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Abstract. This paper proposes a new design for a π-phase shifter and two π/2-phase shifters, which
are based on a two-dimensional rods-in-air photonic crystal waveguide. The proposed devices have been
designed using both triangular and square lattice photonic crystal structures. Notably, these phase shifters
do not require any external energy source to operate. To calculate the band diagram of the PhC, the
plane wave expansion method was utilized, while finite-difference time-domain simulation methodology
was used to estimate and examine the performance of the proposed phase shifters. The simulation results
demonstrate that the proposed π-phase shifter can achieve a bandwidth of 1.5THz, whereas the π/2-
phase shifters, designed on triangular and square lattice can achieve bandwidths of 1.9THz and 1.35THz,
respectively. Due to their straightforward design structure and energy independence, these devices are
well-suited for future generations of all-optical photonic integrated circuits.

1 Introduction

Photonics [1, 2], as a rapidly evolving technology, has
gained significant attention due to its potential to over-
come the limitations of existing electronic technology
in meeting the increasing demand for faster data trans-
fer and computing. Photonics has been incorporated
into various fields of engineering, including communi-
cation [3], automobile [4], biomedical [5], and aeronau-
tical [6], and is considered highly effective with enor-
mous potential in designing high-speed computational
and data processing devices and components [6–10].
Till date, several photonic devices [11–15] have seen
to be developed with the implementation of various
optical principles. One of the most promising pho-
tonic technologies is photonic crystals (PhCs) [16, 17],
which refer to the periodic variation of the refractive
index in one, two, or three dimensions. PhCs possess
valuable properties such as photonic bandgap (PBG),
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tunable photonic bandgaps, and the ability to con-
trol optical wavelengths through bandgap mapping.
PBG is a range of frequencies where light is unable
to propagate through the crystal. However, by intro-
ducing defects into the crystal through modification
or removal of rods or holes, light can be propagated
in the PBG range, allowing for the creation of vari-
ous photonic devices. In recent decades, there has been
extensive research on the utilization of two-dimensional
photonic crystals (2D-PhCs) for designing a wide range
of devices, such as adders [18–20], subtractors [21],
de-multiplexers/multiplexers [22–25], comparators [26],
beam splitters [27, 28], decoders [29–33], and logic gates
[34–38]. These devices leverage the unique properties of
PhCs to manipulate and control light, offering potential
solutions for high-speed data processing and computa-
tion. Overall, the growing demand for faster data trans-
fer and computing is driving innovative developments
in different aspects of photonics, including the gen-
eration, detection, transmission, and manipulation of
optical signals. PhCs, in particular, hold great promise
as a photonic technology for integrated circuits and
have been extensively studied for various applications in
high-speed computational and data processing devices.

Among all the devices reported till date, phase
shifters are indeed crucial components in many photon-
ics applications, including optical fiber communication
systems and sensing systems. They play a vital role in
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manipulating light waves to achieve desired function-
alities in these systems. As mentioned, phase shifting
is the process of changing the phase of light, which
can result in constructive or destructive interference
of signals. Phase shifters are devices that enable this
manipulation of the phase of light as it passes through
them. Some devices, like the XOR gate, use an indirect
phase shifter that relies on asymmetrical waveguides.
However, this method has limitations, such as a lim-
ited tuning range, which means that it can only operate
over a specific range of phase shifts. This can restrict
the flexibility and versatility of the phase shifter in cer-
tain applications. Efforts are ongoing in research and
development to address these limitations and improve
the performance of phase shifters. Techniques such as
using different materials, designs, and fabrication meth-
ods are being explored to achieve wider tuning ranges,
linear responses, and improved overall performance of
phase shifters in various photonics applications. Despite
these limitations, phase shifters remain essential com-
ponents in many optical systems, enabling a wide range
of functionalities such as modulation, switching, and
sensing, and continuing research in this area is driving
advancements in photonics technology.

