the gold/air interface. Many factors
influence the way of determining the proper angle of
resonant, such as the metal film's substance, the
media's refractive index, beams wavelength of the
light source light, and the adjacent zone.[14] Between
both the incident beam as well as the glass-metal
junction, external and interior angles were evaluated.
The equation (5) would be used to control

Oimand 6,
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3. Result and discussion

Calculations (estimation) for a metal film (gold film)
on a glass in air were performed by using refractive
index parameters for different substance such as
(Ngir = 1,M4014 = 0.16 and ngqes = 1.515).  The
minimal reflectance was discovered at a 44.2° angle
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of incidence, with a dramatic dip as seen in fig. 5.
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The lowest point doesn't quite drop to zero.

Table 1: Reflectance of light as a function of incident angle

Incident | Reflectance Incident Reflectance Incident Reflectance Incident Reflectance
angle 6;, (R) angle 6;, (R) angle 6;, (R) angle 6;, (R)
30.08 0.852 41.08 0.885 43.22 0.121 43.77 0.392
3141 0.850 41.26 0.909 43.29 0.072 43.94 0.485
32.50 0.851 41.62 0.941 43.41 0.048 44.34 0.636
33.71 0.849 41.92 0.949 43.53 0.082 44.86 0.746
35.16 0.847 42.47 0.925 43.52 0.102 46.42 0.828
36.19 0.845 42.66 0.863 43.58 0.144 48.29 0.851
37.34 0.846 42.86 0.753 43.63 0.181 51.07 0.865
38.79 0.849 43.08 0.578 43.63 0.215 56.09 0.860
39.82 0.852 43.05 0.409 43.68 0.264 59.90 0.867
40.48 0.862 43.07 0.281 43.79 0.321
1 - wave), also the term of [e!(kx*=w8] means the SPW
propagate in x-direction. In other hand by using
0.8 1 Fresnel’s Equations (eq 4) we can compute total
2 0.6 A reflection of gold/air interfaces, which is depicted in
3 04 - table.2 and figure (6) [12].
o2 Table 2: Fresnel’s Equations for different refractive
index (g = 1,n4,4 = 0.18) for 632.8nm
. P o o —o Incident | Reflectance | Incident | Reflectance
o angle 6;, (R) angle 6;, (R)
0 0.482 50 0.320
Fig. 5: Reflectance (a.u) as a function of 5 0.481 55 0.276
incident angle 0, in digree of gold layer surface in 10 0.477 60 0.225
air for p-polarization 15 0.470 65 0.166
As may be seen, reflectance clearly appears at a 20 0.461 77 0.014
specific angle and thicknesses. According to theory, 25 0.448 75 0.034
as the thickness of a metallic gold film increases by 30 0.431 80 9.96E-05
about 100nm, the SPR will diminish; yet, the same 35 0.411 85 0.115
statement holds true for thicknesses less than 40 0.386 90 1
10nm. As a result, improving thickness is key for the 45 0.356
SPR method. According to figure (5), the angle of
incoming light would be an essential parameter to )
make the SPR exist. In addition, the relationship oy e
among angles of incidence and reflectance, this was £
clearly visible. When the reflectance drops to zero, .
the free electrons of metallic gold absorb the beam’s 8 T~
energy. The electrons start oscillation (resonance)
with the same light’s frequency, at this point, the
lowest intensity has been recorded (dark region, no ) 2 a0 s 50 100
reflection), and this is the interaction between the Incident angle[0°]

charge of metal and electromagnetic wave. This
evanescent wave is naturally fixed to a second
medium (dielectric side).Lowest intensity occurs at a
given angle (resonance angle), indicating that the
light's energy is transferred to charge density
variation, the gathering of oscillation electrons is
called surface plasmon resonance (SPR) and It is
referred to as evanescence depicted in figure (4). The
SP wave is launched at the gold/air interface if the
angle is fixed at a specific value, this coupling gives
an SPW in dimensions (2D), as seen in formula (6).
Let us just say the solution would be in the form of:
the behavior of the waves and the result is: [12]

E = Eje~kzZ gilkxx-wt) _ (g)

—k;, k.. The wave vector of surface plasmon in z, x-
directions, E,: amplitude of electric filed. The term of

[e‘kéz] referred to damping of SPW (evanescence

Fig. 6: Fresnel reflection with incident angle of p-
polarization for different refractive index
Figure 6 and (eq4) indicates reflectance as a function
of incident angle for two different substances
(medium), the reflectivity is about 0.5 at (0°).
Approaching 80°, the reflection approaching to zero
after that point the p-state increases reflectivity very
rapidly especially at 90° because of both medium
differences in dielectric Several factors are taken into
accounts, such as refractive index, thickness, and
length. But there is an additional issue to consider.
Adding the influence of metal dimensions on
incidence  angle and  temperature  would
overcomplicate the problem; we ignore that factors
and assume the test is conducted at room temperature
[14]. In figure (7) we compare our work with other
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that is done by FDTD and it gives a slight difference
[15]
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Fig.7: SPR curve of 50nm gold film as a function of
incident angle incident, comparison between our result

References

[1] Monzoén-Hernandez, D., Villatoro, J., Talavera,
D., & Luna-Moreno, D. (2004). Optical-fiber surface-
plasmon resonance sensor with multiple resonance
peaks. Applied optics, 43(6), 1216-1220.

[2] Mohapatra, S., & Moirangthem, R. S. (2018,
February). Theoretical study of modulated multi-layer
SPR device for improved refractive index sensing. In
IOP Conference Series: Materials Science and
Engineering (Vol. 310, No. 1, p. 012017). IOP
Publishing.

[3] Mohapatra, S., Kumari, S., & Moirangthem, R.
S. (2017). Fabrication of a

cost-effective polymer nanograting as a disposable
plasmonic biosensor using nanoimprint lithography.
Materials Research Express, 4(7), 076202.

[4] Kumari, S., Mohapatra, S., & Moirangthem, R.
S. (2017). Development of

flexible plasmonic plastic sensor using nanograting
textured laminating film. Materials Research
Express, 4(2), 025008.

[5] Chen, Y., Yu, Y., Li, X,, Tan, Z., & Geng, Y.
(2015). Experimental comparison of fiber-optic
surface plasmon resonance sensors with multi metal
layers and single silver or gold layer. Plasmonics,
10(6), 1801-1808.

[6] Fontana, E. (2006). Thickness optimization of
metal films for the development of surface-plasmon-
based sensors for nonabsorbing media. Applied
optics, 45(29), 7632-7642.
[71 Ghorbanpour, M.
sensitivity and stability of
gold/silver bi-layer thin films used in surface plasmon
resonance chips. Journal of Nanostructures, 3(3),
309-313.

[8] Srivastava, S. K., Verma, R., & Gupta, B. D.
(2016). Theoretical modeling of

a self-referenced dual mode SPR sensor utilizing
indium tin oxide film. Optics Communications, 369,
131-137.

[91 Tran, N. H. T., Phan, B. T., Yoon, W. J., Khym,
S., & Ju, H. (2017). Dielectric

(2013). Optimization of

41

TJPS

and simulation result, they done by Kretschmann
Configuration

4. Conclusion

The study found that a 50 nm-thin gold on glass at a
specific impact angle produced the best SPR, this is a
novel investigation. Alternatively, based on Fresnel
equation, the reflectivity of the gold/air interface is
affected by the dielectric and angle of incidence.
(SPR) the binding analysis method is used to
investigate biomolecules. By taking advantage of this
technique, it could be utilized for detecting
interaction molecular in two different mediums.
That’s why the SPR has wide range of application
chemistry and biology as a biosensor.
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