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Abstract. Beam propagation method is used to simulate numerically a proposed 1x3 optical power divider. 
Simulation results show that the proposed structure can divide the optical power with a division ratio equal to one 
and with branching angles as large as 8o and output power efficiencies larger than 80%. The proposed structure is 
easy to fabricate and it employs a prism at the branching region and two stages of branching to reduce the 
radiation loss and get the uniform division property.  
 
 

Introduction 
 
Optical dividers are key components in integrated 
optical circuits. They are widely used as power 
dividers and combiners in optical modulators and 
switches, which are key components in modern 
optical communication networks. Some researchers 
have focused on dividers with two output branches 
(Y-branch) (Yabu et al., 2001; Hsu et al., 2003; 
Wang et al., 2002; Lin et al., 2001). However, the 
conventional divider is constructed by distributing 
the optical power from one input waveguide into 
several outputs with certain branching angle. This 
structure suffers from two main problems. The first 
one is associated with the severe radiation loss, 
particularly with branching angles larger than 2o 

(Tsutsumi et al., 1988). This restricts the branching 
angle to small values. However, keeping branching 
angles small makes these devices large and difficult 
to fabricate with reasonable cost. The second 
problem is the unequal division of optical power 
between the output branches. For more than two 
branches, more input power is transmitted to the 
central waveguide(s) than to the sideward ones. 
Many efforts have been devoted to reduce the 
radiation losses due to the branching angle, or to 

come up with designs that split the power equally 
between the output branches (Yabu et al., 1999; 
Banba et al., 1992). A new design for the 1x3 
divider was proposed (Wang et al., 2000; Wang et 
al., 2003) and it addresses the two problems 
together. However, although it offers an equal 
division of optical power between the three output 
branches at angles up to 6o, the transmission power 
efficiency degrades for angles larger than 3.6o. 
Recently, some researchers have published new 
designs to build equal power divider without a need 
to an extra fabrication process (Yong et al., 2005). 
However, their design suffers from a limitation due 
to the small branching angles that it can achieve. 
     In this paper, a new single-mode optical power 
divider with a micro-prism, two power expanders and 
two stages of branching is proposed. Careful design 
has achieved an equal distribution of the input power 
at a wider angle and with higher efficiency. Device 
performance is evaluated numerically using beam 
propagation method (BPM), and the simulation 
results are presented. Simulation results show that the 
proposed design can achieve wider branching angles 
with higher transmission power efficiency compared 
to the structures in (Wang et al., 2000; Wang et al., 
2003).  
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Proposed Structure 

 
     Figure 1 shows the proposed 1x3 optical divider. 
The guiding layer index is 1.502, the substrate index 
is 1.496, and the prism index can be varied between 
the two indices values. The length of the divider is 
assumed to be 1.4 mm, and light wavelength is 1.5 
µm. The prism is placed at the branching region, and 
it has a lower refractive index compared to the 
guiding layer, therefore the phase-front in its center 
travels at a higher speed compared to the two 
sideward phase-fronts. As a result, phase-front in the 
center region is accelerated more than phase-fronts in 
the sideward regions. This causes the prism to steer 
the propagated optical field towards the outer 
branches. Adding expanders at the sideward branches 
with refractive index equal to the guiding index helps 
in increasing the power in these branches (Wang et 
al., 2000). By careful design, it is possible to 
optimize the structure geometry and parameters to 
have the propagated field divided equally between the 
three branches. 

In order to increase the branching angle with less 
effect on the divider efficiency, we propose using two 
stages of branching. The first is at the branching 

point, and the second is some where far from that 
point. The second angle will cause extra loss; 
however, the loss incurred by such increase in the 
total branching angle is believed to be less than the 
loss obtained if the increment is made at the original 
branching point. 

 
Simulation Results 

 
     To demonstrate the operation of the proposed 
divider numerically, the software package 
BPM_CAD (Optiwave Co.) has been used throughout 
this simulation. It is based on the finite-difference 
beam propagation method. BPM_CAD is used to 
calculate the optical field and the power in each 
branch. With the input power Pin, the transmission 
efficiency (η) of the divider is defined as follows: 
 