In this context, few reported literatures on opti-
cal phase shifters have been reviewed. For exam-
ple, Malik et.al. [39] have reported the development
and improvement of Germanium-on-silicon thermo-
optic phase shifters in the 5 μm wavelength range.
An efficient phase shifter achieved a tuning power
of 105 mW for a 2π phase shift, which was further
reduced to 16 mW for a free-standing phase shifter.
To reach a power requirement of 80 mW, complete
undercut using focused ion beam was employed dur-
ing fabrication. Moreover Zhu. et. al. [40] have pro-
jected the fabrication of an AlN (Aluminum nitride)
electro-optic phase shifter on Silicon using complemen-
tary metal–oxide–semiconductor technology. The Pock-
els coefficient of the deposited AlN is estimated to be
approximately 1.0 pm/V for both TE and TM modes.
For the TE mode, the modulation efficiency is around
240 Vcm, and for the TM mode, it is around 320
Vcm. In addition to the above phase shifters an opti-
cal phase shifter using a low-loss optical phase change
material (O-PCM) called Ge2Sb2Se4Te1 (GSST) at
1.55 μm wavelength has been reported by Dhingra.et al.
[41]. The design utilizes coupling between a primary
SiN strip waveguide and an O-PCM-formed waveg-
uide in its amorphous state. The primary drawback
of existing phase-shifters is their dependence on exter-
nal energy (electric field/heat) for operation. Moreover,
their complex design hinders practical implementation
in future photonic integrated circuits (PICs). To over-
come these limitations, the authors designed an optical
phase shifter in the linear optical domain, allowing the
signal to alter its phase without the need for external
energy.

In this work, the authors have proposed two different
types of phase shifters, namely π-phase shifter and π/2-
phase shifter, utilizing two-dimensional Photonic Crys-
tal (2D-PhC) rods-in-air structures. One of the unique

features of these proposed phase shifters is that they
do not require any external energy source to function
as phase shifter. The authors have designed the phase
shifters by creating a defect in an array of 2D-PhC
structure, where the rods are removed in the Γ-X direc-
tion to form an optical waveguide. Furthermore, a few
more rods within the waveguide are removed and the
diameter and position of some rods are optimized to
create a circular/elliptical-shaped cavity that functions
as the phase shifter. The simple design structure and
the absence of any external energy requirements make
these proposed devices suitable for future generations
of all-optical photonic integrated circuits (PICs). The
use of 2D-PhC rods-in-air structures and the optimiza-
tion of rod parameters demonstrate the potential for
these phase shifters to be integrated into practical pho-
tonic devices for various applications in photonics and
optical communication systems.

The rest of the paper is structured into five main sec-
tions, each of which focuses on a specific aspect of the
proposed phase shifter. The second section provides a
detailed analysis of the photonic crystal structure and
its band characteristics. This section likely explains the
design of the photonic crystal and the specific charac-
teristics of its band structure, which are important for
understanding how the proposed phase shifter works.
The third section provides a detailed description of the
proposed π-phase shifter, including its architecture and
how it works. This section also includes information
about how the phase shifter has been characterized.
This same section also includes a calculation of the
phase shifter’s bandwidth, which is an important metric
for understanding its potential applications. The fourth
section focuses on the architecture of the proposed π/2-
phase shifter in both triangular and square lattices.
This section describes how these phase shifters differ
from the π-phase shifter and how they work. Similar to
the previous section, this section may also include val-
idation and bandwidth analysis of the proposed phase
shifters. Finally, the section five includes the conclusion
of the work. This section is typically used to summarize
the main findings of the study and provide insights into
the significance and potential impact of the research.

