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Abstract: The proposed analysis describes an Optical Mach Zehnder Interferometer (OMZI) sensor platform using rib 

waveguides. OMZI is a device that makes accurate measurements of Refractive Index (RI), deals with interferometer 

using single mode transmission. Using the OMZI waveguide structure, optical technique for sensing and measurement 

was demonstrated. The entire Mach Zehnder Interferometer structure has been made using rib waveguide. Technical 

considerations for analysis of single mode rib waveguides and its effects on sensitivity are reported. The rib height and 

width for single mode rib waveguide greatly affects light guiding. Waveguide structure is designed using RSOFT CAD 

tool. Its optimization and measurement of refractive index has been carried out using Beam Propagation Method 

(BPM) technique. This is cost effective and simple methodology which can be used in guided wave bio-sensors 

application. 
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1. INTRODUCTION 

Mach-Zehnder Interferometer (MZI) has been widely used by researchers for developing various devices considering 

its advantage of simple design allowing its easy implementation for different applications
 [1]

. MZI has been 

implemented in switching and modulating purposes, optical interconnect applications, telecommunications, chemical 

sensing and biosensor applications etc 
[2, 3]

 .Silicon and polymer are used as MZI material. Polymers are more flexible, 

compatible and cost effective as compared to silicon material 
[4,5]

. Hence, combing the properties of polymer materials 

with the advantages of an MZI used in a multiple sensor technology to develop a biological sensor and sensor array 

with a simplified micro fabrication technology will yield a very effective, efficient, simple and a useful waveguide 

device 
[6]

. The Optical Mach Zehnder Interferometer (OMZI) is an optical version of the classical Mach Zehnder 

Interferometer. They provide a basic structure in integrated optics with a chemo-optical interface layer.The proposed 

rib waveguide structure provides easy integration with optical fiber system. It has potential to realize remote 

measurement and also in the area of Internet of Things (IoT). It has great advantages of miniaturization and easy 

integration as compared to conventional measurement technique. The structure of paper is as follows: The rib 

waveguide structure is explained in the section 2. The modes are analyzed and optimization of rib waveguide for OMZI 

is highlighted in section 3. In section 4, sensitivity of complete OMZI structure is analyzed with its application in 

measurement of refractive index of the sample. Conclusions are drawn in section 5.  

2. STRUCTURE OF RIB WAVEGUIDE 
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A homo waveguide structure and hetero waveguide structure are basic elements of integrated optics systems. In this 

work, a rib waveguide is used for OMZI analysis which is a multilayer geometry 
[7]

.  

It is characterized by a substrate, a slab, rib, and a cover. The substrate surface begins at y=0, and is a single index that 

extends semi-infinitely in the y direction. The slab extends from y=0 to y=Slab Height, and is treated as infinite in x 

and z. Each ridge is represented by a waveguide segment, and obeys the Component (y=0 to y=slab height) and 

Component width parameters. Figure 1 shows the rib waveguide structure under consideration for the proposed 

structure. Single mode propagation of light is main design requirement for the rib wave guide 
[8]

.  

 

3. NUMERICAL ANALYSIS 

 

The main requirement is to ensure a mono-mode propagation of light through the rib waveguide. This depends on 

specific dimensions (height and width) of waveguide under consideration 
[9]

. 

Figure 2 shows the refractive index profile for proposed rib waveguide structure. 

 

 

 

 

 

 

 

The analysis of wave equation given in equation 1 explains the information about light travelling through the 

waveguide. (Core mode and cladding mode) 
[10]

. A conventional optical fiber supports light modes as it is a weakly 

coupled waveguide. The input light modes along the rib waveguide are Linearly Polarized (LP) modes 
[11]

. Using scalar 

wave equations, we can calculate propagation constants for LP modes. 

 

Figure 3 (a) & (b) shows mode calculation with change in rib width. The electric field propagation in the z-axis into 

OMZI satisfies scalar wave equation. It is given by equation 1 
[12]

. 
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where, 

𝜑= Electric field,  

k =Free space wave number,  

n=Refractive index and 

 𝛽 is the propagation constant 
[13,14] 

.  

