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Abstract
Silicon-on-Insulator (SoI) based 1 × 2 3-dB wavelength independent optical power splitter is designed which consist of three 
parallel cuboidal waveguides of rectangular cross-sectional area. Input power, that is to be split, is injected at the central 
cuboid, also called primary waveguide. Split output taken from the ports defined at the other end of secondary cuboids, 
known as secondary waveguides. Output power in each secondary waveguide, is nearly 45% of the total injected power. A 
theoretical model is built to investigate the normalized power flux in primary and secondary waveguides mathematically. 
The theoretical model is justified by the achieved simulation results using Finite Element Method (FEM). The width of the 
rectangular cross-section of primary and secondary waveguide is optimized, considering confinement factor and mode effec-
tive area. This is followed by optimization of the gap between primary and secondary cuboidal waveguides and evaluation 
of optimum longitudinal length of primary waveguide for 3 dB splitting application. The proposed design for 3 dB splitting 
is wavelength independent which is a valuable property for optical devices. Moreover, the design excludes any bending or 
tampering of the cuboidal waveguides, thereby avoiding any scope of bending loss. This, consequently, reduces the net loss 
associated with the splitter design.

Keywords Silicon photonics · Integrated photonic · Optical waveguides · Silicon-on-insulator waveguides · Beam splitter · 
Directional coupler

1 Introduction

Optical splitters are an important component of opti-
cal communication. Numerous optical instruments such 
as optical switches, modulators, multiplexers, optical 
phased arrays sensing, pharmacology, etc.; [1–8] use 
such power splitters. These are countless applications 
of the optical power splitter. The primary objective of 
these splitters is to distribute the power evenly among 
the waveguides in a pre-defined ratio [9]. In the case of 
a 3-dB splitter, the ratio is taken as 1:1. Researchers had 
worked intensively on constructing an optimized low-
loss [10], ultra-high bandwidth [11, 12] and polarization 

insensitive [13] power splitters. Several methods of 
design were proposed to achieve the above mentioned 
characteristics [14–16].

In 1999, Neil et al made an analysis on Mach-Zehnder 
Interferometer (MZI) for power splitting and optical 
switching. In this work, generalized MZI was employed 
and both phase deviation and optical power splitting ratio 
deviation was studied [17]. Earlier, Multi-Mode Interfer-
ence (MMI) based optical splitters were rapidly gaining 
popularity [18–20]. In 2001, Hongzhen Wei et al proposed 
a compact ultra-band 3-dB MMI based coupler in SoI 
[18] with length as small as 398 μm and an excess loss 
of 9.9 dB. Following this, in 2004, Frandsen et al intro-
duced a photonic crystal waveguide for optical splitting 
[21]. The team proposed a planar photonic waveguide Y 
splitter for ultra-low loss 3 dB splitting of TE polarized 
light with a minor excess loss of 1-2 dB [22]. In the same 
year, Sangin Kim et al proposed a photonic crystal-based 
3 dB splitter-combiner [23]. The work on power splitter 
was extended by the team of Quan Xu in which a cou-
pled-cavity waveguide-based splitter was proposed. This 
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design gave promising results and transmitted up to 47.5% 
power. Furthermore, Shaohua Tao et al designed an opti-
cal splitter with variable splitting ratio [24]. The design 
witnessed a minor coupling loss of 2.6 dB/coupling and 
was compact in size. Xun Chen et al proposed another 
silicon-bent directional coupler based broadband power 
splitter [25]. The design exhibited a minimal excess loss 
of less than 1 dB and a very compact size of 50 μm.

In above-mentioned methods of design, the wave-
guides were excited with even and odd modes initially 
and these modes interacted with each other. However, 
Han Yun et  al suggested a 2 × 2 adiabatic 3  dB cou-
pler on SoI rib waveguides [26]. Unlike other designs, 
in adiabatic coupler, either of the mode was excited in 
the waveguide. This proposed adiabatic splitter gave 
49.6%–50.4% of power transmission, which was a prom-
ising result for 3 dB splitting. In 2016, Yang Wang et al 
proposed another adiabatic tapered silicon waveguide-
based power splitter [11]. The splitter exhibited excess 
loss of 0.19 dB for TE mode and 0.14 dB for TM mode. 
Owing to extensive and long-time research on splitters, 
the power splitters had come a long way.

