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Abstract - The performance of an optical switch based on Digital Optical Phase Conjugation (DOPC) is investigated. By 

numerical simulations using the Finite Difference Time Domain (FDTD) method, the operation of the optical switch is 

demonstrated, and Insertion Loss (IL) and Crosstalk (CT) are evaluated over a range of wavelengths for both Transverse 

Electric (TE) and Transverse Magnetic (TM) polarizations. The switch is designed utilizing the DOPC technique and 

incorporates a Multimode Interferometer (MMI) coupler and Distributed Bragg Gratings (DBG) mirrors/filters. Simulation 

results reveal that these switches exhibit wide bandwidth, low polarization-dependent loss, and compact size. The minimum 

insertion loss and crosstalk for a single-wavelength switch are 0.45 dB at 1560 nm and -17.5 dB, respectively. For a forward 

DOPC switch, these values are 0.64 dB and -16.5 dB at 1550 nm. The switch is wavelength selective, with performance limited 

by the selectivity of the DBG filter, which must have a narrow bandwidth of 0.8 nm for the Dense Wavelength Division 

Multiplexing system. 

Keywords - Optical switch, Digital Optical Phase Conjugation, Finite difference time domain. 

1. Introduction 
Due to the invention of low-loss optical fibers [1], 

optical amplifiers [2], and Dense Wavelength Division 

Multiplexing (DWDM) technologies [3], the transmission 

capacity of optical communication systems has reached 

unprecedented levels [4]. However, this progress has shifted 

the primary bottleneck from the transmission medium to the 

switching functionalities at the network nodes. Traditional 

switching architectures rely on Optical-to-Electrical-to-

Optical (OEO) conversions, introducing latency, increased 

energy consumption, and limited scalability- particularly 

problematic in data centers and high-performance computing 

environments where bandwidth demand continues to grow 

due to emerging technologies such as Artificial Intelligence 

(AI), cloud computing, and real-time analytics [5-8]. Optical 

switching has become a crucial technology to overcome 

these limitations by enabling signal routing entirely in the 

optical domain. This eliminates the need for OEO 

conversions and allows network operations to remain within 

the optical layer, thereby preserving transmission speed, 

reducing energy consumption, and supporting protocol 

transparency. Despite extensive development of various 

optical switch architectures-including those based on 

directional couplers, microring resonators, and Mach-

Zehnder interferometers-no existing solution fully satisfies 

the combined requirements of low Insertion Loss (IL), low 

Crosstalk (CT), large bandwidth, polarization insensitivity, 

compactness, and scalability [9-11]. Although the concept of 

an optical switch based on the Digital Optical Phase 

Conjugation (DOPC) technique [12-15] was introduced in 

2013 [16, 17], its performance characteristics have not yet 

been investigated in detail to establish its suitability in 

practical systems. While initial studies highlighted its 

conceptual feasibility and potential advantages- such as 

polarization independence and wavelength selectivity- a 

thorough analysis of performance metrics such as Insertion 

Loss (IL) and Crosstalk (CT) remains lacking in the 

literature. This article addresses that gap by presenting an in-

depth performance study of the DOPC-based optical switch 

through numerical simulations. The main objective is to 

comprehensively evaluate this switching architecture, 

offering valuable insights for system designers and 

researchers seeking alternatives to conventional integrated 

optical switches. The study begins by recalling the working 

principle of the DOPC-based switch, especially for readers 

unfamiliar with previous works. The analysis then focuses on 

the computation of insertion losses and crosstalk over a wide 

range of wavelengths and for both TE and TM polarizations, 

thereby evaluating the switch's sensitivity to polarization. 

This information is essential for assessing the practical 

relevance of the DOPC-based switch and comparing it 

against other existing architectures [18-23]. The design relies 

on Distributed Bragg Gratings (DBGs) [24] or Distributed 

Bragg Reflectors (DBRs) to achieve wavelength-selective 
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reflection. At the same time, phase modulators are employed 

to direct the reconstructed optical field toward the desired 

output ports. The switch is integrated with a Multimode 

Interference (MMI) coupler to decompose and recombine the 

optical field, enabling compact and stable signal routing [25-

27]. This article is structured as follows: Section 2 describes 

the materials and methods, beginning with the structure and 

operational principle of a DOPC-based optical switch for a 

single wavelength, followed by a detailed performance 

evaluation, including insertion loss and crosstalk analysis. 

