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The power splitters are widely used in optical communication systems which are employed to distribute the input power into 
the output ports equally without any radiation or reflection losses. The proposed two-dimensional photonic crystal based 
power splitters are designed on a square lattice of circular silicon rods. In this work, 1×2, 1×3, 1×4 and 1×6 power splitters 
are proposed and designed. Except 1×2 splitter, the other three structures have a common diamond shaped structure of 
rods at the junction of the splitting region. The PBG of the devices are analyzed by the Plane Wave Expansion (PWE) 
method and their performance characteristics such as wavelength and transmission efficiency are evaluated using the 
Finite Difference Time Domain (FDTD) method. All the four designs show good performance and are able to provide 
considerable results. 
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1. Introduction 

 
Photonic Crystals (PCs) are dielectric structures with 

periodic spatial alternations of the refractive index on the 

scale of wavelength of the light [1]. In general, PCs are 

composed of periodic dielectric, metallo-dielectric 

nanostructures which have alternative lower and higher 

dielectric constant materials in one, two and/or three 

dimensions to affect the propagation of electromagnetic 

waves inside the structure. As a result of this periodicity, 

the transmission of light is absolutely zero in certain 

frequency ranges which is called as Photonic Band Gap 

(PBG). By introducing defects in these periodic structures, 

the periodicity and thus the completeness of the PBG are 

entirely broken which allows to control and manipulate the 

light [2]. It ensures the localization of light in the PBG 

region which leads to the design of the PC based optical 

devices such as optical filters [3], multiplexers [4], de-

multiplexers [5], directional couplers [6], power 

dividers/splitters [7], logic gates [8], switches [9], sensors 

[10], etc.  

Typically, power splitters split the input power from 

one port to two or more output ports by a certain 

percentage with reduced losses. The key specifications of 

PC based power splitter design are to achieve low losses, 

good efficiency, wider bandwidth and compact size. At 

present time, the power splitters are being used in a wide 

range of communication applications. 

Considering the specifications of a waveguide, a 

power splitter was designed by varying the combinations 

of the structure and was able to achieved about 80% 

efficiency [11]. A 3dB power splitter with a 180o phase 

shift between the output signals was designed to split the 

incoming input signal [12]. The 1×4 power splitter made 

of 90o sharp bends and T-branches was implemented on a 

square lattice of cylindrical rods [13]. A Photonic Crystal 

Waveguide (PCW) based 120o Y-splitter was designed 

with and without the middle hole at an operating 

wavelength of 1310nm and the results showed that the 

efficiency was larger as much as 85% with the middle hole 

[14].  

A 1×2 power splitter was designed with a hexagonal 

structure and was observed a transmission efficiency of 

47.6% [15]. A MMI effect, a 1×2 splitter was proposed to 

operate at 1.55µm and achieved over 90% efficiency [16]. 

A rat-race circuit based 1×2 splitter/2×1 combiner was 

designed on a triangular lattice of dielectric rods in air 

[17]. A four-port 3dB splitter/combiner was proposed 

based on the coupled-mode theory [18]. The directional 

coupling based power splitter was designed and found to 

have a transmission of 96% with low-loss bends [19]. A 

hexagonal lattice PC based power splitter was analyzed 

based on the mode-splitting mechanism in the desired 

frequency range [20].  

An ultracompact 3dB power splitter was designed 

based on triple PCW directional coupler with high 

transmission and wide bandwidth [21]. Unistructure and 

heterostructure based Y-splitters were investigated where 

the heterostructure splitter showed higher efficiency as 

much as 94% and two 1×4 power splitters were designed 

based on an optimized T-branch and two optimized 90o 

bends which achieved equal splitting ratios at a wider 

bandwidth [22]. Photonic Crystal Ring Resonator (PCRR) 

based T-shaped power splitter was designed for a large 

bandwidth and showed high transmission efficiency of 

98% [23]. The 1×2 and 1×4 power splitters were designed 
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based on waveguide directional coupling and resulted in a 

total transmission of about 96% and 92%, respectively 

[24]. The two-dimensional PC power dividers based on 

ring resonators and directional coupling were proposed 

and achieved 99% transmission [25].  