The primary objective of this paper is to introduce a 
SoI based wavelength-independent 2 × 1 3 dB power split-
ter without introducing any bending or tapering. The paper 
begins with introduction, followed by design and theory 
of the waveguide. Then the width of the rectangular wave-
guides is optimized. Further, the gap between the primary 
and secondary waveguide is optimized.

The novelty of the design comes from the fact that opti-
cal power splitting is done using three cuboidal straight 
tampering-less waveguides. The structure of the proposed 
broad-band 3 dB splitter does not consist of any bend-
ing, thereby inhibiting any scope of bending loss. In this 
manuscript, the concept of intra-modal coupling between 
primary and secondary waveguides, for the exchange of 
optical power, is utilized in such a way that the losses 
associated with tampering, bending, and reforming of 
the waveguide can be avoided. When the optical power 
is injected in the primary waveguide, it is split equally 
into two secondary waveguides. This split optical power in 
their respective secondary waveguides have been restricted 
to couple back to the primary waveguide by intention-
ally choosing the length of the primary waveguide. The 
length of the primary waveguide is chosen in kind that 
the 3 dB split power remains in the secondary waveguide 
and thus can be extracted from the output ports. In other 
publications, similar methodology has been adopted, but 
with difference in design structure. In 2015, Hseng-Tsong 
Wang et al came up with a 3 dB splitter design in which 
the paper considered a straight primary waveguide and 
bent secondary waveguides for the application of power 
splitting [27]. This design consisted of significant bending 

and was bound of bending losses. In 2016, Yang Wang 
et al proposed a 3 dB splitter design with adiabatic tapered 
silicon waveguide [11]. A 3 dB power splitting is achieved 
by introducing a bending to facilitate the separation for 
inhibiting the re-coupling of the optical power. The author 
of this manuscript has adopted the same methodology of 
intra-modal coupling between waveguides for splitting, but 
with a different design structure. In 2018, another team of 
Yesica Bustamante et. al. proposed a 3 dB tapered split-
ter design [28]. The author utilized the bending for the 
separation of two secondary waveguides to restrict the re-
coupling of the optical split power. The design incorpo-
rated an insertion loss of 0.5 dB and 0.07 dB for TE and 
TM polarization modes.

In all the above-mentioned manuscripts, the adopted 
principle for 3 dB splitting is similar, but the distinc-
tiveness of this research is to split light in the secondary 
waveguide by inhibiting re-coupling, thereby getting equal 
power at the output ports.

2  Design and Theory

Section of this paper discusses the proposed design for 
3-dB splitter and builds a theoretical model of transfer 
of normalized power, in direction of the propagation 
of wave, between primary and secondary waveguide. 
For ease of mathematics, the theoretical model con-
siders only one set of primary-secondary waveguides. 
Although, the model is applicable on both the set of the 
waveguides with unchanged behavior.

The proposed design consists of three-cuboidal 
waveguides with rectangular cross-section. For ease of 
explanation, the central waveguide is named as primary 
waveguide while other two as secondary waveguide. Pri-
mary and secondary waveguides are fabricated inside a 
substrate of silica glass (SiO2). Both the waveguides are 
composed of undoped pure silicon. Silicon is taken as the 
fabrication material because of high contrast of refrac-
tive indices between silica glass substrate and silicon 
in both primary and secondary waveguides. In addition 
to this, the high abundance of silicon in nature is also a 
qualifying factor.

The structure is symmetric about the y-z, x-z and x-y 
plane and is assumed to be non-varying along the longitu-
dinal length. All the intrinsic losses are ignored and only 
coupling loss is considered for the design. A 3-D view of 
the design is shown in Fig. 1.

