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 The S-Bend structures are heavily exploited to join optical components. 

Reducing the power loss caused by the curve is the main objective in  

the design step of these components. However integrated optical circuits 

require S-Bend waveguide to be low loss and compact sized. In this paper, we 

present a contribution to link the curved structure to the straight waveguide by 

using the simulated bend function available in the Beam propagation tool of 

the Rsoft commercial software package. Simulation results confirm that this 

approach allows a reduction of the size of the curved structure with offset with 

relatively minimum of losses for photonic field. 
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1. INTRODUCTION 

The rapid development of optical fiber technology in telecommunications has required a growing need 

for active and passive integrated optical components. Waveguides represent the base of most of the integrated 

circuits to improve their performance while reducing the components dimensions, but the curvature of 

the waveguides leads to a power loss and a constraint on a transmission ability. The S-Bend structures are 

widely used to combine different elements of a circuit in order to build a variety of optical component like 

splitter [1], lasers [2, 3], couplers [4, 5], switches [6, 7] and modulators [8-10]. Many solutions have been 

suggested to decrease the losses, but to lessen bending loss, the bending radius has to be increased. This will 

make the total size of the photonic integrated circuits larger, thing that is not suitable to the integrated optic. 

The first proposition of lateral waveguide shift for loss reduction has been presented by Marcuse and 

Kitof [11, 12], though only the transition bending loss was considered. Another alternative study on a rib 

waveguide is presented in [13-15]. In [16-19] it was theoretically proposed an optimization method using 

a spline bend, which reduces the bending loss but requires a large footprint. Recently, the application of 

the bend composed of cloithoid curve has been demonstrated [20, 21]. It is noted that in the above works, 

different approaches, methods and materials are used depending on the desired application. 

In this paper, the effect of the different offset in the curved structure is investigated and a performance 

evaluation of the S-Bend is carried on with the Beamprob simulator integrated in the Rsoft software. The paper 

points up radiation and transition losses as the main sources of the propagation losses. The first are related to 

light going out of the waveguides during the propagation at the S-bend path, while the second is associated to 

the loss produced when the S-Bend are attached to the straight output waveguide.  

Using Simulated Technique Bend, which is the appropriate method for the modeling of a single 

structure or a series of curves, we established the presence of the existence of two types of losses: pure bending 
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losses (radiation) and transition losses [22]. Thereafter, an approach leading to transition losses reduction is 

proposed. It consists on the introduction of a shift which allows centering the second guide on the maximum 

of the mode guide of the first. The paper is structured into two sections: In section 2, the simulated bend 

technique and 

 

 

2. ANALYSIS METHOD  
In this paper, the simulated Bend and the offset method are proposed to study the S-Bend Structure. 
 

2.1. Bend technique 

The necessary computation time of a curved waveguide direct simulation is very high. This is due to 

the fact that the simulation necessitates a finer grid and size domain. But, a different and appropriate way for 

the simulation of a curved structure is available in the BeamProb simulator.  The computational core of this 

program is based on a Beam Propagation Method (BPM), which is the most widely used technique for modeling 

fiber optic and integrated optics devices [23]. The principle of this method is based on the decomposition of 

the propagation of an electromagnetic wave in a homogeneous medium over a distance δz. This technique uses 

finite difference methods to solve the wave equation. In addition, the program necessarily uses boundary 

conditions [24]. 

The problem of the physical propagation of the wave requires two key elements: 

-  The distribution of the refractive index, 𝑛(𝑥, 𝑦, 𝑧). 

- The electric and magnetic field at the entry, 𝑢(𝑥, 𝑦, 𝑧). 

The algorithm requires additional input parameters such as: 

- A finite domain of computation: (𝑥𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥), (𝑦𝑚𝑖𝑛, 𝑦𝑚𝑎𝑥) 

- The size of the transverse grid, 𝛥𝑥 𝑒𝑡 𝛥𝑦. 

- The size in the longitudinal direction, Δz. 

Using the simulated bend technique, the calculated mode in the curved area is easily obtained. The bending 

method consists of transforming the simulated geometry of a curved waveguide into a straight waveguide by modifying 

the refractive index obtained by using a multiplication by a coefficient (1 + x / R). It has been proved that this approach 

is very precise for a waveguide width well below the curvature radius (W << R).  

 

2.2. The offset technique 

Generally, modes curved wave guide are displaced outside of the turn, so a mode can be shifted 

laterally in a guide with respect to each other in order to improve the alignment of the curved waveguide modes. 

At the junction between each segment of the S-Bend structure, the integral overlap between the input mode 

and the output mode will be calculated and optimized. A monitor is implemented to calculate the overlap of 

the propagation in the field structure and its mode as well. 
First, the modes of each segment of the curved structure will be calculated using bend technique. 

Then, an optimization of each shift at the junctions of the waveguides will be implemented so that it returns 
the value of the overlap between the modes. To find the optimized matching mode offset at each segment 
junction, the integral overlap between the input and output modes will be calculated and then maximized. 
 By definition, the field at the beginning of the structure will be the launch field. Therefore, the monitor will 
return the required value at this point and the BPM simulation should be set so that it does not actually 
propagate at all, but only calculates the first data point. By setting the launch position along X, the launch field 
can be offset in relation to the structure, and the optimal value can be found by scanning over the launch offset.  
 