2 PhC structures and band analysis

Photonic crystals are structures that have a periodic
variation of refractive index, which allows them to
manipulate the propagation of light in a variety of ways.
These structures can be one-dimensional (1D), two-
dimensional (2D), or three-dimensional (3D) depend-
ing on the level of periodicity. This design consists of a
regular array of silicon rods that are suspended in air,
with a periodicity in the x and z directions. The rods
are constructed with three layers for achieving symmet-
rical structure in the ’Y’ direction. The top and bottom
layers are made of silica (SiO2), while the middle layer,
which acts as the propagation layer, is made of silicon
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(Si with a refractive index of 3.476). Additionally, a sup-
porting substrate made of silicon dioxide (SiO2) with a
thickness of 1 μm is used for mechanical stability. The
height of each rod is chosen to be 1 μm. Two differ-
ent PhC structures have been taken to design phase
shifters. First PhC structure is composed of a lattice
of rods (radius of 121 nm) that are suspended in air
and arranged in a triangular pattern. The lattice con-
stant is chosen as 604 nm. Similarly, in the second PhC
structure rods are arranged in square lattice and has
been optimized by selecting the parameters, including
a refractive index of 3.476, a lattice constant of 540 nm,
and a rod radius of 120 nm.

The band diagram of the non-defect Photonic Crys-
tal (PhC) structure (triangular lattice) has been com-
puted by using the plane wave expansion (PWE) algo-
rithm. Upon analyzing Fig. 1a, it is observed that the
photonic band gap (PBG) exists entirely in the trans-
verse magnetic (TM) mode with a range of normalized
frequency (a/λ) equal to 0.275–0.45. This corresponds
to a specific range of wavelengths, i.e., from 1342 to
2190 nm. It is intriguing to note that that the third
optical window, which is defined by the International
Telecommunication Union (ITU) as centered at a wave-
length of 1550 nm, falls within the aforementioned nor-
malized frequency range. This calculation confirms that
the proposed device, which is based on triangular lat-
tice structure, operates most efficiently in the TM mode
and does not exhibit a band gap in the transverse elec-
tric (TE) mode. Furthermore, a W1 line defect has
been created in the Z-direction (Γ-X) of the crystal,
which acts as a waveguide. To examine the frequency
states within the waveguide, a projected band diagram
test has been performed using the PWE algorithm, as
shown in Fig. 1b. It can be observed from Fig. 1b that
no frequency states exist within the waveguide (in the
Z-direction of the crystal) in the range of 0.275 to 0.34.
However, a clearly observable projected band ranging
from 0.34 to 0.44 indicates that waves can propagate
through it in the above-mentioned frequency range.

In the case of a square lattice structure (square lat-
tice) and with the application of the PWE algorithm,
it is observed in Fig. 1c that a complete photonic band
gap (PBG) is found in transverse magnetic (TM) mode,
with a range of normalized frequency (a/λ) equal to
0.26–0.4, which corresponds to a wavelength range from
1350 to 2000 nm. A band gap has not been achieved in
transverse electric (TE) mode. The third optical win-
dow, which has a wavelength of 1550 nm, is observed
to lie within the normalized frequency range. There-
fore, the proposed device, which is designed using a
2D-PhC square lattice structure, is observed to work
perfectly in TM mode. Furthermore, a W1 line defect
has been created in the Z-direction (Γ-X) of the crys-
tal, which acts as a waveguide. To examine the fre-
quency states within the waveguide, a projected band
diagram test has been performed using the PWE algo-
rithm, as shown in Fig. 1d. It can be observed from
Fig. 1d that no frequency states exist within the waveg-
uide (in the Z-direction of the crystal) in the range of
0.26 to 0.29. However, a clearly observable projected

band ranging from 0.29 to 0.4 indicates that waves can
propagate through it in the aforementioned frequency
range. Based on the observations made using the PWE
algorithm being applied to a square lattice structure, it
has been noted that the proposed device functions per-
fectly in the TM mode. It should be noted that no such
band gap has been identified in the transverse electric
(TE) mode. In addition, these findings are significant as
they suggest that the proposed device is well-suited for
applications that require a complete PBG in the TM
mode.