Width of the rectangular cross-section of primary and 
secondary waveguides is taken as wr = 400 nm and the 
height of cross-section of the waveguides are taken as 
standard fabrication value hr = 220 nm. The width of the 
cross-section has been optimized, which is discussed in 
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further sections of the paper. The gap between both the 
waveguides is an important parameter of the design. It 
plays a significant role in the intra-waveguide modal cou-
pling, in which higher gap owes to reduced modal cou-
pling. Thus, it is mandatory to get an optimized value of 
the gap. This gap too is optimized and is discussed in detail 
in further sections of the paper. For this design, the gap is 
taken as wg = 55 nm. Refractive index of silica glass and 
silicon are evaluated using Sellmeier Equation [29, 30].

Flourishing research in nano optical devices lead to fast 
and accurate numerical tools. Finite Element Method (FEM) 
and Finite-Difference Time-Domain (FDTD) are the two 
well-known methods for which simulators are available now-
adays for the design of optical devices. The shrinking size of 
optical devices have brought intense computational burden 
for simulation and result accuracy. Therefore, the need for 
high computational performance is shooting up [31]. Due 
to the difference of numerical algorithms between FDTD 
and FEM, FEM performs better than FDTD for nano opti-
cal devices. The time iteration of FEM to achieve numeri-
cal stability and accuracy are less in comparison to FDTD. 
Therefore, FEM is employed for the computation of differ-
ential equations by meshing the cross-section and dividing 
the area into sub-domains.

An EM wave travels in a waveguide with a propagation 
constant ‘β’ and supports several guided modes, defined 
by the boundary condition and the structure. Let’s take 
a case where a primary and one secondary waveguide 
are fabricated next to each other as shown in Fig. 2. The 
EM wave travels in the primary and secondary wave-
guide with a propagation constant of βa and βb, assuming 
βa < βb, and their respective modal field distribution be 
ψa and ψb. When the gap between primary and secondary 
waveguide is large enough, the EM wave propagates with 
their respective propagation constant, i.e., βa and βb and 
there is no influence of normal modes onto each other. 
However, as the gap is reduced, the canonical modal 
fields of the waveguides suffer modification due to the 
interaction between the canonical normal modes. This 
interaction originates due to the evanescent fields of the 
primary and secondary waveguide. Due to the modifica-
tion, canonical modes vanish and two new modes origi-
nate, ψe (even mode) and ψo (odd mode) which propa-
gate along the longitudinal length of the waveguide with 
their respective propagation constants βe and βo, where 
βe > βo. When an even and odd mode is excited simulta-
neously, the modes travel at different speeds due to vary-
ing propagation constant values. This results in beating 
phenomena due to which the power is transferred from 
one mode to another periodically along the longitudinal 
length [12].

The intention is to build a mathematical model of normal-
ized power flux along the waveguide and the exchange of power 
between the primary and secondary waveguides. For the same 
purpose, two modes (‘a’ and ‘b’) are considered. Using the cou-
pling modal equation, Eqs. 1 and 2 [32].

(1)
dA(z)

dz
= −ikabB(z)e

−i(�b−�a)z

Fig. 1  3-D view for the schematic structure of 3-dB splitter

Fig. 2  Primary and secondary 
waveguide with (a) No cou-
pling; and (b) Mutual coupling
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Where, A(z) and B(z) denote the expansion coefficient of 
mode ‘a’ and mode ‘b’ with z-axis as the propagation direction 
of the electromagnetic field. Expansion coefficient represents 
the contribution of the mode in total EM wave. Kab and Kba 
denotes coupling coefficients between two modes. Since, it has 
been assumed that the waveguides are non-absorbing, it is fair 
to say kab = kba = k. Thus Eqs. 1 and 2 is re-written as

Equations 3 & 4 are differential equations with respect to 
z. To solve the differential equation, it is assumed that

In the assumed solution two new parameters: Δ and γ are 
introduced, as shown in Eq. 7 Δ indicates the level of modal 
phase matching and is helpful in finding the condition for effi-
cient coupling between the waveguides. Δ = 0 indicates the per-
fect matching of modes and thus there will be the most efficient 
coupling between the waveguides.