A PC power splitter was designed by placing super 

defects at the junction of waveguides and was investigated 

to have 91% transmission with approximately equal power 

over both ports [26]. A bi-periodic Y-splitter was designed 

by choosing optimized values for period and radius of the 

rods and showed higher bandwidth and good transmission 

efficiency [27]. The hole-type PC structure based power 

splitter was designed on a triangular lattice where the 

defects were optimized by mode-splitting and position-

shifting and achieved a transmission of over 45% per each 

output with a wider bandwidth [28]. The theoretical 

analysis of waveguide splitters showed that perfect 

transmission and zero reflection were attained under rate-

matching, phase-matching and frequency-resonant 

conditions [29]. The power splitters based on PCW 

directional coupling were simulated with different power 

levels and achieved high transmission in a wider 

bandwidth [30].  

An ultra-compact 2×2 power splitter was designed 

based on the asymmetric interference in MMI-based 

PCWs [31]. In a triangular PCW lattice of air holes, a new 

type of 3dB optical power splitter was proposed by 

utilizing PBGs [32]. The Y-junction power splitter was 

optimized by coupled mode theory which was able to 

control the output energy in the terahertz frequency range 

[33]. A 1×2 power splitter was designed on a PC slab 

made of Silicon-On-Insulator (SOI) material that showed 

high performance with ultra-low loss [34]. The results of 

the proposed 1×3 power splitter operated at three different 

wavelengths showed that the power was distributed almost 

equally with a total transmission of about 99.74% [35]. An 

optical power splitter was designed with three waveguides 

and two ring resonators which achieved 100% 

transmission [36]. The tunable dual-wavelength terahertz 

wave power splitter was operated on the basis of MMI 

effect and self-imaging principle [37]. By cascading 

asymmetric and symmetric 1×2 power splitters, a 1×3 

splitter was designed with structural defects which 

achieved high output transmission and equal power 

distribution [38].   

The 1×3 optical power splitter was designed and 

achieved a transmission of above 99% with a bandwidth of 

about 43nm [39]. A 1×3 power splitter was designed with 

dual ring resonators based on diamond inner rod 

configuration that showed equal power splitting at 1876nm 

[40]. On a triangular lattice of air holes, a new type of 1×4 

splitter was implemented with one input PCW and two PC 

branches which obtained a total transmittance as high as 

99.4% at 1550nm [41]. The eight channel power splitter 

was proposed based on 1×2 PCW and PC resonator that 

provided an equivalent power of 93.6% in the terahertz 

range [42]. Based on the similarities of cavity and 

whispering-gallery-like modes, 1×2 and 1×4 T-junction 

power dividers were designed [43]. 

Though there are several attempts are made with a 

different structure and different mechanism, the output   

from    efficiency is tower and size is large. In this present 

work, PhC based power splitter has been designed and 

simulated for size namely 1x2, 1x3, 1x4, 1x6 structure and 

the effect of power splitter parameters also investigated. 

The remaining part of the paper, In section 2 represents the 

design of PhC based power splitter in different structural 

ranges of the proposed design. The field distribution of 

proposed power splitter and its significance are presented 

in section 3. In section 4 concludes the paper. 

 
 
2. Structural design 
 

Fig.1. shows the initial structure of the proposed 

design which is formed to design the V-shaped power 

splitter with 2D PCs square lattice with 21 ×21 rods. In the 

square lattice based design can modify the photonic band 

gap of the structure and achieve the required band gap as 

according to our requirements. In Silicon rods, the ‘n’ 

refractive index equals to 3.46 and rods have radii of 

r/a=0.1µm, where a=540nm.The band diagram in Fig. 2. 

gives the propagation modes of the structure without 

defect whose corresponding Brillouin zone is shown in 

Fig. 3  

 

 
 

Fig. 1. Schematic structure of 21×21  

photonic crystal structure 

 

The Brillouin zone is the smallest repeating space in 

the periodic structure and hence the band diagram of single 

zone is equal to the whole zone. The band diagram is 

analyzed using the Plane Wave Expansion (PWE) method. 