 

3. DESIGN AND SIMULATION RESULTS 

3.1.  The curved structure 

Figure 1 shows the S-Bend structure modeled under the RSOFT software. It consists of a straight 
input waveguide of length Lin (in Red color), two arc waveguides with opposite curvature (yellow and blue 
colors), and straight output waveguide of length Lout (in Red color) respectively. The waveguides are made of 
Silica and they considered stepping index. The total length of the structure is given as [22]: 𝑠(𝑧) = 2𝑅ɤ +
Lin + Lout 

At first, the wavelength corresponding to the structure function is chosen to be 1.55µm and its 
dimensions are: Difference index (∆n=0.015), Radius (R=1500µm), Length of input and output straight 
waveguide (Lin=Lout=300µm), angle of curvature (ɤ=17°) and width of the waveguide (W=5µm). The Beam 
Prob monitor displays the transmitted power in the total length of the structure. Figure 2 presents the simulation 
results obtained by the monitor of the Beamprop simulator, which allows to post the intensity of the electric 
field (a) and the losses in power in the different segments waveguides forming the curved structure (b), and 
this for (Radius=1500µm). 
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Figure 1. The S-Bend structure under software package 
 

 

 
 

(a) 

 
 

(b) 

 
Figure 2. Losses of power in the total length of S-Bend without offset, (a) monitor intensity, 

(b) power loss in the total length of the structure 
 
 

- The power transmission is estimated to 70% resulting in a loss of 30% for a radius of 1500μm 

From Figure 2, it can be observed that the transition losses between the two arcs of Radius curvature 

are more important than the other junction losses. To show the influence of these losses on the transmission of 

the power in the structure in S-Bend, we present the simulation obtained by considering a shift between 

the various segments of junctions. 

 

3.2. The curved structure with offset 

Actually, the presented structure has the same characteristics as the S-Bend one without offset, with 

the particularity of not aligned guides as demonstrated in Figure 3. The offsets noted (offset1, offset2 and offset3) 

represent the shift between the input guide-first curved guide, curved guide-curved guide- output guide and 

curved guide respectively, measured perpendicularly to the propagation direction z as shown in Figure 4. 

The influence of the offset on the losses generated in a curvature structure has been examined to establish 

the best offset which enables the propagation of the optical power without deterioration. Since there are three 

segment junctions, the calculation will have to be performed three times. Using the offset method, 

we considered first only the offset between the two arcs (First curved guide-second curved guide) noted  
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(offset2=-0.9μm) and (offset1=offset 3=0). In Figure 5, the transmission and losses of the shifted structure 

are shown. It can be seen that the transition losses between the two arcs are widely reduced by the value of 

the optimal offset. 
 
 

  
 

Figure 3. Sketch of the curved structure with shift 

under software package 

 

Figure 4. Position of the different offsets 

 

 

 
 

(a) 

 
 

(b) 

 

Figure 5. Normalized transmission of the shifted curved structure (offset2=-0.9 µm), (a) monitor intensity, 

(b) power loss in the total length of the structure 

 

 

- The power transmission is 91% resulting in a loss of 9% for a radii R=1500μm. 
In Figure 6, the normalized transmission (contour Map) and the power loss in the S-Bend structure 

for the offsets optimized offset1, offset2 and offset3 are displayed. 

- The power transmission is 98.68% resulting in a significantly decreased loss of 1.32% for R = 1500μm.   

Table 1 summarizes the different optimized parameters. For the shifted structure, the maximum power 

can be achieved for the optimal values of offset at the different junction, in contrast to the structure without 

offset. In consequence, the dimension of the curved structure is decreased to 1380µm which is compatible with 

integrated optics trends [25]. 
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(a) 

 
 

(b) 

 

Figure 6. Normalized transmission of the shifted curved structure, (a) Monitor intensity, 

(b) losses of power in the total length of the structure 

 

 

Table 1. List of significant parameters of the shifted curved structure 
Parameters  Values (µm) 

Radius (R) 1500 

Length of the waveguide (Lin=Lout) 300 

Offset 1 0.5 

Offset 2 -0.9 

Offset 3 0.5 

Total length (S) 1380 

 

 

4. CONCLUSION 

In this paper, a technique available in the Rsoft software package called ʺSimulated Bend ʺ has been 

shown and the results exposed. It has been put into evidence that there are two main loss sources. The first is 

due to the curvature radius, while the second occurs when the curved guide and the right guide modes have 

a spatial distribution and a dissimilar effective index when switching from one to another in the curved 

structure. Aiming at reducing the losses and improving the structure efficiency, the offset method has been 

introduced. By compensating the difference between the guide modes leading to an optimization of the curved 

structure dimensions. An evaluation of the curved structure with offset and without offset has been presented. 

It has been concluded that putting offset at the junction reduces the losses for the same level of the size. 

In perspective, it is intended to complete this work with experimental data and to investigate this structure 

based on photonic crystals to reduce its geometrical parameters as well as the various losses. 
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