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Abstract. Criteria for development of high sensitivity surface plasmon resonance (SPR) sensor depends on several factors
such as types of metals, light polarization modes, light coupling techniques and thicknesses of metal film. This paper
discussed the effect of light excitation wavelength ranging from ultra violet (UV) region to infrared (IR) region on SPR.
Three regions have been classified such as UV region (from A=200nm to A380nm), visible region (from A=400nm to
A=633nm) and IR region (from A=870nm to A=1550nm). Noble metal gold thin film with thickness of 50nm and refractive
index of n=0.1759+3.3104k was deposited on top of BK7 triangular prism (n=1.51). Very weak SPR signal was generated
as the excitation wavelength was set in UV region. The signal’s strength increased about 26.63% with the increment of
wavelength from A=200nm until A=380nm, resulting the blue-shifting of SPR angle from 54.03° to 43.48°. The greatest
excitation of SPP was significantly observed as the visible light region was incident through the thin film gold-coated prism
represented by the abrupt decreased of Rumin to 96.50% at A=633nm. The SPR angle was red-shifted about 0.30° throughout
this region. The SPR signal getting weaker as light excitation wavelength entered the IR region (from A=870nm to
A=1550nm) indicated by the 64.34% inclination of Ry, In this region, the SPR angle was remain red-shifted from
0spr=44.97° until Ospr=46.18° with the average increment of 0.31° for each wavelength. It can be concluded that the usage
of red laser, A=633nm able to enhance the maximum excitation of SPP. The remarkable outcome of this work shows the
vital role of light excitation wavelength in generating strong SPR signal for various application such as sensor and
optoelectronic device.

INTRODUCTION

Until today, public awareness on environmental pollution is still at low level [1, 2]. The dangers of environmental
pollution such as water pollution have negatively affected lives such as death and disability. The disposal of waste
product to the environment from industry leads to the pollution and health issues. Water sources such as river and sea
are the most common media which able to spread hazardous chemical such as lead (Pb), mercury (Hg) and other heavy
metal ions. Exposure to heavy metal ions may interfere the brain development and the nervous system and cause the
high blood pressure and kidney damage [3]. Today, development of several types of sensors such as mechanical sensor
[4, 5], electrochemical sensor [6, 7] and optical sensor [8, 9] become one of the precaution alternative towards the
health society.

Optical sensor is one of the favorable sensor due to its high sensitivity in detecting the presence of heavy metal
ions [10]. Optical sensor can be divided into two, which are fiber optics sensor and free-space sensor. The main
principle of fiber optics sensor is the used optical fiber as the vital sensing medium. By manipulating the properties of
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optical fiber itself such as decreasing thickness of cladding [11-13], manipulating the bending losses [14-16] and
appointment of thin film and nanoparticles [17, 18] on the cladding surface, the fiber optics sensor able to be
developed. However, the main challenges in developing this type of sensor is due to its expensive and complicated
fabrication procedure. Free-space sensor is more convenient by considering its reliability, high sensitivity and simple
fabrication steps. Surface plasmon resonance (SPR) sensor is a famous optical sensor due to its versatility and less-
complicated working principle. Its working principle depends on the change of refractive index (RI) of the sensing
medium as reported elsewhere [19,20].

Main requirements for the development of SPR sensor are metal thin film with thickness less than 100nm, prism
for light coupling and the appointment of p-polarized laser source [21,22]. Selection of suitable thicknesses mainly
affect the sensitivity of SPR sensor, too thick thin film which is more 100nm results the absence of evanescent field
due to the light absorbance inside metal thick film. Meanwhile, a very thin film which is less than 30nm may leads to
electron damping oscillations [23]. Shape of prism also influence the amount of incident light to be coupled at metal-
air boundary. Half-cylindrical and triangular prism able to produce maximum light coupling as discussed in our
previous work [24]. The usage of p-polarized results the optimization of SPR signal up to 50% in comparison with
the circular-polarized light. Note that the appointment of p-polarized light is also depends on the light wavelength.
Usually, helium neon red laser (A=633nm) is commonly used due to its better visibility and able to provide a Gaussian
beam shape with low divergence [25-27]. Nonetheless, type of laser for the generation of SPR is not only limited to
this respective wavelength as there are few SPR works employing another wavelength source yet resulting good SPR
signal [28].

