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Abstract  

Optical coating is one of 

the process of deposition 

one or more thin films of 

materials of alternative 

layers on optical 

components such as 

mirrors or lenses, which 

changes the direction in 

which light in the 

components reflect or 

transmit. Objective: This 

paper aims to study the 

effect of increasing 

number of layers in 

optical filter design 

using the optical matrix 

approach method. 

MATLAB program 

version 8.1 was used to 

model the designs. 

Result: The reflection of 

a glass substrate of 

refractive index 𝑛𝑠 = 1.5 

was enhanced by adding 

successive dielectric 

layers of alternating 

high refractive index 

(𝑛𝐻 = 4.7) from MoS2 

material and low 

refractive index (𝑛𝐿 = 
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INTRODUCTION  

  Optical coatings have 
been extensively used 
in many applications 
including mirrors, 
lenses, lasers, IR diodes, 
and optical filter 
(Nazar, Rashid, Salman, 
& Ali, 2016). Highly 
reflecting dielectric 
mirrors have been 
developed to be used in 
Laser Resonator, 
Astronomical 
Telescopes, Satellites, 
and in Fabry-Perot 
interferometers 
(Ismail, Aziz, Teeka, Ali, 
& Yupapin, 2012). 
Visible waves are 
electromagnetic waves 
with frequencies lower 
than ultraviolet waves.  
In most of the high 
Reflectance Mirrors are 
normally designed from 
a thin layer of metal 
material (Manaf et al., 
2008). A number of a 
thin layers are 
deposited on the glass 
substrate from 
dielectric materials or a 
mixture of insulating 
and metal materials by 
choosing the 
appropriate refractive 
index and optical 
thickness for each layer  

Keywords:   optical 

coating, thin film, 

optical filter, 

multilayer, bandwidth. 
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3.2) from Si material 

respectively. The 

reflectance increased as 

the number of layers 

increasing or vice versa. 

Therefore, the maximum 

reflectance is achieved 

by adding a successful 

layer depending on the 

design (glass 12|LH|air) 

the reflectance and 

transmittance. 

Conclusions: The 

reflectance and 

transmittance of the 

glass increased by 

increasing the number of 

layers and the high 

reflectance and 

transmittance achieved 

by putting the layer of 

high refractive index as 

outer layer. It is 

observed that the 

bandwidth of the 

reflectance and 

transmittance is affected 

by increasing the 

number of layers. 

 

and number of layers (Kedawat et al., 2013). The optical concert of the multilayer 

system can be determined by suitable choosing of absorption coefficient, and 

geometrical thickness of individually layers and coefficients of the refraction of 

the surrounding including Incident Medium, and substrate. Optical performance 

is defined as Reflectance (R), Transmittance (T), and Absorption (A) as a function 

of the wavelength or frequency for the optical beams. 

 

The role of increasing number of multilayer layers in optical filter design 

Number of layers have a great impact on the designed MTF edge filter. Increasing  

number of layers affect the  performance of the optical filter  (Ismail et al., 2012).  

According to Macleod (2010)   the sharper the filter the more difficult to 

manufacture the higher the prize .Therefore, to achieve the maximum reflection 

at normal  incidence  angle, each layer’s thickness of the stack d high and d low have 

to satisfy the Bragg condition in equation 1.0 (Bronnbauer et al., 2018). In this 

design the simulation is limited to wavelength range 400- 1000 nm. Five different 

MTF edge filter is obtained and plotted in the same graph. 

n high x d high= nlow x dlow   = 
𝜆𝑜

4⁄      (1.0) 

 

Theoretical matrix equations for optical filter design 

The matrix theory expression has been used for calculation the optical 

performance in multilayer thin film filter design. The process involves extremely 

complex calculations an alternative approach has been found.  The development 

of completely original forms of the solution of Maxwell’s equations in stratified 

media. These brief explanations have overlooked the effects of multiple 

reflections and must of the layer for specific performance of the filter, this 

additional reflection is taken into the account (Nazar & Jasem, 2017). The 
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theoretical equation in Figure 1.2, 1.3 and 1.4 can be used to design optical filter 

in a flow chart in Figure 1 

[
𝐸𝑎

𝐻𝑎
]=[

cos 𝛿 isin 𝛿/𝜂1

i𝜂1sin 𝛿 cos 𝛿
] [

𝐸𝑏

𝐻𝑏
]                                                                  (1.2) 

[

𝐸𝑎
𝐸𝑏

⁄

𝐻𝑎
𝐻𝑏

⁄
] =  [

𝐵
𝐶

] = [
cos 𝛿 isin 𝛿𝜂1

i𝜂1sin 𝛿 cos 𝛿
] [

1
𝜂2

]                                                 (1.3) 

Υ =
𝐻𝑎

𝐸𝑎
 =

𝐵

𝐶
= 

𝜂𝑂 cos 𝛿  +𝜂1 sin 𝛿

cos 𝛿+𝑖(
𝜂2

𝜂1
⁄ ) sin 𝛿

                                                     (1.4) 

The process in Figure 1 begans by input parameter to start the design, and 

continued by calculating thin film equations then the result can be obtained. But, 

if the result is not good then parameter such as refractive index, thin film 

thickness, reference wavelength and a number of layers can be changed to obtain 

the desire design. In this present simulation work, optical matrix  method is 

proposed for design MTF filter as adapted by (Abbas, Salman, & Hashim, 2017). 

Thus, the coding is divided into S. polarization (perpendicular) and P polarization 

(parallel), built in MATLAB for 

different polarization incident 

light. This method is used to 

obtained the optical the 

performance and thickness of the 

optical filter. Besides, thin film 

layers are based on high and low 

index up to the required   number 

of layers used in the design. 

 

Figure 1 Flow chart of MTF Edge 

filter design. 

 

Result and Discussion 

From the result in Figure 2, it is 

observed that five different types 

filters were designed, in each   

design the Reflectance against 

wavelength for 40, 24, 20,16 and 8 

alternative layers is plotted. The 

materials used were molybdenum 

sulphide as higher and silicon as 
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lower refractive materials. From the graph the variation of number of layers was 

observed as the number of layers is increased the reflectance is increased but, 

once the number of layers reached sixteen the reflectance reached hundred 

percent (%) respectively. Therefore, as the number of layers continue to 

increased the reflectance remained the same only the width of the wavelength 

increased continuously. 

 

 
Figure 2 Shows reflectance against wavelength (nm) 

 

Transmittance  

In filter design, the increases in number of layers has impact on transmittance as 

stated in the reflectance in Figure 2.  Hence, Figure 3 shows the relationship 

between transmittance and wavelength (nm) of five different optical filter.  

 
Figure 3 shows the Transmittance against wavelength (nm) 



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 11 NO.2) DECEMBER, 2019 EDITIONS 
 

 
  
 

469 

Conclusion  

In this present work, the higher the number of layers the high the reflectance but 

as the number of layers continue to increase the percentage of transmittance or 

reflectance remained unchanged only the bandwidth of the filter increased using 

molybdenum sulphide and silicon materials as the number of layers is more then 

8 layers the % of transmittance and reflectance remained 100%. 

 

Recommendation 

In filter design and fabrication any types of filters it very important to study the 

effect of number of layers and also the optical properties of the materials before 

fabrication any types of filters this will reduces the prizes of that filter. Hence, by 

using MATLAB reduces the cost of fabricating it. 
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