                         η = [(P1 + 2 P2)/ Pin]                        (1)     
 
where P1 and P2 are the power in the central and 
sideward branches, respectively.  
     In conventional dividers, η is normally less than 
one. In our proposed structure we optimized its 
geometrical and material parameters in order to 
obtain the highest efficiency at the largest angle with 
equally divided power. Figure 2 shows the refractive 
index profile of the proposed structure. This includes 
the three different regions: the guiding, the prism and 
the substrate refractive indices. The guiding and the 
substrate regions have fixed refractive indices of 
1.502 and 1.496, respectively. However, the prism 
region index is considered as a parameter, which we 
will optimize to get the best design. In choosing the 
prism index and the other geometrical parameters 
such as the prism length (Lprism), prism width (Wprism), 
expander width (Wexp), guide width (Wg), and the 
first stage length (Lg), we tried to reach the largest 
branching angle with almost equal division of power 
while keeping η larger than 80%. The values of the 
parameters were chosen close to those of the structure 
proposed by Wang (Wang et al., 2000) for the sake of 
comparison.  
      The proposed structure in Fig. 1 is simulated with 
the following parameters values: nprism = 1.50033, 
Lprism = 265 µm, Wprism = 19 µm, Wexp = 8 µm, Wg = 
9 µm, and Lg = 330 µm. With these values, it is 
demonstrated that one can reach a large branching 
angle (θ2) up to 6o with a division ratio of one and an 
efficiency of 87.9%. Figure 3 shows the optical field 
intensity obtained from the BPM simulation at the  

Fig. 1. Proposed 1x3 optical divider. 
 

Fig. 2. Refractive indices profile. 
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output in each branch and the effective index 
distribution. This result demonstrates the uniformity 
in the division and the confinement of the optical 
field in the guiding layer of each branch. Moreover, 
the result is a single mode with its peak centered in 
the middle of the guiding layer. This is an extra 
advantage of this structure, especially if its outputs 
are going to be coupled to optical fibers. 

The 2D distribution of the optical field intensity in 
the entire structure is shown in Fig. 4. The optical 
power distribution in the central guiding branch (P1) 
and the sideward guiding branch (P2) are calculated 
using the simulation results and plotted together in 
Fig. 5. It should be noticed that the power value is 
normalized to the input power (Pin), and the figure 
displays the power after the branching point (at 0.3 
mm distance from the divider starting point). Also, 
only the power in one of the sideward branches is 
shown because the other sideward branch has a 
similar distribution. This figure demonstrates the 
equal division property and gives the total output 
power in each branch normalized to the input power. 
Therefore, the efficiency can be easily calculated 
from the figure. Our result shows a significant 
improvement over the results obtained by Banba 
(Banba et al., 1992) and Wang (Wang et al., 2000), 
where they obtained efficiencies of 67% and 20%, 
respectively, at a branching angle of 6o. Having 
reached these results, we continued to investigate the 
possibility to enlarge the branching angle by keeping 
the inner branching angle (θ1) as it is and increasing 
the outer branching angle (θ2) only. All the 
geometrical parameters were kept similar to the 6o-
case and the prism index (nprism) is optimized to 
obtain η > 80%. 
      The simulation was repeated for the same 
proposed structure and Fig. 6 shows the normalized 
optical power distributions in the central and the 
sideward branches with nprism = 1.50016, and θ2

 = 8o. 
The results in Fig. 6 shows that at this larger 

angle, the proposed structure demonstrates a uniform 
power distribution between the three branches with 
η = 80.6%. To the best of our knowledge, this is the 
highest η reported for 1x3 divider with branching 
angle equal to 8o. 
 

Conclusion  
 
     In this paper, we proposed and simulated 
numerically a new power 1x3 divider which 
overcomes the two main problems associated with 

Fig. 3. Output optical field with θ2 = 6o.. 
 

Fig. 4. Optical field distribution in the entire structure with θ2 = 6o.
 

 

Central Branch 

Sideward Branch 

Fig. 5. Optical power of central and sideward branches with θ2 = 6o.
 

 

Central Branch 

Sideward Branch 

Fig. 6. Optical power of the central and sideward branches 
with θ2 = 8o. 
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these structures, specifically the small branching 
angles imposed by the requirement of low-loss 
dividers and the need for a uniform distribution of 
optical power between output branches. Our 
simulation results show that the proposed structure 
divides the optical power uniformly at large angles 
(6o and 8o) with power efficiency larger than 80%. 
These results show a significant improvement 
compared with recently proposed structures. 
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  تصميم موزع ضوئي يحقق طاقة متساوية وفـقـد قليل وزاوية توزيع عريضة  
 
  **ونبيل أبو الخير* بندر بن عبد االله المشاري
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 
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 
،،KאF١x٣E،،،:ةيالكلمات المفتاح 

 
F١x٣EKאאאאאאא.ملخص البحث

      א א   א א   א א  א
٨٠K٪אאאאאא

אאאאאאאK 
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