From Eqs. 5 and 6, the ratio of the constants ‘B’ and ‘A’ 
can be written as

Now, considering both the signs of γ, the solution of A(z) 
and B(z) becomes

Ae and Ao correspond to respective constants for even 
and odd modes after considering the positive and negative 
sign over γ. The initial condition for the system is taken 
as A(0) = 1 and B(0) = 0, with an assumption that power is 
injected in only the primary waveguide, at z = 0. Putting the 
condition in Eqs. 9 and 10 and solving the simultaneous 
equations, the constants  Ae and  Ao can be evaluated.

(2)
dB(z)

dz
= −ikbaA(z)e

−i(�b−�a)z

(3)
dA(z)

dz
= −ikB(z)e−i(�b−�a)z

(4)
dB(z)

dz
= −ikA(z)e−i(�b−�a)z

(5)A(z) = Ae
−i�z

e
−i�Z

(6)B(z) = Be
−i�z

e
+i�Z

(7)Δ =
�b − �a

2
and � = ±

√
k2 + Δ2

(8)
B

A
=

k

(� − �)

(9)A(z) =
(
Aee

−i�z + Aoe
i�z
)
e
−i�z

(10)B(z) =

(
Aek

� − �
e
−i�z +

Aok

� + �

)
e
−i�Z

Once Ae and Ao are evaluated, their values are replaced in 
Eqs. 9 and 10 and the equation becomes-

The power flux along the primary and secondary wave-
guide can be calculated by squaring the expansion coef-
ficients [12]. Thus, normalized power flux along secondary 
waveguide is given by-

Considering the case of perfect matching, where Δ = 0, 
γ = k. Thus, Eq. 15 becomes

Maximum value for normalized power flux in secondary 
waveguide is attained when γz = π/2. That is, as the mode 
travels π/2γ unit longitudinally, the entire power injected 
into the primary waveguide is transferred to the secondary 
waveguide. This length is known as coupling length and is 
denoted by Lc. Thus, Eq. 16 can be reframed as-

Similarly, power flux along the primary waveguide can be 
evaluated by squaring the expansion coefficient B(z). Therefore, 
normalized power flux along the primary waveguide is given by-

For matched modes, Δ = 0 and Eq. 18 shorten to-

Equations 17 and 19 shows the normalized power flux 
along secondary and primary waveguide in phase match-
ing condition respectively. As evident, there is a back-
and-forth transfer of power between both the waveguides.

(11)Ae + Ao = 1

(12)
Aek

� − �
−

Aok

� + �
= 0

(13)A(z) =

{
cos (�z) + i

�

�
sin (�z)e−i�Z

}

(14)B(z) = −i
k

�
sin (�z)e−i�Z

(15)
|B(z)|2

|A(0)|2
=

(
k

�

)2

sin
2(�z)

(16)
|B(z)|2

|A(0)|2
= sin

2(�z)

(17)
|B(z)|2

|A(0)|2
= sin

2

(
�

2Lc
z

)

(18)
|A(z)|2

|A(0)|2
=

(
�

�

)2

+

(
1 −

(
�

�

)2
)
cos

2

(
�

2Lc
z

)

(19)
|A(z)|2

|A(0)|2
= cos

2

(
�

2Lc
z

)
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3  Cross‑Sectional Width Optimization 
of Waveguide

The width of a rectangular cross-sectional cuboidal 
waveguide is an important dimensional parameter for the 
confinement of the EM wave inside the waveguide. This 
section of paper discusses width (wr) optimization of pri-
mary and secondary waveguide. The qualification factor 
for the optimization is taken as confinement factor and 
mode effective area. Figure 3 shows a single rectangular 
cross-sectional waveguide-.

An analysis is made by sweeping the value of wr from 
50 nm to 1000 nm and studying the trends of confinement 
factor and mode effective area with respect to wr. The 

reason behind choosing this sweep range is to find out 
the optimized value of the wr that yields the propagation 
of maximum power flux in the cross-section of the pri-
mary and secondary waveguides. In Fig. 4, the analysis 
suggests that as the width increases, the confinement fac-
tor initially increases and then saturates to ~75%. Con-
finement factor is a parameter that tells the level of mode 
confinement inside the cross-section of the waveguide. 
The graph suggests that at wr = 400 nm, the confinement 
factor in the cross-section starts saturating. The proposed 
design is constructed in such a way that it supports a 
single mode due to which the confinement factor gets 
saturated on increasing the width of the waveguide (wr).