The next subsection examines the design and functionality of 

a wavelength-selective DOPC-based switch, while a 

subsequent part introduces the concept and simulation of 

forward DOPC-based switching. Prior to the conclusion, 

Section 3 presents a comprehensive discussion of the 

simulation results, emphasizing key observations, potential 

enhancements, and the broader implications for integrated 

photonic switching architectures. 

2. Materials and methods 
2.1. Single Wavelength DOPC-based Optical Switch 

2.1.1. The Switch Structure and Switching Principle 

Figure 1 provided a detailed design for demonstration 

purposes. The DOPC-based switch comprises a 4×4 MMI 

connected via tapers to 4 single-mode waveguides, phase 

modulation elements P and DBG reflectors. The length of the 

designed MMI is L=315.29 µm, and the width is W=12 µm. 

The cores of all the single-mode waveguides are wc = 0.64 

µm wide. They are separated by d=3 µm. The parameters of 

the tapers on the left side are lt1=6 µm and wt1=1.5 µm, while 

on the right side, they are lt2=19 µm and wt2=1.8 µm. The 

role of a taper is to minimize the loss caused by a bad self-

image. On the right side, the taper is longer to get rid of other 

excited modes. The length of the phase shift element and 

DBR mirror are lp=80 µm and lm=50 µm, respectively. The 

total height of the cladding is 2×cl=4 µm.  

When a light signal is input from the uth waveguide at 

the left side of an MMI, like in the structure in Figure 1, it 

creates fields with phases Φ𝑟𝑖𝑔ℎ𝑡
𝑢   at the right side. If the 

phases Φ𝑟𝑖𝑔ℎ𝑡 
𝑢 are set to their conjugation Φ𝑟𝑖𝑔ℎ𝑡

𝑢̅̅ ̅̅ ̅̅ ̅̅  by optical 

phased conjugate reflection with the aid of elements P and 

DBG, the light signal would return to the uth waveguide due 

to the reciprocity of an optical path. A light signal inputted 

from the vth waveguide at the left side might be reflected 

back following the same principle. To switch the light signal 

from the uth to the vth port, we need only to add a phase 

modulation. ΔΦ𝑢,𝑣 to Φ𝑟𝑖𝑔ℎ𝑡
𝑢̅̅ ̅̅ ̅̅ ̅̅  to make it equal Φ𝑟𝑖𝑔ℎ𝑡

𝑣̅̅ ̅̅ ̅̅ ̅̅
 

as 

indicated by the equation,  

Φ𝑟𝑖𝑔ℎ𝑡
𝑣̅̅ ̅̅ ̅̅ ̅̅ = Φ𝑟𝑖𝑔ℎ𝑡

𝑢̅̅ ̅̅ ̅̅ ̅̅ + Δγ𝑢,𝑣                                   (1)  

Where Δγ𝑢,𝑣 = [γ̅1,𝑣 − γ̅1,𝑢, γ̅2,𝑣 − γ̅2,𝑢, … , γ̅𝑛,𝑣 − γ̅𝑛,𝑢] 

Under the control of digitally generated voltage, the 

refraction index of electro-optical material on each 

waveguide at the right side can be precisely adjusted by an 

amount of Δnk such that the condition of Equation (1) is 

satisfied, which yields. 

 2𝜋

𝜆𝑚
Δ𝑛𝑘(2𝑙) = γ𝑢,𝑘̅̅ ̅̅ ̅ − γ𝑢,𝑘                           (2) 

Where λm is the wavelength of the light signal, 𝑙  the 

length of the P element, Δ𝑛𝑘 
the refractive index variation in 

the kth waveguide due to electro-optic effect, k = 1,2,…, B. 

The Right Hand Side of Equation (2) expresses the 

difference between the conjugate phases of the light field 

from the vth waveguide and the phase of the light field from 

the uth waveguide in the single mode waveguide k. With the 

designed switch in Figure 1, the phase in each single-mode 

waveguide at the right side was calculated using Equation (3) 

[25]. Phase data are needed to determine how phase 

modulation will be done for a desired switching. Calculated 

refractive index shifts, Δnk were deduced from Equation (2). 