This paper discussed the potential of electromagnetic waves ranging from ultra violet (UV) region to infrared (IR)
region to excite surface plasmon polaritons (SPP). Gold thin film with thickness of 50nm remain fixed throughout this
work. The significant output of this research exhibits the versatility of SPR signal’s strength as the value of excitation
wavelength is modulated.

METHODOLOGY

Gold thin film (refractive index, n=0.1758+3.4101k) with thickness of 50nm was deposited on top the hypothenuse
side of a BK7 glass prism (n=1.51) using Kretschmann configuration. The main function of prism was to couple the
incident light so that sufficient energy able to excite surface plasmon polaritons (SPP). p-polarized light source was
incident through the gold-coated prism for the generation of SPR signal as illustrated in Fig. 1.

| «— Evanescent wave

50nm thickness of gold —

Prism

Photodetector

p-polarized laser source with various
excitation wavelength ranging from
ultraviolet spectrum ((A=200nm to
A=380nm), visible spectrum (A=400nm to
A=633nm) to infrared spectrum
(A=870nm to A=1550nm)

FIGURE 1. Proposed SPR experimental setup which consisted of p-polarized light source with various excitation wavelength,
prism which acted a light coupler and gold thin film to generate the surface plasmon polaritons (SPP)
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In this work, three regions of light spectra with various wavelength were employed such as ultraviolet spectrum
(A=200nm until A=380nm), visible spectrum (A=400nm until A=633nm) and infrared spectrum (A=870nm until
A=1550nm) by using an angular interrogation technique. The characterization of SPR signal for each wavelength was
investigated by studying the important parameters on SPR curves such as minimum reflectance (Rmin), SPR angle
and amount of angle shifting. The smaller the minimum reflectance, the greater the amount of SPP’s excitation due to
the large part of incident light which was successfully absorbed by the gold thin films resulting the presence of
evanescent field [29].

RESULTS & DISCUSSIONS

Figure 2 illustrates the SPR curves for various light excitation wavelength. The employment of light source with
excitation wavelength in UV spectrum range resulted weak SPR signals as shown in Fig. 3(a). At A=200nm, no SPR
signal was observed. As value of wavelength was increased to A=250nm, a very shallow SPR peak with minimum
reflectance, Rmin=0.8181 a.u was obtained indicated the existence of weak evanescent field due to the excitation of
SPP. Rmin was decreased about 4.89% with the recorded value of Rmin=0.7780 a.u as the excitation wavelength was
tuned to A=300nm. Similar patterns were observed where the value of Rmin became smaller with the increment of
excitation wavelength from A=320nm until A=380nm. The lowest value of Rmin=0.6063 a.u was achieved at A=380nm
proving that the strongest SPR signal able to be generated in UV region by employing this respective wavelength. A
significant output was resulted as the spectrum region changed from UV to the visible as depicted in Fig. 3(b). Strong
SPR was generated when the wavelength was set at A=633nm (red colour laser) where the smallest value of Rmin=0.014
a.u obtained. We observed weak SPR signal at A=400nm which was very near to the boundary between UV region
and visible region. Yet, with the increment of wavelength from blue-violet light (A=400nm) to red light (A=633nm),
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FIGURE 2. SPR curves as p-polarized light with various wavelengths were incident through the 50nm thickness of gold-coated
triangular prism (a) ultra violet region (A=200nm until 380nm) (b) visible region (A=400nm until A=633nm) (c) infrared region
(A=870nm until 1550nm)
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the SPR phenomena became more significant. Starting from A=543nm (green light), value of Rmin dropped about
87.44% to 0.0502 a.u in comparison with reflectance value at A=400nm. At A=604nm, Rmin was obtained as 0.019 a.u.
Value of Rmin was slightly reduced to Rmin=0.016 a.u and Rmin=0.014 a.u as the wavelengths were set at A=612nm and
A=633nm, respectively. This impressive output indicated the vital role of excitation wavelength as a control parameter
in creating strong SPR. Value of Rumin started to increase about 92.83% as the excitation wavelength was shifted to IR
region light source at A=870nm as indicated in Fig. 3(c). As the light’s wavelength fixed at A=940nm, value of Rumin
was recorded as 0.2561 a.u. This increment pattern had been observed throughout this region where the largest Rmin
was achieved at A=1550nm with Rmin=0.5477 a.u.