In contrast, as width increases, the mode effective area 
decreases steeply as shown in Fig. 5. Mode effective area 
explain the density of the modes in the cross-section of 
the waveguide. The graph is exponentially decreasing in 
nature which grazes the axis from wr = 200 nm.

To find the optimized value of the width, an intersec-
tion of results of confinement factor and mode effective 
area is considered. Based on this, wr = 400 nm is con-
cluded to be the optimized width for the primary and 
secondary waveguides.

4  Gap Optimization of between Waveguides

The optimized wr ensure an efficient confinement of EM 
waves and a very less mode effective area. Next concern 
is the gap (wg) parameter between primary and secondary 
waveguides. As wg increases, the evanescent field in pri-
mary and secondary waveguide fails to interact with each 
other, resulting in reduced modal coupling and further 

Fig. 3  3D schematic view of cuboidal waveguide with rectangular 
cross-section

Fig. 4  Confinement loss with 
respect to different wr
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zero mode coupling. Due to this, the modes are unable 
to exchange power with each other and the fundamental 
principle of the 3-dB splitter fails to satisfy. Therefore, 
it is mandatory to find an optimized value of the gap.

An analysis has been made in which the value of the 
gap is swept from 0 nm to 200 nm and normalized vol-
ume intensity is evaluated corresponding to the wg val-
ues. For the analysis, only one set of primary and second-
ary waveguides is considered. However, the results are 
applicable on both. The variation in normalized volume 
intensity is shown in Fig. 6.

The graph in Fig. 6 suggests that when wg is less than 55 nm, 
there is an arbitrary exchange of power between the two wave-
guides. As wg > 55 nm, the volume intensity in the secondary 
waveguide decreases. This infers that the coupled power in the 
secondary waveguide is reduced due to reduced modal cou-
pling. Similarly, for wg > 55 nm, volume intensity in primary 
waveguide is increasing which in return infers that the modal 
power is sustained in the waveguide and power is not being 
coupled to the secondary waveguide. Based on this result, it 
is concluded that, wg = 55 nm is the optimized value of the wg 
between two waveguides.

Fig. 5  Mode effective area with 
respect to different wr

Fig. 6  Normalized volume 
intensity in primary and a sec-
ondary waveguide with respect 
to wg
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5  Longitudinal Length Optimization 
of Primary Waveguide

In this section of the paper, the optimum longitudinal 
length (Ll) of the primary waveguide is calculated. Inten-
tion behind finding the optimum length is to provide a 
structure that inhibits the coupling between primary and 
secondary waveguide at a point where all the power flux 
has been transferred to the secondary waveguide. For 
calculation purposes, three-cuboidal waveguides of the 
same length are considered initially, as shown in Fig. 7. 
The power flux exchange between primary and second-
ary waveguide is observed. Based on the results of power 
distribution, the optimum length is decided.

Figure 8 shows the power flux distribution between 
primary and secondary waveguides. The exchange of 
power flux is periodical along the longitudinal length. 
The power flux injected in the primary waveguide is split 
into two secondary waveguides uniformly after a definite 

length. This split power in secondary waveguides, fur-
ther couples back to the primary waveguide to return the 
injected power to the primary waveguide. Thus, there is 
an exchange of power flux in repetition along the entire 
propagation length of the waveguides.

It is observed from Fig. 8 that there is a finite longi-
tudinal length of primary waveguide, at which the entire 
injected power from primary waveguide is transferred, for 
the first time, to secondary waveguides and no more net 
power flux is remaining in the primary waveguide. This 
longitudinal length is of concern to the design of 3 dB 
splitter. The proposed splitter design supports TE mode 
of propagation only. Thus, TM mode of propagation is not 
supported by the design.