The calculated phase shifts are for switching light signals 

from port 4 to ports 1, 2 and 3, respectively. The length of 

the phase modulation section is set as 80 μm to keep the 

refraction index change Δnk needed to produce 2π phase 

modulation at the order of 10-3  

γ𝑢,𝑘 =

{
 
 

 
 

𝜋

4𝑁
(𝑘 − 𝑢)(2𝑁 − 𝑘 + 𝑢) + 𝜋  

𝑖𝑓  𝑢 + 𝑘  𝑖𝑠 𝑒𝑣𝑒𝑛
𝜋

4𝑁
(𝑢 + 𝑘 − 1)(2𝑁 − 𝑢 − 𝑘 + 1) 

 𝑖𝑓  𝑢 + 𝑘   𝑖𝑠 𝑜𝑑𝑑

                   (3) 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
  Fig. 1 Structure of a DOPC-based optical switch
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2.1.2. Performance Analysis 

Before addressing the key performance parameters of 

optical switches, it is important to emphasize that the chosen 

switching scheme strongly influences overall performance. 

In addition to the basic characteristics discussed in the 

previous section, scalability and fabrication tolerance must 

also be considered. Scalability refers to the ability of a 

switching architecture to accommodate an increasing number 

of ports within an optical path, which is essential for high-

capacity routing systems. It is not a single, easily quantifiable 

parameter but rather a multifaceted property influenced by 

factors such as insertion loss, extinction ratio, device 

footprint, power consumption, physical size, and cost. 

Fabrication tolerances are equally critical during the 

manufacturing process and under operational conditions. 

Geometrical precision during fabrication significantly 

affects device performance. Previous studies have shown that 

Multimode Interference (MMI) devices offer high tolerance 

to fabrication errors [25]. Given this advantage, the DOPC-

based optical switch described in this work is designed using 

an MMI coupler to benefit from its inherent robustness and 

tolerance. The switch will then benefit the general 

advantages of MMI devices, including fabrication tolerance. 

Operation tolerances relate to the device performance when 

changes in the wavelength, polarization, temperature, input 

field distribution or refractive index occur. Operation 

tolerance and control technology are dependent on the 

material used. In the performance analysis, particular 

attention is given to the most critical parameters commonly 

used to evaluate optical switches, Insertion loss is defined as 

the ratio of light power Poutput in the desired output 

waveguide to the light power Pinput in the input waveguide 

namely Insertion Loss (IL), Crosstalk (CT), bandwidth, and 

Polarization-Dependent Loss PDL).  

  𝐼 = −10log (
𝑃𝑜𝑢𝑡𝑝𝑜𝑢𝑡

𝑃𝑖𝑛𝑝𝑜𝑢𝑡
) = −10𝑙𝑜𝑔 (

𝐸𝑜𝑢𝑡𝑝𝑢𝑡
2

𝐸𝑖𝑛𝑝𝑢𝑡
2 )      (4)                      

Where Eoutput and Einput are field amplitudes in output and 

input ports, respectively. The CT, which is the ratio of light  

power Pundesired in the undesired waveguide to the light power 

Pdesired in the desired waveguide, is expressed in Equation (5). 

𝐶𝑇 = 10log (
𝑃𝑖𝑛𝑑𝑒𝑠𝑖𝑟é𝑒

𝑃𝑠𝑜𝑢ℎ𝑎𝑖𝑡é𝑒
) = 10log (

𝐸𝑢𝑛𝑑𝑒𝑠𝑖𝑟𝑒𝑑
2

𝐸𝑑𝑒𝑠𝑖𝑟𝑒𝑑
2 )     (5) 

Loss (IL), Crosstalk (CT), bandwidth, and Polarization-

Dependent Loss (PDL).  where Eundesired and Edesired are field 

amplitudes in undesired and desired waveguides, 

respectively. Figure 2 illustrates Finite Difference Time 

Domain (FDTD) [28-30] simulations of DOPC-based 

switching for one working wavelength λ=1550 nm. The right 

arrow indicates the input direction, and the left arrow 

indicates the output. The guiding core has 3.39 as its 

refractive index, while the cladding has 3.17. The size of the 

switch is 500 µm×16 µm, as it is indicated in the figure. As 

shown in Figure 2 (a), TE mode light signals inputted in port 

4 were switched to port 1. In Figure 2(b), the input light 

signal was set in TM mode to check polarisation dependence, 

and it was successfully switched to port 1, the same as in TE 

mode.   Based on simulations in Figure 2, such performances 

as IL, CT and polarization sensitivity for the device were 

calculated with Equation (4) and Equation (5) for IL and CT, 

respectively. In Table 1, the slight difference between the 

two polarizations in IL and CT indicates that the device has a 

low polarization dependency. Actually, Polarization-

independent operation is possible by designing at an 

intermediate length at the price of a small loss increase. B. 