 

3a. Proposed OMZI Structure 

The proposed sensor platform using OMZI configuration essentially has Y- splitter and Y- coupler branch. Both of 

these Y branches of interferometer structures are designed by considering low losses as well as no cross coupling 

between measurement arm and reference arm. Figure 4 shows proposed OMZI structure. The external physical 

parameter at measuring arm is responsible for change in phase shift of light at measuring arm. This variation is 

recorded at out monitor 
[2]

.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The rib width, rib height and Y- branch length are variable parameter. The detection sensitivity of overall structure to 

change in refractive index is dependent on the waveguide dimension. Sensitivity is defined as the ratio of change of 

effective refractive index of guided mode to the rate of refractive index of cover media.  The output and input power of 

the OMZI is given as follow, 

𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

1

2
[1 + cos ∅]            ... eq. (2) 

 

∅ = 𝑘0    𝐿(𝑛𝑒𝑓𝑓 ,𝑠𝑒𝑛𝑠𝑜𝑟 − 𝑛𝑒𝑓𝑓 ,𝑟𝑒𝑓 )   ... eq. (3) 

 

𝑘0 = 2𝜋/λ , a wave number (free space),  

L is sensing length 

(𝑛𝑒𝑓𝑓 ,𝑠𝑒𝑛𝑠𝑜𝑟 − 𝑛𝑒𝑓𝑓 ,𝑟𝑒𝑓 ), index difference between measurement and reference path 

Surface sensitivity S is given as follow, 

 

𝑆 =
𝜕𝑛𝑒𝑓𝑓 ,𝑠𝑒𝑛𝑠𝑜𝑟  

𝜕
                                 ...eq. (4) 

Change of phase shift and sensitivity is related as , 

 

 ∅ = 𝑘0  𝐿 𝑆                  ...eq (5) 
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4. RESULTS AND DISCUSSION 

 

 The OMZI is designed to know the behavior of the device and determine its physical parameters for analysis.  An 

OMZI with a core less than 10 microns (height and width) are designed using the RSOFT CAD tool and is tested in 

simulation software called Beam PROP. Figure 5 highlight the effect of rib width on mode propagation for the 

proposed structure, to maintain mono mode propagation, width of rib is important. Figure 6 shows numerical analysis 

of power transfer in Y- branch as a function of the length variation at wavelength 1310 nm and 633 nm.  The designed 

OMZI being a waveguide, for which, the integration area depends upon the type of waveguide structure; the program 

will integrate over a rectangle with width and height determined by the waveguide parameters.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

The waveguide output monitors selection depends on the structure designed for OMZI. The waveguide analysis done at 

various wavelengths proved that rib waveguide has good wave-guiding properties at all three wavelengths. Here the 

interacting area is more as compared to other waveguide structure (like channel waveguide).  The complete designed 

OMZI using rib waveguide is shown in figure 7 is used for the detection of Refractive Index (RI) of sample.  The 

results shown in figure 8 confirmed changes in the refractive index with respect tothe changes in wavelength for the rib 

waveguide under consideration. For optimization of rib waveguide for low propagation losses, different rib width (w) 

and height (h) are tested and analysed to find its effects on light intensity into the waveguide. Figure 9 shows effects of 

variation in rib waveguide width and height on intensity of evanescence field.  
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As shown in figure 4 and 7, the measurement arm is the interacting area where the refractive index change takes place 

with respect to change in physical parameter at measurement arm. The upper layer of this waveguide structure is 

analogous to the optical cladding layer made up of polymer having lower refractive index than that of the waveguide 

core.  This layer absorbs chemical from the surrounding area. The refractive index of polymer changes as the 

concentration of the absorbed sample chemical changes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This causes a phase shift in the measurement arm with respect to the reference arm. The waveguide structure is 

designed to operate with relatively stronger evanescent wave coupling between the outer polymer layer and the light 

propagating along the waveguide core. With this interaction, chemically induced changes in the refractive index of the 

polymer causes considerable changes in the phase shift. The changes in the phase shift equally produces changes in the 

monitor output of the waveguide sensor platform. The interferometer based on optical waveguide mainly works on 

evanescent field penetration and phase shift measurement. Near surface region of a sensor area with the evanescent 

field, any change of the refractive index of the sample volume induces a phase shift of the guided mode compared to a 

reference field typically of a mode propagating through the reference arm of the same waveguide structure. This is 

shown in figure 10. 

 

CONCLUSION 

 

The polymer waveguide sensor platform and its sensing property is analysed. The performance of the rib waveguide 

structure is limited by the level of light scattering out of the plane due to the side wall layer roughness, light penetration 

depth and evanescence field informality. In order to meet the requirement of practical sensing and interrogation 

application, the rib waveguide parameters can be controlled easily.  According to the analysis, the sensitivity depends 

on the rib thickness and rib width. From the results obtained, it is observed that waveguides with rib width below 4 μm 

and height 5 μm shows mono mode behavior. So, we can conclude that OMZI can be used for sensing applications.  

Rib waveguides are analysed for the wavelength variation from λ=630 up to 1310 nm. This structure can be tuned for 

specific application. The OMZI analysis is used for measurement of refractive index of sample. The current advances in 

technology will help   further in reduction of the losses in the rib waveguides. This will enable the OMZI based 

structure for various bio-sensing applications.  
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