3 Π-Phase shifter

The architecture of the proposed MMI π-phase shifter
is shown in Fig. 2 and is designed using a 2D photonic
crystal slab. The photonic crystal is constructed using
rods in air arranged in a hexagonal pattern with a lat-
tice constant of 604 nm and rod radius of 121 nm. The
device is composed of an array of 25*15 silicon rods,
and the refractive index of the silicon rods is chosen
as 3.476. The proposed phase shifter consists of one
input port (INPUT-B) for applying a desired optical
signal and one output port (OUTPUT-B). Two paral-
lel waveguides, WAVEGUIDE-1 and WAVEGUIDE-2,
have been created using a line defect by removing rods
in the G-X direction of the PhC slab for the purpose of
parallel propagation of two identical input signals. To
create a π-phase shifter within the WAVEGUIDE-2, a
W3 waveguide has been formed at a certain portion of
the waveguide with a length of 3-period by removing
two additional rows of rods in the G-X direction. Fur-
thermore, at the corner portion of the W3 waveguide,
rods designated as A, B, C, and D have been shifted
towards the G-M direction (away from the center of the
waveguide) by a distance of half of period, as shown in
Fig. 2a.

To investigate the functionality of the proposed
device, two identical continuous optical signals have
been applied at the input ports of both waveguides, and
applying finite difference time domain (FDTD) algo-
rithm the electric field propagation profile of the two
parallel waveguides has been obtained which is shown
in Fig. 2b. Moreover, to execute the FDTD simulation
process the parameters like time step, grid spacing, and
boundary conditions have been taken as 0.0466 fs, Dx
= 40 nm Dy = 20 nm Dz = 35 nm and boundary con-
dition = PML (perfectly matched layer) respectively.
It can be observed from Fig. 2b that the electric field
propagation profiles of both waveguides are identical
from the input ports to the starting portion of the π-
phase shifter. As soon as the optical wave (single mode)
enters the π-phase shifter, it splits into multiple modes.
Subsequently, all the modes recombine with each other,
forming a single mode optical wave with a phase change
of π when it emits from the π-phase shifter. It has also
been observed from the Fig. 2b that there is a mismatch
in the electric field propagation profile at the trail por-
tion of both waveguides, which indicated a change in the
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Fig. 1 (a) Band diagram analysis of Triangular lattice (b) Projected band diagram of hexagonal lattice (c) Band diagram
analysis of Square lattice (d) Projected band diagram of square lattice

Fig. 2 Schematic design of Π phase shifter of (a) Two-dimensional model (b) Electric field propagation profile in the device

phase of the optical signal applied to WAVEGUIDE-2.
The validation and performance of the proposed phase
shifter have been explained in the subsequent subsec-
tions.

3.1 Validation and result analysis of Π phase shifter

The proposed π-phase shifter has been validated by
implementing an optical XOR gate, which operates on
the principle of light beam interference. It is observed
that the use of an asymmetric Y-shaped waveguide led
to the creation of a π-phase difference, which behaves
as an XOR gate. To address this issue, a symmetric
Y-shaped waveguide can be utilized for the XOR oper-
ation by embedding a π-phase shifter in one of the input
waveguides. A Y-shaped structure (two input ports,

INPUT-A & INPUT-B and one output port, OUT-
PUT) has been designed with a footprint of 301 μm2 on
a 2D-PhC platform for this purpose, where two input
waveguides (WA-1 and WA-2) and an output waveg-
uide (W5) are present. The input waveguides WG-1
and WG-2 intersect with waveguides WG-3 and WG-4,
respectively, by making a 60-degree bend at junctions
C1 and C2. Additionally, waveguides WG-3 and WG-4
meet at junction C3 to create output waveguide WG-
5, forming a Y-shaped structure as shown in Fig. 3a.
The lengths of C1C3 and C2C3 have been chosen to
be symmetrical, and the proposed π-phase shifter has
been placed in WG-2.