Lucas et al. [25] have discussed these issues for MMI 

devices, and the conclusion is the same: MMI-based devices 

have low polarization dependence. IL and CT were 

calculated for output ports 2 and 3, as illustrated in Figure 2 

(c), and TE mode. As values in Table 1 indicate, the IL is 

less or equal to 1dB. The CT varies between -19 dB to -12 

dB for TE mode.  

The CT to port 4 needs special treatment because the 

light field is reflected to the source. So, an antireflection 

should be used between the switch's source and input port. 

For more bandwidth checks of the device, one wavelength 

was set at the lowest possible wavelength of λ1=1537nm. The 

condition of a single-mode waveguide determines this 

wavelength. Below 1537 nm, our waveguides designed for 

in/output become multimode. Another wavelength was set at 

the largest possible wavelength of λ2=1586nm. The MMI 

coupler was designed for 1550 nm. The length of an MMI is 

wavelength dependent, so above 1586 nm, the self-images 

are not formed at the desired length. This results in 

reflections leading to high IL and CT. Therefore, the device 

exhibited a bandwidth of 49 nm. With a bandwidth of 49 nm, 

one switch based on DOPC can handle about 61 wavelengths 

with a gap of 0.8 nm for DWDM application. The analysis of 

Insertion Loss (IL) and Crosstalk (CT) for the DOPC-based 

optical switch, as given in Figures 3 and 4, highlights its 

robust performance and suitability for optical communication 

systems. Insertion Loss (IL): The switch exhibits low IL in 

the operational wavelength range (1540–1570 nm), with 

values below 2 dB for both TE and TM modes in the central 

wavelength region (~1550 nm). In addition, the IL increases 

at the spectral edges, indicating some wavelength 

dependence, but remains within acceptable limits for 

practical applications. Finally, the low polarization 

dependence suggests that the switch maintains efficient 

signal transmission for different polarization states.  

Crosstalk (CT): The switch demonstrates low crosstalk, 

with values consistently below -10 dB, ensuring minimal 

signal leakage between ports. TE mode generally exhibits 

better isolation than TM mode, though the difference remains 

moderate. Crosstalk slightly increases at longer wavelengths 

(>1560 nm), which could be attributed to modal dispersion 

or coupling inefficiencies. 
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Fig. 2 Switching of one wavelength λ=1550 nm using an optical switch based on DOPC: (a) TE mode from port 4 to 1, (b) TM mode, (c) TE mode 

from port 4 to 2 and (d) TM mode from port 4 to 2. 

Table 1. DOPC OS performance for λ=1550 nm 

Switched from input 

port 4 to port j 

 

IL (dB) 

CT(dB) 

Output port 1 Output port 2 Output port 3 Input port 4 

1 
(TM) 1.002  -13.560 -13.628 -18.884 

(TE) 0.961  -12.15 -11.92 -15.12 

2 (TE) 0.9345 -16.455  -12.497 -16.692 

3 (TE) 1.0288 -14.388 -15.820  -16.625 
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Fig. 3 DOPC-based Optical Switch IL per wavelength for TE and TM modes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                    Fig. 4 DOPC-based Optical Switch CT per wavelength for TE and TM modes 
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2.2. DOPC-based Wavelength Selective Optical Switch 

In wavelength-selective DOPC-based optical switching, 

it is essential to address two key requirements: (1) 

performing DOPC switching independently for each 

wavelength and (2) preventing the switching of one 

wavelength from interfering with the propagation of others. 

