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Abstract—In this paper we considered a periodic structure
with a blazed profile and compared the behaviour of light
interaction with III-V semiconductor materials, GaAs and GaN.
Th efrequency domain interface of electromagnetic wave is
employed to represent wave propagation in a single grating
cell. In order to simulate the both faces of the cell, the floquet
periodicity constraints are employed on a periodic basis. This
article indicates the recent advances in the use of the novel
materials namely GaAs and GaN in blazed gratings, with their
refractive index properties. Plots were made of the grating’s
transmittance and reflectance for every material as a function of
the incident angle. Also, we evaluated the performance of these
gratings at different thickness ranging from 200nm to 800nm
and at different blaze angle range. It was found that, gratings
with GaAs with blaze angle 17.1◦ have a good potential to use
it in the range of 200nm to 800nm in reflective type grating and
GaN with blaze angle 23.96◦ is a good material for transmission
type grating in the range of 200nm to 800nm.

Index Terms—Diffraction, Blazed grating, Optical Grating,
Refractive Index, GaAs, GaN.

I. INTRODUCTION

GRatings are tiny optical devices that separate pure white
light into its individual wavelengths. They have a tiny

optical dimension and are produced on substrates [1]. When
polychromic light reflects off the grating, it is gets dispersed
and diverted to the sample material. Each grating manufactur-
ing system’s goal is to achieve reasonable parameter values.
High-performance MEMS-based spectrometers must therefore
have high-performance grating and they can be manufactured
using MEMS manufacturing techniques. Grating profiles come
in different shapes includes Rectangular and Blazed gratings
[2].

The angle of incidence, polarisation of incident light, refrac-
tive index of the grating material, and the grating period [3]
[4] [5] [6] [7] significantly influence the pattern of energy
was reflected into various diffraction orders at a particular
wavelength [8]. Lord Rayleight predicted that changing the
grating profile may change the energy distribution into the
diffraction orders as early as 1874 [9] [10]. In both infrared and
visible applications, certain materials, such as BK7, sapphire,
SiO2, GaN, and GaAs, can be employed. Yet, the efficiency
of such an optical device could be increased by selecting
materials that are well suited for the applications.

The saw-tooth grooved Blazed gratings, when compared
to rectangular and sine profile gratings, can offer the best
efficiency since they can redirect the majority of incident
light into a unique order [11]. In other words, it’s a form of
reflecting or transmission diffraction grating that’s been tuned
to maximize efficiency in a single diffraction order. As a result,
blazing gratings as the diffractive spectroscopic component
are extremely attractive in spectroscopy and other applications
[12]. This leads to a concentration of maximum optical power
in the proper diffraction order and a reduction of residual
power in all other orders, especially the zeroth. Each grating
can only achieve this condition for a unique wavelength. The
blaze angle is the direction in which optimum efficiency is
obtained. The problem with this form of grating is that a large
anti-blaze angle will considerably limit the efficiency of the
intended diffraction order. But by proper tuning of this anti-
blaze angle, high efficiency diffraction can be achieved [13].
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Abstract. In this work, the influence of variation in volume fractions of silicon carbide (SiC) particles and boron carbide 
(B4C) particles reinforced in 99.8% pure aluminum matrix mixed with 2% graphite (Gr) is studied. Three different 
proportions of hybrid aluminium metal matrix composite (HAMMC) are casted using the stir casting technique. The effect 
of percentile variation of reinforcing particulate materials and solid lubricant are evaluated by compression test, tensile test, 
micro-hardness, impact test and wear as per ASTM standards. The distribution of reinforced particulates in the matrix is 
studied with the help of optical micrographs, which show the homogenous distribution of ceramic particulates inside the 
aluminium matrix. With the higher addition of B4C particles, compressive strength, tensile strength, energy absorption 
characteristics and micro-hardness tends to increase due to the formation of Mg2Si phase. 

Keywords: Hybrid aluminium composite, Stir casting technique, Tensile strength, Hardness, Wear. 

 
INTRODUCTION 

Metal matrix composites (MMCs) have been the subject of applied research and scientific investigation for almost 
30 years, as these advanced materials with tailored applications are gradually introduced in specific engineering fields 
[1]. The greatest asset of MMCs is their combination of properties of a metal matrix with those of reinforcements, 
usually ceramic, providing the required properties to meet challenging and specific tasks [2-4].  There is an excellent 
variety of material combinations (type of reinforcements, fraction additions, shape and processing methods) providing 
rise to a wide spectrum of MMCs, each with a specific property [5]. Selvakumar et al. [6] developed hybrid aluminium 
metal matrix composites (HAMMCs) through powder metallurgy route considering pure aluminium powders, copper 
and silicon carbide (SiC) powders of varying fractions. They found that 7.5% addition of SiC and 4% Cu addition in 
aluminium matrix produces better mechanical and wear properties as higher SiC addition results in poor bonding. 
Velavan et al. [7] selected a stir casting method for fabricating HAMMC consisting of AA6061 reinforced with 10% 
boron carbide (B4C) and varying proportions of mica as a solid lubricant and performed wear studies and found that 
the inclusion of solid lubricant enhances the wear resistivity of HAMMCs. Anbuchezhiyan et al. [8] incorporated 
silicon nitride particles in Al-Mg-Zn alloy and characterization studies. They found that, with the inclusion of ceramic 
reinforcements, mechanical strength was higher due to the restriction of dislocations and load bearing capacity of 
reinforcements. Ragupathy et al. [9] performed tribological studies on heat-treated HAMMCs prepared through stir 
casting technique and found that the inclusion of solid lubricant and heat treatment significantly improves the 
properties of the prepared composite. James et al. [10] reinforced Zirconium dioxide (ZrO2) and Aluminium oxide 
(Al2O3) in AA6061 using stir casting route and found that micro-hardness was increased by 70% when compared with 
parent alloy and tensile strength was higher with the inclusion of hybrid reinforcements. Pitchayyapillai et al. [11] 
used the stir casting technique in AA6061 to fabricate hybrid composites by reinforcing (4, 8, and 12 wt.% of Al2O3) 
and soft solid lubricant of molybdenum disulphide (2, 4, and 6 wt.% of MoS2). They identified that increasing the 
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