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Abstract
We demonstrated experimentally and by simulations a novel kind 
of high contrast metal grating, where grating structure is no more 
rectangular but a multiple step structure with each step of different 
refractive index. Finite difference time domain simulations 
and calculations are done over visible and ultraviolet region. 
Influence of filling factor and grating periods are investigated. 
Experimentally, high reflectivity about 99.9% for the fundamental 
TE and TM waveguide modes, are demonstrated for light of 
0.55μm wavelength in silicon-on-insulator ridge waveguides. 
Moreover for TE mode high reflectivity is obtained for multiple 
wavelengths. 
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I. Introduction
Sub wavelength gratings have grating periods much lesser than 
the input wavelength. Here, grating behaves like a homogeneous 
material because it does not diffract waves and energy is uniformly 
distributed. According to the grating equation for normally incident 
light (sin θ = mλ/Λ, in which θ is the angle of diffraction, λ is the 
wavelength of light, Λ is the grating pitch, and m is the diffraction 
order) diffraction is suppressed for Λ < λ [6], as the diffraction 
angle becomes imaginary for all orders m. High reflection broad 
band mirrors (BBMs) are useful in lots of applications such as 
laser cavities, telecommunication systems and imaging.
Mateus et al. [3-4] reported and experimentally confirmed that 
a simple dielectric sub-wavelength surface relief grating can 
reveal very high reflectivity for a broad spectral range at normal 
incidence for TM polarization (electric field perpendicular to the 
grating lines). Their study shows that the width of the refection 
band is proportional to the index difference of the grating. For 
instance, 0.4 6 thick grating composed of Silicon (n=3.4) in air on 
SO1 wafer can have a very high reflectivity (R>99%) band from 
1.33 to 1.8µm. When period of an SWG on a planar waveguide 
fulfill the guided-mode resonant (GMR) condition occurred due 
to coupling between an incident light and a periodic structure, the 
grating works as a high efficiency band-stop filter at the resonant 
wavelength [1–2]. Where GMR condition is satisfied when 
effective refractive index of the grating layer is high compared 
to that of the surrounding [5].
Effective refractive index of grating depends upon the filling factor 
of the grating. Where filling factor is f=w/p [8] where w is grating 
space or width of grating and p is period of grating. Here, in 
our design we will study about a different grating structure with 
multiple steps of grating.

II. Design and Structure
The key issue of the design is to get multichannel reflections so 
that we can get high reflectivity (>99%) at maximum points. As 
we are considering about sub wavelength gratings so here grating 
period will be less than the input wavelength. In grating structure 

the most important factor to chose is material of grating and then 
period of grating and other factor is filling factor. In our given 
figure w is width of grating, p is period of grating and filling factor 
is given by f=w/p [8].This factor plays a significant responsibility 
in determining the optical properties of gratings. In our structure 
as shown in figure we have used multiple step grating. Each step 
is having different refractive index. Our structure is fabricated 
by SOI substrate where thickness of Si layer is 0.5µm and SiO2 
layer’s thickness is 0.25µm. The first step of grating bar with 
height h1 is made up of Mn3+PO4, second layer of grating contains 
crystalline form of zirconium dioxide (ZrO2) and the third layer 
we choose is of Si.

Fig. 1: Schematic of Proposed Relief Grating Structure 

Grating period is kept as 0.5 µm and grating space is varied 
according to the filling factor. Different filling factors we have 
worked for are 0.3, 0.5, 0.7, and 0.9. Our work is done with three 
different grating periods 0.3, 0.4 and 0.5 µm. Incident wave is 
Gaussian modulated continuous wave with wavelength 0.55 µm. 
So, a monochromatic plane wave is incident from the air with an 
incident angle 𝜃=0˚. 

III. Results and Simulations
A relief structure of grating is designed with silicon on insulator 
waveguide configuration and has been simulated for different 
grating periods and with different grating widths. Reflection 
spectrum of TE polarized light as the incident angle is  is shown 
in fig. 2 grating period is kept as 0.3µm and results are analyzed for 
different grating widths according to their filling factors. Incident 
wavelength given to the grating structure is 0.55µm. Simulations 
for calculating reflectivity are done in wavelength region from 
400nm to 900nm. 

Fig. 2: Reflectivity vs Wavelength Characteristics for Grating 
Period 0.3µm With Different Grating Widths
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Fig. 3 shows the reflectivity characteristics for grating period 
0.4µm and grating widths are kept as 0.36, 0.28, 0.20 and 0.12 
µm respectively. Here, incident wavelength is 0.55µm and wave 
is incident with an angle 𝜃=0˚. Maximum reflectivity calculated in 
these cases is about 99% for different grating spaces for different 
wavelengths but high reflectivity in each case is obtained only 
for one wavelength.

Fig. 3: Reflectivity vs Wavelength Characteristics for Grating 
Period 0.4 µm for Different Grating Widths

Fig. 4 shows the reflectivity characteristics for grating period 
0.5µm and grating widths are kept as 0.45, 0.35, 0.25 and 0.15µm 
respectively. Here, incident wavelength is 0.55µm and wave is 
incident with an angle 𝜃=0˚.

There are several points worth mentioning in our proposed design 
that in above simulations for grating period 0.3µm high reflectance 
of about 99.8% is achieved only at one wavelength, moreover in 
study of structure with grating period 0.4µm, reflectance spectrum 
shows high reflectivity for only two to three points but for grating 
spacing. From the above simulations we concluded that we get 
high reflectance at multiple wavelengths in case of grating period 
0.5µm when grating width is 0.35µm.

Fig. 4: Reflectivity vs Wavelength Characteristics for Grating 
Period 0.5µm for Different Grating Widths

Reflectivity characteristics for 3 steps, 2 steps and single step 
grating are analyzed and plotted for grating period 0.5 µm and 
grating period 0.35 µm and input wavelength 0.55µm.

Fig. 5: Reflectivity vs Wavelength Characteristics for Different 
Step Gratings Where Grating Period, p = 0.5 µm and grating 
space, w=0.35 µm

From figure 5 we concluded that for grating structure for three steps, 
reflectivity is 99.9% and reflectivity is high for four wavelengths, 
so the structure with three steps has maximum reflectivity and 
best results among three structures.
In this experiment reflectivity characteristics are analyzed for both 
TE and TM modes. fig. 6 will show the reflectivity characteristics 
for both TE and TM modes. What we noticed in this case is that 
we get high reflectivity (99.9%) at wavelength 0.48 µm. by using 
proposed structure we can get high reflectivity for both TE and 
TM mode.

Fig. 6: Reflectivity vs Wavelength Characteristics TE and TM 
modes where grating period, p=0.5 µm and grating space, w=0.35 
µm

IV. Conclusion
In our design and analysis of sub wavelength metal grating in 
SOI waveguide with relief structure using multiple steps we get 
the result of high reflectivity (maximum 99.9%) for multiple 
wavelengths. We get enhanced results for grating period 0.5µm 
and grating space 0.35µm. For 2 steps structure we get high 
reflectivity at one point. SWG with relief structure gives more 
exciting results than traditional sub wavelength metal grating 
with input wavelength of 0.55µm over the visible and ultraviolet 
region (400 nm to 900 nm). So, in our study we have proposed a 
special grating structure having the best results for Optoelectronic 
devices, which is named as Grating based Multi wavelength 
Optical Reflector.  By further tuning the filling factor, grating 
period, grating material or sizes, we can use our design for more 
purposes like multichannel wavelength filter.
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