To analyze the functionality of the proposed phase
shifter, the FDTD algorithm has been applied. The
signals (Pi = input power) with the same phase have
been applied to both input waveguides. Upon passing
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Fig. 3 (a) XOR operation in symmetric PhC structure using Π phase shifter. Electric field profile of XOR operation
(b) when input-A = 0oand input-B = 0° (c)when input-A = 0° and input-B = 180°. Time evolving graph of the XOR
operation (d) when input-A = 0° and input-B = 0° (e) when input-A = 0° and input-B = 180o

through the waveguide with the phase shifter, the sig-
nal’s phase has been observed to be altered by 180
degrees. When both signals meet at the junction (C3),
a destructive interference occurs, and no signal (0.001 *
Pi) is detected at the output port, as shown in Fig. 3b
and 3d. In addition, a signal with a phase of 180-degree
was applied to WG-2, while a signal with a phase of
0-degrees has been applied to WG-1. Upon passing
through the phase shifter, again, the phase of the sig-
nal is observed to be altered by 180-degree. This led to
constructive interference at the junction (C3), result-
ing in a high output power (1.3 * Pi) observed at the
output port, as shown in Fig. 3c, e. From the electric
field propagation profiles shown in Fig. 3b, c, and the
time-evolving graphs shown in Fig. 3d, e, it is com-
pletely validated that the proposed Π-phase shifter is
capable of altering the signal’s phase by 180 degrees.
Overall, these validation methods serve to confirm the
effectiveness of the design and ensure that it is capable
of achieving its intended purpose.

3.2 Operating bandwidth

The performance of the proposed Π-phase shifter has
been evaluated across a wavelength range of 1540 nm
to 1560 nm, which was simultaneously applied to both
INPUT-A and INPUT-B of the optical XOR gate
(Fig. 3a). Based on the graph provided in Fig. 4, a max-
imum output power of approximately 2.5% (0.025 * Pi)
has been obtained in the mentioned wavelength range.
However, during the XOR operation, almost no out-
put power has been delivered in the wavelength range
of 1544 nm to 1556 nm, which correspond to equiva-
lent frequency levels of 194.3THz and 192.8THz, respec-
tively. Therefore, the bandwidth of the proposed phase
shifter can be determined as the difference between

Fig. 4 Band Width of the Π-phase shifter

these two frequencies, which is 1.5THz, as depicted in
Fig. 4.

4 Π/2 Phase shifter

The proposed π/2-phase shifter, depicted in Fig. 5a,
is designed using a 2D photonic crystal slab. Simi-
lar to the π-phase shifter, two straight waveguides,
WAVEGUIDE-1 and WAVEGUIDE-2, are created
using a line defect to propagate the input signal by
removing rods in the G-X direction of the PhC. To
create the π/2-phase shifter within the waveguide, two
rows of rods (four rods in each row) in the G-X direc-
tion have been removed from a certain portion of the
W1 waveguide, and the W3 waveguide is formed. At the
corner portion of the W3 waveguide, the radius of the
rods, designated as ABCD, is optimized to be 1.2 times
the existing radius, and it has been shifted to the G-M
direction (which is away from the central waveguide)
by a distance of Period/2.

Additionally, a new design for a π/2-phase shifter
(shown in Fig. 5c) has been created using a rods-in-air
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Fig. 5 Schematic design of Π/2 phase shifter of (a) Two-dimensional model in triangular lattice (b) Electric field propa-
gation of triangular lattice (c) Two-dimensional model in square lattice. (d) Electric field propagation for square lattice

2D-PhC structure. The rods, with a lattice constant of
540 nm and a radius of 120 nm (0.22 * a, where ‘a’ rep-
resents the lattice constant or period), are placed in a
cubic lattice structure in the air background to create
the photonic crystal. To create the π/2-phase shifter,
two rows of rods (with five rods in each row) have been
removed from a specific location in the G-X direction in
WAVEGUIDE-1 to create the W3 waveguide. Further-
more, the radius of the corner rods (A, B, C & D) of
the W3 waveguide has been optimized as doubled, and
they have been shifted by a distance of Period/2 in the
G-M direction away from the central waveguide.

