
 

North American Academic Research, Volume 3, Issue 12; December, 2020; 3(12) 462-470      ©TWASP, USA 1 
 

+ North American Academic Research 

 

 

 

 

Journal homepage: http://twasp.info/journal/home 

 

Research 

Comparative Performance Analysis of Square- and Triangular Corrugated 

Optical Waveguides as Optical Filters 
 

Md. Zamil Sultan1*, and Md. Mehedi Islam2 

1Department of Electrical and Electronic Engineering, Hajee Mohammad Danesh Science and 

Technology University, Dinajpur-5200, Bangladesh 
2Department of Electronics and Communication Engineering, Hajee Mohammad Danesh Science 

and Technology University, Dinajpur-5200, Bangladesh 

 
*Corresponding author 

Email: mdzamilsultan@hstu.ac.bd 

Accepted: 31 December, 2020; Online:04 January, 2020 

DOI : https://doi.org/10.5281/zenodo.4415333 

Abstract: We have reported comparatively the influences of square- and triangular corrugations 

on the optical waveguide to be used as optical filter. To do this, the performance parameters, 

reflectance and transmittance have been derived for the two types of periodic corrugated 

waveguides. By visualizing reflectance and transmittance characteristics, it is found that both 

types of corrugated optical waveguide act as optical filter. It is also found that triangular 

corrugated filter gives better elimination than square corrugated waveguide filter. This study 

would be very helpful for the development of efficiency in the optical fiber communication systems.  
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Introduction  

With the development of the technology of communication, optical fiber communication system 

has attracted much more attention due to its some advantageous characteristics, such as high speed 

transmission, greater bandwidth, better reliability, more flexible and cost-effective.1–5 Optical 

communication systems transmit information optically through fibers. Basically, optical fiber 

communication system consists of light sources such as laser diode, optical fiber and photo 

detector at the receiver.2 However, the light emitting from the laser diode practically contains some 

harmonics near the fundamental frequency which may cause pulse spreading due to dispersion 

during transmission.6 Moreover, edges of the core-cladding boundary are straight in case of 

theoretical optical waveguide but practically, unfortunately there exists some ripples in the edges.7 

Some optical power radiates through these ripples unintentionally, therefore power confinement 
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through the fiber decreases for all transmission wavelengths. Therefore, it is great importance not 

only to filter the unwanted harmonics of emitting light but also to eliminate or reduce the negative 

impact of waveguide ripples on the performance of the optical fiber communication systems.  

If the ripples are added in a definite shape such as square, triangular at the waveguide edges as 

shown in Fig. 1(a), then the waveguide acts as optical filter shown in Fig. 1(b). Some wavelengths 

of transmitting light are radiated out completely through these ripples while some wavelengths are 

confined through waveguide guiding layer as can be seen from Fig. 1(b). As a result, the dispersion 

losses of the waveguide are minimized and efficiency of the optical waveguide increases.7,8 In this 

study, we therefore, have analyzed and compared the influences of square- and triangular 

corrugations on the optical waveguides to be used as optical filters. 

 

(a)                 Square corrugation                                   Triangular corrugation 

 

(b) 

 

Fig. 1. (a) Square- and triangular corrugations on the optical waveguide (b) use of corrugated 

optical waveguide as optical filter. 

 

Mathematical Analysis and Simulation   

The schematic diagram of a square corrugated section of an optical waveguide with incident, 

reflected and transmitted intensities, and the forward and backward propagating waves inside the 
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corrugated section are shown in Fig. 2 (a) and 2(b), respectively. When a light signal is incident to 

the square corrugation section as shown in Fig. 2(a), some wavelengths of incident light are 

reflected back from different positions of corrugation section due to variation in refractive index 

and some other wavelengths transmitted through the waveguide. 

(a)  

 

 

 

 

 

 

(b) 

 

 

 

Fig. 2. (a): A square corrugated section of a waveguide with incident, reflected and transmitted 

intensities (b) forward and backward propagating waves inside the corrugated section. 