In Fig. 2 (a), the “Z”axis shows the normalized frequency 

ωa/2πc = a/λ where “ω” is the angular frequency, “a” is 

the lattice period, “c” is the speed of light in vacuum, and 

“λ” is the free space wavelength. The first PBG exists over 

the normalized frequency range of 0.2958a/λ to 0.4359a/λ 

for TE mode and the wavelength range is 1239nm to 

1826nm. 
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Fig. 2. Band diagram before introducing defect 

 

 
Fig. 3. Brillouin zone and K-Path for the structure 

 

Unique structures are proposed for 1×2, 1×3, 1×4 and 

1×6 power splitters. All the four designs are tuned in the 

same way so as to obtain considerable results. Except 1×2 

splitter, the other three structures have a common diamond 

shaped structure of rods at the junction area of the splitting 

region. The radii of rods at the splitting region are set as 

0.05µm while the radii of rods in the input and output lines 

of the splitter are about 0.075µm for all the four power 

splitter structures. The transmission efficiency is 

calculated for all the splitters using 2D FDTD method and 

the wavelengths at which maximum efficiency is attained 

are also observed for each structure. 

 
 
3. Power splitter 
 

3.1. 1 x 2 Power splitter 

 

The schematic structure of 1×2 splitter is depicted in 

Fig. 4. The splitter has a Y-junction bend and to obtain 

almost equal splitting at the two output ports, bi-

periodicity is introduced by inserting rods at the splitting 

region. Here, periodicity is incorporated by inserting a rod 

with same radius with half lattice constant. The 3D view of 

the splitter is illustrated in Fig. 5 from which the size of 

the structure is observed to be 11.4µm×11.4µm. 

 
 

Fig. 4. Schematic structure of 1×2 power splitter 

 

 
Fig. 5. 3D view of 1×2 splitter 

 

Ideally, input power is equally divided into the output 

ports without any significant reflection and radiation loss. 

The operating wavelength range of the proposed 1×2 

power splitter is 1510nm to 1535nm. The transmission 

efficiency of this power splitter is 100% as shown in      

Fig. 6.  

1 

 
 

Fig. 6. Normalized transmission spectrum  

of 1×2 power splitter 

 

In the conventional design, the Y splitter is designed 

and its functional parameters are accounted. However, the 

output power is reduced at resonance due to the leakage of 

the power in the waveguide which reduces the output 
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transmission. In order to minimize the leakage power at 

resonance, the biperiodicity in the waveguide is 

incorporated which reduces the power leakage and 

increases the output power. The biperiodicity is introduced 

by inserting a new rod between the existing rods with 

same or different rod radius. 

 

3.2. 1×3 Power splitter 

 

The structure of 1×3 power splitter is depicted in     

Fig. 7. The splitter has a Y-junction bend and to obtain 

almost equal splitting at the three output ports, 

biperiodicity is introduced by inserting rods at the splitting 

region. A diamond shaped structure of rods is created at 

the center of the splitting region. In 1×3 splitter, there are 

three size of rod radius is used in this structure i.e. r1, r2, 

r3.The value of r1, r2 and r3 are 0.05µm, 0.0.75µm 

and0.1µm, respectively. The radius of r1 r2 and r3 is 

optimized to get better efficiency. The three different 

radius rods is introduced in this design, which reduces the 

scattering loss and to improve the output efficiency in the 

operating wavelength.      

                       

 
 

Fig. 7. Schematic structure of 1×3 splitter 

 

The transmission spectrum for the 1×3 splitter is 

shown in Fig. 8. which implies that the maximum 

efficiency is 95%.  The operating wavelength range of the 

proposed 1×3 power splitter is 1465nm to 1495nm.  

 

 
 

Fig. 8. Transmission spectrum of 1×3 splitter 

 

 

 

3.3. 1×4 Power splitter 

 

The design of 1×4 splitter is depicted in Fig. 9. The 

number of rods in the ‘X’ and ‘Z’ directions are 35×27. 

The splitter has a V shaped Y-junction bend and to obtain 

almost equal splitting at the four output ports,                   

bi-periodicity is introduced by inserting rods at the 

splitting region. A diamond shaped structure of rods is 

created at the center of the splitting region which is lined 

up to the outer line of rods.  