In order to test the functionality of the proposed
devices, two identical continuous optical signals have
been fed into the input ports of both waveguides of
both the devices. The electric field propagation pro-
files (of both the devices) of the two parallel waveg-
uides have been then obtained using the finite difference
time domain (FDTD) algorithm, as shown in Fig. 5b
and d. It is apparent from the figures that the electric
field propagation profiles of both waveguides are the
same from the input ports up to the starting point of
the π/2-phase shifters. Once the optical wave (single
mode) enters the π/2-phase shifters, it bifurcates into
multiple modes and then recombines with each other,
ultimately forming a single mode optical wave with a
phase change of π/2 when it emerges from the π/2-
phase shifters. Additionally, there is a mismatch in the

pattern of electric field propagation profile at the trail-
ing end of both waveguides, indicating a shift in the
phase of the optical signal applied to WAVEGUIDE-
2 for both the π/2-phase shifters. The verification and
performance of the proposed phase shifter are explained
in the subsequent subsections.

4.1 Validation and result analysis of Π/2 phase
shifter

The performance of the proposed Π/2 phase shifter
(designed in triangular lattice platform) has been ana-
lyzed by designing a Y-shaped structure (with a foot-
print of 301 μm2) with two input ports (INPUT-
A and INPUT-B) and one output port (OUTPUT)
on a 2D-PhC platform where two input waveguides
(WA-1 and WA-2) and an output waveguide (W5) are
present (refer to Fig. 6a). To verify the functional-
ity of the π/2-phase shifter in the proposed design,
a signal (with input power of Pi) with a phase of 0-
degree is applied at INPUT-A and a signal (with input
power of Pi) with a phase of 90-degree is applied at
INPUT-B, where the proposed phase shifter is embed-
ded (refer to Fig. 6b). Upon passing through the waveg-
uide with the phase shifter, both signals meet with
each other and underwent destructive interference at
junction C3, resulting in no output signal in the out-
put waveguide (as shown in Fig. 6b). Furthermore,
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Fig. 6 (a) XOR operation in symmetric PhC structure using Π/2 phase shifter. Electric field profile of XOR operation in
triangular lattice (b) when input –A = 0 degree and input-B = 90degree. (c) when input –A = 90 degree and input-B =
0degree. Time evolving graph of the XOR operation in triangular lattice (d) when input –A = 0 degree and input B = 90
degree. (e) when input –A = 90 degree and input B = 0 degree

Fig. 6c shows that a signal with a phase of 90 degrees
is applied to INPUT-A, while a signal with a phase of 0
degrees is applied in INPUT-B. As the signal (applied
at INPUT-B) passed through the Π/2 phase shifter
and interacts with another input signals (applied at
INPUT-A), they underwent constructive interference
at junction C3, resulting in a maximum output sig-
nal in the output waveguide. Figure 6d and e display
the time-evolving graphs for various input conditions.
It is evident from the obtained graphs that null power
(0.001 * Pi) is achieved at the output when destruc-
tive interference occurs, while significant power (more
than 1.5 Pi, where Pi represents the input signal power)
is obtained when constructive interference occurs. The
above-mentioned observations confirm that the pro-
posed Π/2-phase shifter (designed in triangular lattice
structure) is capable of altering the signal’s phase by
90-degree.

