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Abstract— In this paper, the effect of fabrication errors (FEs) on the performance of 1×4 optical power splitter is investigated in 
details. The FE, which is assumed to take regular shape, is considered in each section of the device. Simulation result show that FE 
has a significant effect on the output power especially when it occurs in coupling regions. 
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I. INTRODUCTION 

Optical power splitter is widely used as power divider or 
combiner in modulator, switches, interferometer devices and 
semiconductor lasers [1-3]. Its main function is to split the 
incoming light into multi paths where each path may carry 
same or different ratio of power. These devices can be 
considered as the best and simple approach to split light in a 
planar lightwave circuit [10]. 

In addition, optical splitter devices are important 
components for photonic and optoelectronic integrated 
circuits due to their simple structure, low loss, and large 
optical bandwidth. They play a central role in passive 
optical distribution networks [1, 2]. Optical power splitter 
should meet practical requirements such as type of material, 
dimensions and the accuracy of fabrication process. In 
addition, they have attracted considerable interests due to 
advantageous characteristics such as compactness, relaxed 
large bandwidth and fabrication tolerance [4-9].  

Fabrication processes, such as spin coating is still 
attracted due low cost. However, the accuracy of this 
method in term of dimensions of the produced device is not 
high. This would lead to re-fabricate the same sample many 
times until the  achievement of exact design. In this paper, 
the effect of less accuracy in fabrication process, which is 
represented as fabrication error, on the output power for 1×4 
optical splitter is investigated details. In other words, the 

fabrication error is considered so that the width of 
waveguide is deviated in specified sections. This deviation 
is assumed to take a periodic shape, instead of random one 
(which occurs in reality) for the sake the simplicity [10]. 

II. DESIGN 

The Schematic view of the designed 1×4 optical power 
Splitter is shown in Fig. 1 with labeled sections.   The basic 
unit of device, 1×2 Y- branch section, consists of linear 
waveguide, and a pair of S-bend sine branching wave guide 
[8]. The dimensions of the layout wafer are 1200 μm (length) 
× 65 μm (width). The refractive indices, of the core and 
cladding, which are used in simulation, are 1.5 and 1.35 
respectively at wavelength of 1.55 μm. The dimensions of 
whole structure are 1200 μm (total length) × 6 μm (width of 
waveguide). Due to consideration of error in fabrication in 
this paper, the width of waveguide is assumed to be changed 
periodically in a specified section as shown in Fig. 2. This 
figure shows the schematic view of error samples with the 
corresponding dimensions. The error section shown in Fig. 
2 is considered at different positions of structure. The 
dimensions and the shape of each sample error are chosen 
according to the nearest shape of real FE which takes 
random shape.  The representation of FE in a shape, such 
that the width of waveguide in a certain section is changed 
periodically as shown in fig. 2, enables the designer to 
investigate the effect of error on the output power of optical 
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splitter. In addition, consideration of FEs at different 
sections will give us technical information about whether its 
effect will degrade the performance of splitter or not. Thus, 
if the effect of FE, in a specified section, on the output 
power is small, the corresponding section can be cut or 
removed without significant degradation in output power. 
This will give flexibility in fabrication and the 
corresponding cost. However, when the FE occurs in 
branching region, i.e. S-bend sections, the output will be 
degraded significantly as will be shown later in simulation 
results, therefore, the treatment may requires the re-
fabrication of the whole device. 

III. RESULTS AND DISCUSSION 

The simulation results are performed using beam 
propagation method (BPM) software tool [11]. Firstly, 
figure 3 shows the output power for each port of 1×4 optical 
splitter assuming errorless in fabrication process. As shown 
in this figure, the output power is divided equally for each 
two port, namely the inner and the outer branches. The 
percentage of normalized total output power is 97.924% as 
shown in Fig. 13. The values of core and cladding refractive 
indices and the width of waveguide have been optimized to 
achieve this value of output power. 
Figures 4 through 12 show the layout and the corresponding 
output power (for each port) when considering the FE in 
section A through I respectively. As shown in Fig. 4, where 
the FE is considered in section A, the total output power is 
reduced to 83.251% as shown in Fig. 13.  In addition, it can 
be observed in Fig. 4 that the output power is higher in port 
2 compared with others due to changes in optical field 
propagation.    

When considering of the FE in section B as shown in Fig. 
5 (see also Fig. 13 for total output power), the output power 
is reduced in ports 1, 2 and 4 while it increases in port 3 due 
to the existence the error in the coupling region. This also 
occurs when considering the FE in section C as shown in 
Fig. 6. It can be noted that the power decreases significantly 
in Ports 3 and 4. Thus, this indicates that the performance of 
the device will be degraded when the FE occurs in S-bend 
sections around the branching point. When the FE is 
considered in sections D and E as shown in Figs. 7 and 8, 
the output power in corresponding ports will decrease 
relatively. The corresponding total output power decreases 
compared with the case of no FE as shown in Fig. 13. 

Moreover, When the FE is considered in the output S-
bend waveguides, namely sections E through I as shown in 
Figs. 9 through 12 respectively, the output power will be 
affected directly in the corresponding port. It can be 
deduced with help of Fig. 13 that: 
(i). The FE is more affected when it occurs in branching 

waveguide, i.e. S-bend sections. Technically, the 
treatment for this kind of error is difficult to be treated.  

(ii). The FE is affected when it occurs in the main linear 
waveguide, i.e. section A but it can be treated by 
removing/cutting the degraded part without affecting 
significantly the performance of device. This may 
improve the total output power due to the reduction in 
length where the attenuation loss will be decreased 
accordingly.  

(iii). This also can be done when the FE is occurred in 
output branches. However, the integration/coupling 
with the commercially available V-groove fiber array 
ribbon should be taken into account. 

 

 
 

Fig. 1 Schematic view of 1×4 optical power Splitter 

 
Fig. 2 Schematic representation of error section 

 

 
 

Fig. 3 The output power in each output port for the optical device 
assuming errorless in fabrication process    
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Fig. 4 (a) Schematic device layout considering the fabrication error  
in section A, (b) The corresponding output power in each port 

 

 
 

Fig. 5 Is the same as figure 4 but the fabrication error is  
considered in section B 

 

 
 

Fig. 6 Is the same as figure 4 but the fabrication error is considered 
 in section C 

 
 

Fig. 7 Is the same as figure 4 but the fabrication error is considered  
in section D. 

 

 
 

Figure 9: is the same as figure 4 but the fabrication error is 
considered in section F. 

 

 
Fig. 10 Is the same as figure 4 but the fabrication error is 

considered in section G 
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Fig. 11 Is the same as figure 4 but the fabrication error is 
considered in section H 

 

 
 

Fig. 12 Is the same as figure 4 but the fabrication error is 
considered in section I 

 

 
 

Fig. 13 Total output power of 1×4 optical power splitter  
considering fabrication errors in each section. 

IV. CONCLUSIONS 

The effect of FE on the performance 1×4 optical power 
splitter is investigated in details. The FE has bee considered 
in each section of the device. Simulation results performed 
by BPM software have shown the FE is most affected when 
it occurs in the main linear section (where the whole total 
output power is reduced) and the branching sections (where 
the output power in the corresponding port will be affected 
directly) [11]. The benefit of this study is that the designer 
can predict the impact of FE previously when considering a 
specified design in fabrication. Moreover, even when 
employing low cost method such as spin coating ( where the 
dimensions of the device may deviate from the optimized 
design due to less accuracy), the produced device may still 
acceptable due to less effect on the output power or due to 
easy treatment to the degraded section (error section). 
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