 

 
 

Fig. 9. Schematic structure of 1×4 power splitter 

 

Basically the whole structure is divided into two 

stages. First stage consists of one Y junction and second 

stage consists of two Y-junctions. The two stages cascade 

each other. The configurations of holes size of 2nd and 3rd 

Y-junction are similar as 1st Y junction.  A continuous 

optical pulse is injected into the first Y-junction and then 

after propagation of the certain distance these pulses are 

divided into two channels and coupled into the next stage 

i.e. 2nd and 3rd Y junction. In the second stage the signal is 

divided into four channels and achieved the four different 

power level outputs from the wavelength ranges 1440nm 

to 1480nm. The output spectrum for the 1×4 splitter is 

shown Fig. 10 which implies that the maximum efficiency 

is 97.5% at 1490nm. The operating wavelength range of 

the proposed 1×4 power splitter is 1440nm to 1480nm. 

 

 
 

Fig. 10. Normalized spectrum of 1×4 splitter 

 

3.4. 1×6 Power splitter 

 

The structural design of 1×6 splitter is shown in          

Fig. 11. The total number of rods in the ‘X’ and ‘Z’ 

directions are 35 and 35, respectively. The splitter has a Y-
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junction bend and to obtain almost equal splitting at the six 

output ports, bi-periodicity is introduced by inserting rods 

at the splitting region. 

 

 
 

Fig. 11. Structural design of 1×6 power splitter 

 

 
 

Fig. 12. Transmission spectrum for 1×6 splitter 

 

The normalized transmission spectrum for the 1×6 

power splitter is shown in Fig. 12. which implies that the 

maximum efficiency is 95%. The operating wavelength 

range of the proposed 1×3 power splitter is 1480nm to 

1505nm. 

 
 
4. Field distributions of power splitter  
 

The Gaussian input signal is launched into the input 

ports. The normalized transmission spectra are obtained at 

the output ports by conducting Fast Fourier Transform 

(FFT) of the fields which are calculated by the 2D FDTD 

method. The input and output power monitors are 

positioned at the input and output ports as shown in Fig. 

13. The electric field distribution of proposed 1×2, 1×3, 

1×4 and 1×6 power splitters are shown in Fig. 13, Fig.14, 

Fig. 15 and Fig.16, respectively. It is also noticed that the 

transmission efficiency of the proposed power its reduced 

while increasing the number of splitting region. The power 

reduction is due to scattering when the numbers of ports 

are increased. 

 
 

Fig. 13. Field distributions for 1×2 power splitters 

 

 
 

Fig. 14. Field distributions for 1×3 power splitters 

 

 
 

Fig. 15. Field distributions for 1×4 power splitters 

 

 
 

Fig. 16. Field distributions for 1×6 power splitters 
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Table.1. Comparison    of     operating      wavelength,  

transmission  efficiency   and  it’s  size of the proposed  

1×2, 1×3, 1×4 and  1×6 power splitters 

 

Design Size 

Operating 

Wavelength 

(nm) 

range 

Transmission 

Efficiency 

(%) 

1×2 
11.4µm× 

11.4 µm 
1510 to 1535 100 

1×3 
11.4 µm× 

11.4 µm 
1465 to 1495 95 

1×4 
19 µm× 

14.6 µm 
1440 to 1480 97.5 

1×6 
19 µm× 

19 µm 
1480 to 1505 95 

 

 

The input signal is coupled perfectly into the output 

port during its operating wavelength range. Alternatively, 

the power either reflected back to the source or partially 

coupled at other wavelength ranges. 

The comparison of the simulation results of the 

proposed four splitters are listed in the Table 1. From the 

table, it is noticed that maximum transmission efficiency 

of the power splitter is about nearly 100% at the operating 

wavelength and the size is also very miniature. Hence the 

proposed device could be implemented for integrated 

optics.  

The functional parameters of the proposed power 

splitter are compared with the reported one which are 

listed in Table 2. From the table it is observed that the 

power splitters are primarily designed using square and 

hexagonal lattice with 1*2, 1*3, 1*4 ports. Almost all the 

power splitters are designed to operate at 1550nm using Y 

junction and T junction.  If the transmission efficiency of 

the splitter is high, either the size is larger or bandwidth is 

smaller. If the bandwidth wider, the transmission 

efficiency is lower. In this attempt,  the proposed power 

splitter provides high transmission efficiency, wider 

bandwidth with lower size. 