To evaluate the performance of the proposed Π/2
phase shifter (designed on square lattice platform), a Y-
shaped like structure (with a footprint of 297 μm2) with
two input ports (INPUT-A and INPUT-B) and one out-
put port (OUTPUT) is designed on a 2D-PhC platform,
as shown in Fig. 7a. The structure includes two input
waveguides (WA-1 and WA-2) and an output waveguide
(W5). To verify the functionality of the phase shifter,
a signal with a phase of 0-degree has been applied at
INPUT-A, whereas a signal with a phase of 90-degree
was applied at INPUT-B, as shown in Fig. 7b. As the
signal passes through the phase shifter and meets with
another signal at junction C3, they underwent destruc-
tive interference at junction C3, resulting in no output
signal (0 * Pi) in the output waveguide. Conversely,
when a signal with a phase of 90-degree is applied

to INPUT-A and a signal with a phase of 0-degree is
applied to INPUT-B, the signals underwent construc-
tive interference at junction C3, resulting in a maxi-
mum output signal (1.2 * Pi) in the output waveguide,
as shown in Fig. 7c. Time-evolving graphs for various
input conditions have been presented in Fig. 7d and e,
revealing that no signal power is obtained at the output
during destructive interference, while substantial power
(more than 1.2 Pi, where Pi represents the input sig-
nal power) is obtained during constructive interference.
Based on the above observations, we can conclude that
the proposed Π/2-phase shifter, designed in a square
lattice structure, is indeed capable of altering the phase
of the signal by 90 degrees.

4.2 Bandwidth

The performance of the π/2 phase shifter has been
evaluated in both hexagonal and cubic lattice struc-
tures over a wavelength range of 1.540 μm to 1.560 μm,
applied simultaneously to both inputs of the Y-shaped
structure, as depicted in Figs. 6a and Fig. 7a. Based on
the graph provided in Fig. 8, a maximum output power
of approximately 2% (0.02 * Pi) has been observed
in the wavelength range of 1540 nm to 1560 nm for
the hexagonal lattice domain, as shown in Fig. 8a. In
the cubic domain, a maximum output power of 2.5%
(0.025 * Pi) has been observed in the wavelength range
of 1540 nm to 1560 nm, as depicted in Fig. 8b. The
XOR operation yielded almost no output power in the
wavelength range of 1542 nm to 1557 nm, which corre-
sponds to equivalent frequency levels of 194.5THz and
192.6THz, respectively. Therefore, the bandwidth of the
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Fig. 7 (a) XOR operation in symmetric PhC structure using Π/2 phase shifter. Electric field profile of XOR operation
in square lattice (b) when input –A = 0 degree and input B = 90 degree. (c) when input –A = 90 degree and input B =
0 degree. Time evolving graph of the XOR operation in square lattice. (d) when input –A = 0 degree and input B = 90
degree. (e) when input –A = 90 degree and input B = 0 degree

Fig. 8 Band Width of Π/2-phase shifter (a) for hexagonal lattice (b) for Square lattice

proposed π/2-phase shifter designed on a hexagonal lat-
tice is determined as the difference between these two
frequencies, which is 1.9THz, as shown in Fig. 8a. Simi-
larly, the π/2-phase shifter designed on a square lattice
delivered almost zero output power in the wavelength
range of 1543 nm to 1554 nm, which corresponds to
equivalent frequency levels of 194.4THz and 193.05THz,
respectively. Hence, the bandwidth is determined as the
difference between these two frequency values, which is
1.35THz, as depicted in Fig. 8b.

5 Conclusion

This article proposes a new design for one Π-phase
shifter and two Π/2-phase shifters, which are based on a
two-dimensional PhC structure. The proposed Π-phase
shifter and one Π/2-phase shifter are designed with air-
suspended dielectric rods arranged in a triangular lat-
tice, while the other Π/2-phase shifter is designed with

a square lattice. These structures require no additional
external energy or optical nonlinearity to function as
phase shifters. FDTD simulation results demonstrate
that the Π-phase shifters can operate within the wave-
length range of 1544 nm to 1556 nm, providing a large
bandwidth of 1.5 THz. The Π/2-phase shifters provide
operating bandwidths of 1.9THz and 1.35THz, respec-
tively. The simplicity of the structural design, absence
of external energy, and large operating bandwidth make
these proposed phase shifters potential candidates for
future-generation photonic integrated circuits.
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