The power flux relation with propagational length is vis-
ualized for primary and secondary waveguides individu-
ally by drawing cut-lines through the center of waveguide. 
These cut lines are helpful in computing the poynting vec-
tor along the direction of propagation (z-direction) of the 

Fig. 7  3D view of Equi-lon-
gitudinal length primary and 
secondary waveguides

Fig. 8  Top view of power flux 
distribution between primary 
and secondary waveguide
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waveguides. The power flux relation with propagation 
length is shown in Fig. 9 for each waveguide respectively.

As shown in Fig. 9, the normalized power flux in pri-
mary and secondary waveguide, with respect to longitu-
dinal length, is a sinusoidal graph. This graph justifies 
the theoretical model that is formulated in section-2 of 
the paper. In Eq. (17) and (19), normalized power flux 
in primary and secondary waveguides is sinusoidal in 
nature. Precisely, normalized flux in primary waveguide 
is a cosine of z and  Lc whereas normalized power flux in 
secondary waveguide is a sine in z and  Lc. This relation is 
justified in Fig. 9 where the plotted graph of normalized 
intensity in primary and secondary waveguides is 90° out 
of phase to each other and is sinusoidal in nature.

Graph in Fig. 9 suggests that at z = 5.5 μm, power flux in 
the primary waveguide is approximately vanished and this 
power is transferred to the secondary waveguides in equal 

proportion. Normalized flux in the secondary waveguide, 
at z = 5.5 μm, is nearly ~0.45 or 45%.

By stopping intra-modal coupling at this point, power 
f lux exchange can be stopped thereby constraining 
50%–50% power in both secondary waveguides. As the 
power flux is injected in the primary waveguide, it splits 
equally into secondary waveguides at a finite distance in the 
primary waveguide. This Ll of the primary waveguide has 
been chosen intentionally in such a way that the split power 
in respective secondary waveguides cannot re-couple into 
the primary waveguide. Thus, precise selection of Ll of the 
primary waveguide leads to the inhibition of intra-modal 
coupling between primary and secondary waveguides. Con-
clusively, Ll = 5.5 μm is the best possible value of longitudi-
nal length for primary waveguide. The evaluated coupling 
length is for TE mode of propagation.

6  Results and Discussion

In the last section, the optimum value of Ll is evaluated and 
is taken as 5.5 μm. Input power of 10 mW is injected at the 
port of the primary waveguide of design shown in Fig. 1. 
For analysis purposes, three ports at the other rectangular 
cross-sectional end of the waveguides are defined. A cut-line 
is drawn, connecting both ends of the waveguides, along the 
longitudinal length of all the cuboidal waveguides for study 
of power flux. Figure 10 shows the top view of power flux 
distribution in the proposed design.

It is clearly visible from the Fig. 10 that the injected 
power from the primary waveguide is uniformly split into 
two secondary waveguides. Thereafter, due to the short 
length of the primary waveguide, there is no exchange 
of power flux after z = 5.5 μm and power is unable to 
recollect back to the primary waveguide. Moreover, by 

Fig. 9  Relation of normalized power flux in primary and secondary 
waveguide with respect to longitudinal length

Fig. 10  Top view of power 
flux distribution in primary 
and secondary waveguide with 
Ll = 5.5 μm 
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analysis of Fig. 6, it is known that when the gap between 
two waveguides is more than 55 nm, there is no intra-
modal coupling. Due to this, there is no modal coupling 
between two secondary waveguides, as the gap between 
two secondary waveguides is 510 nm.

Figure 11 shows the graphical relation of normalized 
power flux with respect to the longitudinal length of the 
cuboidal waveguides. As evident from the Fig. 11, nor-
malized power flux in secondary waveguides increases 
till z = 5.5 μm where z denotes the propagation length 
variable. As z > 5.5 μm, power flux across the second-
ary waveguides become constant to 0.45 or 45% of the 
injected power. Throughout the length of the waveguides, 
normalized power remains approximately the same. 
Similarly, power flux in primary waveguide reduces till 
z = 5.5 μm and further vanishes.