 

Constructive interference occurs among those reflected wavelengths that follows the Bragg law, 

𝛽 = 𝑙𝜋
𝜆⁄    where 𝑙  is a integer.9 In this way, forward propagating wave 𝐴(𝑧) and backward 

propagating wave 𝐵(𝑧) in the propagation direction 𝑧 form as shown in Fig. 2(b). The forward and 

backward propagating modes in one optical waveguide may be coupled according to the coupled 

mode theory.7 The  coupled mode equations play a major role in guided wave optics. The couple 

mode equations can be described for this structure as 

𝑑𝐴
𝑑𝑧⁄ = 𝜅𝐵𝑒𝑥𝑝[−𝑖2(∆𝛽)𝑧]                                               Eq. (1) 

𝑑𝐵
𝑑𝑧⁄ = 𝜅𝐴𝑒𝑥𝑝[𝑖2(∆𝛽)𝑧]                                                   Eq. (2) 

Where κ =Coupling coefficient between forward and backward waves, ∆𝛽 = 𝛽 − 𝛽0 = 𝛽 −

𝑙𝜋
∧⁄  ,  ∧ = corrugation period, and 𝑧 is the propagation direction.  
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The equation of coupling coefficient, κ for square (𝜅𝑠)- and triangular (𝜅𝑇) corrugations have been 

derived as follows:  

For square corrugation,  
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                                        Eq. (3) 

For triangular corrugation,
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Eq. (4)                                                                                                                                                    

Where  𝑠 = transverse mode number, 𝑛1 = refractive index of cladding layer, 𝑛2 =

refractive index of core or guiding layer,  𝑎 = corrugation depth, and 𝑡 =   

width of the guiding layer 

It is known that,  Relectance, 𝑅𝑒𝑓𝑓 =
𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑓𝑒𝑙𝑐𝑡𝑒𝑑 𝑤𝑎𝑣𝑒

𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑤𝑎𝑣𝑒 
 

                           Transmittance, 𝑇𝑒𝑓𝑓 =
𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑖𝑡𝑒𝑑 𝑤𝑎𝑣𝑒

𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑤𝑎𝑣𝑒 
  

Therefore, for the corrugation section as shown in Fig. 2(b),  

                                        𝑅𝑒𝑓𝑓 = |
𝐴(0)

𝐵(0)
|

2

 and 𝑇𝑒𝑓𝑓 = |
𝐵(𝐿)

𝐵(0)
|

2

 

By mathematical analysis, the equations of 𝑅𝑒𝑓𝑓 and 𝑇𝑒𝑓𝑓 have been derived as follows: 

𝑅𝑒𝑓𝑓 =
(𝜅𝐿)2𝑠𝑖𝑛2ℎ[√(𝜅𝐿)2−(𝛽∆𝐿)2]

(𝜅𝐿)2𝑐𝑜𝑠2ℎ[√(𝜅𝐿)2−(𝛽∆𝐿)2]−(𝛽∆𝐿)2
                            Eq. (5) 

                           𝑇𝑒𝑓𝑓 =
(𝜅𝐿)2−(𝛽∆𝐿)2

(𝜅𝐿)2𝑐𝑜𝑠2ℎ[√(𝜅𝐿)2−(𝛽∆𝐿)2]−(𝛽∆𝐿)2
                             Eq. (6) 

 Where ∆𝛽𝐿 = [(𝜔 − 𝜔0) 𝐿
𝑐⁄ ]𝑛𝑒𝑓𝑓 ,  𝜔 = 2𝜋𝑐

𝜆⁄ , 𝜔0 = center or mid gap frequency =

2𝜋𝑐
𝜆0

⁄ ,   𝐿 = corrugation length, 𝑐 = velocity of light and 𝑛𝑒𝑓𝑓 = effective refractive index. 
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The 𝑅𝑒𝑓𝑓 and 𝑇𝑒𝑓𝑓 have been visualized for both square- and triangular corrugations by using Eqs. 

(3), (4), (5) and (6) to evaluate reflectance and transmittance spectra for these structures. 

Results and discussions 

(i) Transmittance and reflectance characteristics of a corrugated section  

The transmittance and reflectance characteristics of square waveguide have been visualized in Fig. 