To satisfy the first requirement, the design shown in Figure 5 

includes the elements Pm and DBGm, which are responsible 

for executing DOPC individually for each wavelength λm, 

following the same principles described in previous 

subsections. To fulfill the second requirement, a 

complementary phase modulation element is introduced to 

eliminate cross-interference between wavelength channels 

and ensure proper isolation during switching operations CPm 

with the same length of Pm for wavelength λm. Without CPm, 

switching one wavelength λm will change the phases of all 

the unselected wavelengths that pass through DBGm because 

they will also   experience the phase modulation described by 

Equation (2) for all waveguides k at the right side. As a 

result, every time wavelength λm was switched, the 

unselected wavelengths that pass through DBGm would all be 

affected. However, when CPm are added, each CPm can be 

made to produce a complementary phase modulation Δcnk so 

that, 
 2𝜋

𝜆𝑚
(Δ𝑛𝑘 + Δc𝑛𝑘)(2𝑙) = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡    (5) 

Now, all the wavelengths that pass through DBGm 

experience firstly a phase shift controlled by Δnk and then 

followed by a phase shift controlled by Δcnk. When Equation 

(5) is fulfilled, the total phase shift will be the same. In other 

words, all the wavelengths that pass through DBGm would 

behave as if they traveled an extended but identical length on 

every waveguide at the right side. Therefore, the switching of 

wavelength λm brings little influence to other wavelengths. In 

a word, independent multi-wavelength switching becomes 

possible with the help of complementary phase modulation 

elements. As explained above, for switching of one 

wavelength λm, a phase modulation section Pm, a DBGm and a 

complementary phase modulation section CPm are needed, 

which are all arranged on the straight waveguides on the 

right side. This serial arrangement brings two advantages. 

Firstly, the switch is nonblocking. Secondly, avoiding slow 

bends results in a compact size. In Figures 6 (a) and 6 (c), 

FDTD simulations illustrate the simultaneous switching of 

two wavelengths for TM and TE mode, respectively. The 

two wavelengths, 1565 nm and 1550 nm, are inputted in port 

4 and counted from down to top on the left side at the same 

time. They are switched to port 1 and port 2, respectively, 

exerting slight influence on each other owing to the 

compensation of the complementary phase modulation. Each 

of the Pm elements and the CPm has a length of 80 µm. The 

DBG filter has a length of 50 µm; its Bragg period is 0.2338 

µm long.  

The DBR mirror for the wavelength 1565 nm has the 

same length as the filter, and its Bragg period length is 

0.2386 µm. To check the influence of Pm and CPm and the 

DBR on the performance, the second wavelength was 

switched alone using the same device, same phase 

modulation and complementary phase modulation as in 

Figure 6 (a) and Figure 6 (c) but with another unprocessed 

wavelength. The simulations are illustrated in Figure 6 (b) 

and Figure 6 (d) for TM and TE mode, respectively. There is 

a high CT for TE for port 2. But this CT might come from 

wavelength λ1 because it was also reflected back by DBR but 

with wrong phase modulation. IL and CT are listed in Table 

4. IL and crosstalk values in Table 2 show that phase 

modulation, complementary phase modulation, and DBG 

filter have an influence on performance. IL increases 

compared to the single wavelength switch in the previous 

section. The first and 3rd rows in the same Table show 

polarization and filter effect, respectively. To identify the 

effect of the filter, the same device was used with filter and 

without in the second, respectively. In both cases, phase 

modulation and complementary phase modulation are 

maintained. It comes out that the effect is the DBG, which is 

most influential in the DOPC wavelength selective switch. 

Parameters in the third row in the table contain noises from 

the other wavelength. This is the reason why CT is high. 
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Fig. 6 DOPC-based simultaneous switching of two wavelengths λ1=1550 nm, λ2=1565nm TM (a) TE mode, (c) Single wavelength, λ2, passing through 

the filter, (b) without filter, and (d) for TM mode. 

 Table 2. Performance of WSS for wavelength λ2 =1565 nm 

Condition of switching 

 
IL(dB) 

CT(dB) 

Output port 4 Output port 3 Output port 2 

With P, CP and filter for λ1 (TM\ TE) 2.44\2.74 -13.75\-15.13 -10.79\-11.86 -11.62\-4.95 

With P, CP and without filter for λ1 (TM) 0.8766 -15.2331 -11.1646 -10.6585 

Simultaneously with λ1 (TM\ TE) 1.03\1.9 -9.54\-11.69 -6.25\-6.8 - 

 

A DOPC wavelength selective optical switch relies on a 

DBG filter for wavelength selective reflection. To maintain 

low IL and low CT, it is highly desired that a DBG reflect 

only one working wavelength and let all other working 

wavelengths pass. In a DWDM network, the channel space 

might be as small as 0.8 nm. So, DBG filters must be 

designed carefully to provide a narrow stop band. Details for 

the reflectance spectrum for 1550 nm working Bragg 

wavelength, DBG filter structure and spectrum for TE mode 

are provided in our previous work [13]. 