The fabrication errors and variations play an important 
role in deciding the efficiency and behavior of the design 
after fabrication of the SoI system. Simulation is performed 
by changing the wr and wg of the waveguide by ±5% of 
optimized parameter. This analysis is known as fabrication 
tolerance analysis and shown in Fig. 12. The result infers 
that there is not a significant impact of geometrical varia-
tions in the output power flux from primary and secondary 
ports for the proposed design.

The design works on the principle of intra-modal cou-
pling due to the presence of evanescent fields in respective 
primary and secondary waveguides. The loss associated with 
this 3 dB splitter is excess loss, which is related to input and 
output power of primary and secondary arm of the wave-
guide [33]. The proposed design accounts for an average of 
−0.05 dB of excess loss for C-band wavelengths as shown in 
Fig. 13. Thus, this excess loss is responsible for a 45%–45% 
split power ratio in secondary waveguides.

In addition to this, the proposed design is independent 
of the wavelength of input optical light. It is confirmed in 
Fig. 13 that the behavior of the splitter remains the same for 
all the wavelengths. For an entire C-band of 35 nm (1530 nm 
to 1565 nm), the normalized transmittance is nearly ~0.46.

At last, it is important to discuss the comparison of 
the proposed design with the other publications. In 2013, 
Zhe Xiao et  al proposed a wavelength-independent, 
polarization insensitive and low loss 3 dB Y-Junction 
waveguide based power splitter [34]. In that design, an 
excess loss of −0.11 dB and − 0.18 dB was associated for 
TE and TM mode. In 2016, Hongnan Xu et al utilized 
a Y junction waveguide for creating an ultra-broadband 
dual-mode 3 dB power splitter [35]. The proposed design 
yielded an excess loss of 0.45 dB and 0.5 dB for  TM0 
and  TM1 mode respectively. The design consisted of a Y 
shaped waveguide which had a slight bending to produce 
separation between adjacent waveguides such that the 
split light can be inhibited from re-coupling. In 2016, 
Yang Wang et al proposed ultra-broadband and low-loss 

Fig. 11  Relation of normalized power flux in primary and secondary 
waveguide with respect to longitudinal length with Ll = 5.5 μm 

Fig. 12  Fabrication tolerance analysis by varying ± 5% in  wr and  wg 
of the waveguide

Fig. 13  Transmittance and excess loss with respect to C-band of 
wavelengths (1530 nm–1565 nm)
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3 dB power splitter design based on adiabatic silicon 
waveguide [11]. The design involved bending as well as 
tapering to provide the separation for the application of 
power splitting in respective secondary waveguides. The 
design showcased an excess loss of less than 0.19 dB 
for TE and 0.14 dB for TM mode respectively. In 2019, 
Chonglei Sun et al came up with another splitter design 
with multi-mode tapered branches [36]. This design also 
consist of Y branch junction and bendings.

The proposed design utilizes only three straight rec-
tangular waveguides arranged parallel to each other with 
optimized  wg of 55 nm. This design consist of one primary 
waveguide of optimized propagation length of 5.5 μm. There 
is no bending and tapering in this 3 dB power splitter. Also 
an average excess loss of −0.05 dB is witnessed for the 
C-band wavelengths in TE mode, which is very less in com-
parison to mentioned publication in comparison.

7  Conclusion

The paper presents a SoI based 3  dB power splitter 
design in which three-cuboidal waveguides with rectan-
gular cross-sectional area are brought into use. Power of 
10 mW is injected at the port of the primary waveguide. 
This power further gets split nearly into equal halves in 
secondary waveguides, thereby providing a 3 dB split 
power at the output ports of secondary waveguides. 
Nearly 45% - 45% of total power is transferred to both 
the secondary waveguides. In addition to this, in case 
of z > Ll, power flux remains the same throughout the 
length of the secondary waveguides and thus power flux 
in the secondary waveguide does not depend on the lon-
gitudinal length of the secondary waveguide. This design 
involves no tampering or bending of the cuboidal wave-
guides. Due to this, there is no scope of bending loss 
involved in the design. This reduces the losses associated 
with the splitter design. Also, the design is insensitive 
and independent of the wavelength of input power.
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