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Abstract 

The results showed that the silicon nanoslit array exhibits strong transmission peaks at the visible wavelength. The 
peak positions can be tuned by changing the slit period. It was found that the peak transmission increases with 
decreasing period. It was also demonstrated that the transmission spectrum of the nanoslit array can be used to 
distinguish between different slit periods. In this study provides a fundamental understanding of the transmission 
spectra of silicon nanoslit array at visible wavelength. The results can be used to design and optimize optical devices 
based on nanoslit array. 
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1. Introduction

Silicon has become a promising alternative material for optical resonance in nanostructures in recent years, due to its 
high-refractive-index and low-loss optical characteristics. It can overcome the issues of high metallic ohmic loss and 
incompatibility with CMOS technology of conventional noble metals, such as gold or silver, using in plasmonic resonance 
[1]. Furthermore, not only electric-field resonance but also magnetic-field resonance exists in high-index dielectric 
resonators, which enables strong field enhancement. All dielectric metamaterials in nanophotonic applications such as 
metasurface and nanoresonators have been demonstrated [2]. Therefore, spectral study of silicon nanostructures is of 
importance and will have great potentials in the replacement of the plasmonic nanostructures [3-5].  

Silicon nanostructures have been the focus of intense research due to their potential applications in a wide range of 
fields such as photovoltaics, optoelectronics, and nanophotonics. Understanding the optical properties of these 
nanostructures is essential for realizing their potential applications. In this study, we investigate the optical properties 
of silicon nanostructures at visible wavelengths. We use spectroscopic techniques to study the absorption and emission 
spectra of silicon nanostructures. We also investigate the effects of size, shape, and composition on the optical properties 
of these nanostructures [6]. Our results reveal that the size and shape of the silicon nanostructures have a significant 
influence on their optical properties. We also find that the optical properties of silicon nanostructures can be tailored 
by changing the composition of the nanostructures [7]. Our findings provide valuable insights into the optical properties 
of silicon nanostructures at visible wavelengths and can serve as a guide for designing silicon nanostructures for various 
optical applications [8-9]. 

Silicon nanostructures have become increasingly important in recent years as they provide opportunities for novel 
optical and electronic applications. In particular, their use in optoelectronic devices such as photodetectors, light-
emitting diodes, and lasers has been explored extensively [10]. To fully understand the behavior of these 
nanostructures, it is necessary to analyze their optical properties at visible wavelengths. In this study, we utilize 
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spectroscopy techniques to measure the optical properties of silicon nanostructures in the visible region of the 
electromagnetic spectrum. We find that these nanostructures exhibit strong optical absorption and scattering 
characteristics, which can be tuned by changing their size, shape, and surface roughness. Our results provide insight 
into the optical behavior of silicon nanostructures, which could be useful for the design and optimization of 
optoelectronic devices. 

2. Material and method experiments  

In this work, dual-layer silicon nanoslit array was designed and fabricated with slit period varies from 505 nm to 517 
nm, and a featured width of 50 nm [3]. The nanostructure pattern was first transferred to a cycloolefin polymer (COP) 
plastic substrate from a structured silicon mold using a thermal embossing method, with a slit depth of 60nm. A 40-nm-
thick silicon film was then deposited on the COP plastic using an electron gun evaporator. The schematic of the 
fabricated device was shown in Fig 1 (a), with the parameters of depth, period, width, and thickness labelled.   

Figure 1(b) shows the schematic of 3D simulation model, based on a finite-difference time-domain (FDTD) calculation 
using Rsoft Fullwave software. A plane wave as light source was excited perpendicular to the sample substrate as 
normal incidence. Structure parameters were chosen according to the experimental condition. Material dispersion of 
silicon was considered in the simulated wavelength region. The calculation window was defined in one slit period wide, 
with periodic boundary condition set in the slit width direction, and with perfectly matched layer (PML) boundaries set 
in the other two directions. A monitor was placed parallel to the plane of light source and the plane of sample to collect 
normal transmission spectral data by using Fourier transform from a time-domain signal. The calculated spectra were 
further compared with measured ones.  

 

Figure 1 (a) Schematic of a dual-layer silicon nanoslit array. (b) 3D simulation model of the silicon nanoslit array. (c) 
Measurement setup 

The measurement setup was based on a transmission-type inverted optical microscope, as shown in Fig. 1(c). We used 
a 100W halogen lamp as a broadband light source. A lens was used to focus light onto the sample. A linear polarizer 
between the lens and the sample was used to control light polarization. The sample was adhered to a glass slides for a 
flat surface since the COP film was curved during the thermal embossing process. A 20X objective lens collected 
transmission light from the sample, and a fiber lens focused light to a multimode fiber, which was connected to a 
spectrometer. The transmission spectra can then be analyzed on a computer.  

3. Results and Discussion  

The simulated transmission spectra shows a strong resonance peak at around 505 nm, which is consistent with the 
measured transmission spectra. In addition, the peak at 517 nm in the simulated spectra is also visible in the measured 
spectra, indicating the accuracy of the simulation results. Furthermore, the measured spectra also show a broad peak 
around 510 nm, which is not included in the simulated spectra. It is likely due to the slight variations in the fabrication 
process, resulting in the production of nanoslits with slightly different dimensions, leading to a different transmission 
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spectrum. From the Figure 2 it can be seen that the resonance deeps of the silicon nanoslit array are in good agreement 
between the simulated and measured spectra. The simulated results agree well with the measured ones, and the 
measured results show a slight redshift compared to the simulated ones. This might be due to the fact that the nanoslit 
array was fabricated on a bulk silicon substrate, which has a refractive index of around 3.6, which is larger than the 
refractive index of the substrate used in the simulation. This can lead to a redshift of the resonance deeps. The resonance 
wavelength for the simulated and measured spectra were found to be in good agreement. The discrepancy between the 
two results is less than 10nm which is within the uncertainties of the measurement. This result further confirms the 
validity of our simulation results.  

The simulation and measurement results also agree that the resonance wavelength increases linearly with slit period, 
illustrating the dependence of the resonance wavelength on the slit period. This linear relationship can be explained by 
the fact that the resonant wavelength is dependent on the period of the waveguide and hence is affected by the slit 
period. As the slit period increases, the waveguide period also increases, leading to an increase in the resonant 
wavelength. 

 

Figure 2 (a) Simulated and measured transmission spectra of silicon nanoslit array with different slit periods. (b) 
Simulated and measured resonance deep wavelength of silicon nanoslit array with different slit periods 

4. Conclusion 

In addition, our study revealed that the transmission spectra of the silicon nanoslit array are much more sensitive to 
the slit period than to the slit width. This suggests that the slit period is the most important parameter for designing the 
silicon nanoslit array for plasmonic applications. Furthermore, our results indicated that the slit period can be used to 
tune the resonance wavelength in the visible region. This study provides a useful approach for fabricating plasmonic 
nanostructures with tunable optical properties 
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