3 as a function of the detuning L = ( )0 / effL c n  −  .  

  

Fig. 3. Transmission and reflection characteristics of a square corrugated section as a function 

of the detuning L = ( )0 / effL c n  −  . 

 

As can be seen from this figure that at a particular wavelength or frequency, the transmittance 

is minimum and reflectance is maximum while at some other wavelengths or frequency, the 

transmittance is maximum, and reflectance is minimum. Selection of any desired λ to be passed 

through the corrugated waveguide is depending on the coupling constant 𝜅𝑠 of such waveguide. 

As can be seen from Eqs. (3) and (5), we can change 𝜅𝑠 and  𝑅𝑒𝑓𝑓 by varying different 

parameters such as a, t, n2, L and    etc. Similar result is found for triangular corrugated optical 

waveguide. Thus, corrugated waveguide acts as a high reflectivity mirror. So, we can say that 

square- as well as triangular corrugated optical waveguide can be used as an optical filter.  

 

(ii) Reflectance characteristics of a corrugated section for varying corrugation period (Λ): 
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Figs. 4(a) and 4(b) show the reflectance characteristics of square- and triangular corrugated 

optical waveguides, respectively for various corrugation period ( ). It is observed from Fig. 4(a) 

that for square corrugation, the  𝑅𝑒𝑓𝑓   is about 39% and 84% for  = 5 µm and 4 µm, 

respectively. On the other hand, for the triangular corrugation period, Λ= 10 µm, 𝑅𝑒𝑓𝑓 is more 

than 75% while for Λ= 8 µm, it is almost 99%. So, it can be said that the reflectance of the 

corrugated waveguide increases with decreasing corrugation period Λ and the value of 

corrugation period Λ is very effective on the reflectance characteristics of square corrugated 

waveguide. 

 

(a)                    (b) 

Fig. 4. A comparison of reflectance for various corrugation period ( ) of (a) square (b) 

triangular corrugated optical waveguide. 

 

(iii) Reflectance characteristics of a corrugated section for varying corrugation length (L) 

Figs. 5(a) and 5(b) show the reflectance characteristics of square- and triangular corrugated optical 

waveguides, respectively for different corrugation length (L). It is observed from Fig. 5(a) that for 

square corrugation, the  𝑅𝑒𝑓𝑓  is about 84% and 98% for L= 50 µm and 80 µm, respectively. On 

the other hand, for the triangular corrugation length, L= 40 µm, 𝑅𝑒𝑓𝑓 is more than 76% while for 

L= 60 µm, it is about 93%. So, it can be said that the reflectance of the corrugated waveguide 

increases with increasing corrugation length L and the value of corrugation L is relatively less 

effective on the reflectance characteristics of square- and triangular corrugated waveguides. 
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(a) (b) 

Fig. 5. A comparison of reflectance for various corrugation length (L) of (a) square (b) 

triangular corrugated optical waveguide. 

 

(iv) Comparison between square and triangular corrugations 

The reflectance characteristics of square and triangular corrugated optical waveguides have 

compared in Fig. 6 for the same parameters of optical waveguide.  

  

Fig. 6. A comparison of reflectance between (a) square (b) triangular corrugated optical 

waveguides. 

As can be seen from this figure that the reflectance for square perturbation is 40% but for triangular 

perturbation it is almost 88% whenever the corrugation parameters are kept same. The reflectance 
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of the corrugated optical waveguide increases significantly whenever triangular corrugation is used 

rather than square corrugation. Thus, triangular corrugated optical waveguide is better to be used 

as optical filter in the optical fiber communication systems.  

Conclusion 

The influences of square- and triangular corrugations of the optical waveguides have been 

analyzed and compared to be used as optical filter. To obtain this, the equations of reflectance and 

transmittance have been derived and visualized. It is found that both types of corrugated optical 

waveguide act as optical filter. Moreover, it is also found that triangular corrugated filter gives 

better elimination than square corrugated waveguide filter. This study would be very helpful for 

the development of efficiency of the optical fiber communication systems.    
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