The fabrication step of proposed and designed PC 

based power splitter is discussed here. The PC based 

power splitter square lattice is realized through SOI wafer. 

The SOI wafer is fabricated with stack material of Si-Sio2-

Si whose respective thickness are 200 nm-1000 nm-450 

nm, respectively.  

 

 

 

 

Table 2. Functional parameters comparision of proposed power splitter with existing power splitter 
 

Authors/Year Lattice 

Structure 

Structure 

Type 

No of 

Ports 

Size Operating 

wavelength range 

Transmission 

Efficiency 

Tianbou Yu et al. 2011 [44] Square Y Splitter 1*3 10*12µm2 1500nm – 1590nm 80.6%-99.5% 

Md. Mahfuzur Rahuman et al. 

2012 [45] 

Square Y Splitter 1*2 21*15µm2 1300nm – 1550nm -- 

Rajib Ahmed et al. 2013 [46] Hexagonal T Splitter 1*4 10*8µm2 1500nm 92.8% 

Hong Wang et al. 2015 [41] Hexagonal Y Splitter 1*4 12*12 µm2 1493nm -1574nm  99.4% 

Sowmiya et al. 2017 [47] Square Y Splitter 1*2 -- 1550 nm 55.4% 

Hadi Razmi et al. 2017 

[48] 

Hexagonal Y Splitter 1*2 -- 1560nm 90% 

Mohammad Danaie et al. 2018 

[49] 

Hexagonal Y Splitter 1*2 -- 1550nm 98% 

Jindal et al. 2018 [50] Hexagonal Y Splitter 1*2 21*15µm2 1900nm 60% 

Bani Gandhi et al. 2018 

[51] 

Hexagonal T Splitter 1*4 21*15µm2 1500nm 80% 

In this work Square Y Splitter 1*2 
11.4*11.4 µm2 1510 nm-1535nm 

100% 

1×3 11.4*11.4 µm2 1465 nm- 1495nm 95 

1×4 19 *14.6 µm2 1440 nm  -1480 nm 97.5 

1×6 19*19 µm2 1480 nm – 1505 nm 95 
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Once SOI is formed, then 100 nm thick of 

polymethylmethacrylate (PMMA) resist material is spin 

coated over SOI wafer at 7000 rpm for 15 minutes. The 

PMMA is utilized for making a mask pattern in the SOI 

substrate. This mask pattern is designed using CleWin 4.1-

layout editor. Before going to the lithography process, the 

PMMA resist is moving through a soft bake with the 

temperature of 110oC for 10 minutes. Once the process is 

completed, then the wafer is ready for lithography. During 

fabrication several techniques used for lithography like   

optical lithography, Electon Beam lithography and 

Focused Ion beam lithography is reported already. In the 

proposed design, E-Beam Lithography is needed for the 

proposed design due to accurate vertical etching for few 

tens of nanometers. The other techniques do not have 

capability to control the feature size in sub nm size 

Particularly, Raith E line direct electron beam lithography 

is needed as it provides ultra-high resolution, maximum 

acceleration voltage of up to 30kV and nano manipulators 

to get the pattern of the air hole structure. Then, the 

developed substrate is hot baked with 180o C for 

dehydration process. 

The Deep Reactive Ion Etching (DRIE) is the deep 

vertical dry etching which is used to form the array of 

holes based on the masking pattern. Next wet etching 

process is used to remove the Sio2 oxide layer rinse with 

BHF acid for 16 minutes. The Sio2 oxide layer is acting as 

sacrificial layer for suspending the PC in air. By having 

the aforementioned fabrication steps, the proposed power 

splitter will be realized. 

 
 
5. Conclusion 
 

The two-dimensional PC square lattice based 1×2, 

1×3, 1×4 and 1×6 power splitters are designed and 

investigated through FDTD method. The wavelengths at 

which the maximum efficiency is achieved in the 

wavelength range of 1510nm to 1535nm, 1465nm to 

1495nm, 1440nm to 1480nm, 1480nm to 1505nm for 1×2, 

1×3, 1×4 and 1×6 splitters respectively. The input power is 

observed to split almost equally into the output ports with 

the transmission efficiency about and more than 95% for 

all the structures. The sizes of the splitters are found to be 

compact and hence the proposed devices are suitable for 

application in the optical communication systems. 
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