Apart from the value of minimum reflectance, the sensitivity of SPR sensor was commonly observed based on the
amount of angle shifting. Fig. 4 exhibits the response of Rmin and SPR angle as the excitation wavelengths were varied.
Value of Rmin decreased to 26.63% with the increment of the wavelength in UV region from A=200nm until A=380nm
(Fig. 3(a)). The SPR angle was blue-shifted from 54.03° to 43.48° as the wavelength was tuned from A=200nm to
A=250nm. No notable change on SPR angle was observed when the value of wavelength was modulated from
A=250nm until A=380nm where the angle remained at 8spr=43.48°. An abrupt declination of Rmin Was resulted in
visible region when it approached A=543nm as illustrated in Fig. 3(b). Rmin reached its minimum value at A=633nm
with percentage of drop about 96.50% in comparison with blue-violet wavelength (A=400nm). The SPR angles
remained constant at Ospr=44.37° with the increment of wavelength from 2=400nm to A=543nm. The SPR angle was
then red-shifted at A=594nm with 8spr=44.67° and consistent at this angle until A=633nm. Value of Rmin was linearly
increased up to 64.34%, from Rmin=0.1953 a.u (A=870nm) to Rmin=0.5477 a.u (A=1550nm) as its entered the IR region
(Fig. 3(c)). The shifting of SPR angle portrayed the same behavior as in the visible region, where the red-shifted of
angle was resulted. Interestingly, the SPR angle consistently red-shifted from 6spr=44.97° until 6spr=46.18° with the
average increment of 0.31° for each wavelength.
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FIGURE 3. Response of Ry, and SPR angle as the excitation wavelengths were varied. (a) ultra violet region (A=200nm until
380nm) (b) visible region (A=400nm until A=633nm) (c) infrared region (A=870nm until 1550nm)
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Figure 4 shows the effect of each region on the value of Rmin and SPR angle as the excitation wavelength increased.
Combination features of unshifted SPR angle and large value of Rmin in UV region indicates the unsuitability of this
region to be employed as light source to generate SPR signal. As the wavelengths were tuned into visible region, the
Rumin was significantly decreased which exhibits a high potential candidate for the development of excellent sensitivity
SPR sensor. The SPR signal became stronger as the value of excitation wavelength increased from UV region to
visible region. The strongest signal was obtained at A=633nm validating the eligibility of this wavelength to excite
maximum excitation of SPP. This is due to the strong coupling between light and surface charges where the light field
has to drag the electrons along the metal surface. The SPP on a plane interface cannot be excited by light of any
frequency that propagates in free space [23]. SPR angles were red-shifted about 0.68% from 44.731° to 44.673° as the
wavelength were modulated between A=400nm and A=633nm. As excitation wavelength entered the IR region, value
of Rmin was abruptly inclined indicated a low excitation of SPP. The SPR angle experienced red-shifting throughout
this region.
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FIGURE 4. Effect of light excitation wavelength on the value of minimum reflectance, Ruin and location of SPR angle, Ospr.
Strong SPR signal was obtained in visible region.

CONCLUSION

Recently, SPR sensor has been actively developed for numerous applications due to its high sensitivity and
simplicity. In this work, we were successfully enhanced the SPR signal’s strength by manipulating the value of light
excitation wavelength from UV region to IR region. The employment of visible light at A=633nm exhibits maximum
generation of SPP. We believe that this discovery will benefits to the development SPR sensor with impressive
versatility.
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