2.3. Forward DOPC-based Optical Switch 

As previously mentioned, DOPC enables field 

reconstruction in the backward direction, meaning both the 

input and output waveguides are positioned on the same side 

of the MMI. However, by introducing an additional MMI, as 

illustrated in Figure 7, DOPC can also be implemented in the 

forward direction. This design closely resembles an N×N 

MMI-Mach Zehnder Interferometer (MZI) switch, a structure 

that has gained significant interest due to the advantages of 

MMI technology, particularly for large-port optical switches 

[8]. The switching function is achieved through phase 

modulation, similar to the backwards-DOPC switch 

configuration. The key difference lies in the propagation 

length L of the phase shift section, which replaces 2L in 

Equation (2), while the indices u and v are counted in the 

same order, as shown in Figure 7. Unlike the backward 

DOPC switch, the forward DOPC configuration does not 

require Distributed Bragg Gratings (DBGs) for reflection or a 

Complementary Phase (CP) modulation mechanism. 

Consequently, this approach is limited to switching only a 

single wavelength at a time. The principle of DOPC in the 

forward direction has been demonstrated in previous work 

[12]. By directing the optical signal from a given input port 

to another port of the same number and applying appropriate 

phase modulation, the signal can be redirected to a desired 

output port. In this way, the switching function is 

successfully achieved. 
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Fig. 7 Forward DOPC-based OS structure 

Table 3. Forward DOPC-based optical switch IL and CT for TM mode and wavelength λ=1550 nm 

Switched from input port 4 to port j IL (dB) 
CT(dB) 

Output port 1 Output port 2 Output port 3 Output port 4 

1 0.7716 - -11.9003 -12.30 -15.08 

2 0.7526 -16.94 - -11.74 -12.73 

3 0.6490 -13.60 -21.25 - -13.86 

4 (TE/TM) 1.11/ 1.44 -10.73/-7.89 -12.97/-10.65 -13.55/-10.97 - 

 
Fig. 8 Forward DOPC-based OS switching for λ=1550 nm from port 4 to port 1 (a) TE mode, 2 (b) TM mode, 2 (c) and 4 (d) for TE mode. 
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Figure 8 illustrates FDTD simulations for the forward 

DOPC switch from port 4 to ports 1, 2 and 4 for a TE and 

TM polarized mode of wavelength 1550 nm. The length of 

the phase shifter is 80 µm. The in/output port order is 

counted in the same way: down to the top at both the left and 

right sides of the switch. Inversed order is for the in between 

waveguides. The arrows indicate the direction of the light 

signal propagation. The size of the switch is HMZ×WMZ=900 

µm×16 µm.The IL, CT and polarization dependence are 

shown in Table 3. Also, the forward DOPC-based switch 

exhibits low IL in the operational wavelength range (1550 

nm), with values below 1.5 dB for both TE and TM modes. It 

also demonstrates low crosstalk. Another advantage of this 

kind of switch is the possibility of having a switch with a 

large number of ports. 

3. Discussion 
The simulation results presented in Figures 2 and 8, 

along with the Insertion Loss (IL) and Crosstalk (CT) values 

calculated from the simulated data and summarized in Tables 

1, 2, and 3, as well as Figures 3 and 4, demonstrate that the 

proposed Digital Optical Phase Conjugation (DOPC)-based 

optical switch exhibits promising performance 

characteristics. With an Insertion Loss (IL) below 1 dB and 

Crosstalk (CT) levels as low as -17 dB, the switch maintains 

high signal integrity across a broad wavelength range. These 

results confirm the low-loss and low-noise operation of the 

device, which are essential metrics for practical deployment 

in optical networks. One of the key advantages of this switch 

lies in its integration into a photonic circuit, offering 

compactness, improved robustness, and scalability. Unlike 

free-space optical switches that often suffer from alignment 

issues, the integrated nature of the DOPC-based design 

minimizes mechanical instability and environmental 

sensitivity.  

Furthermore, thanks to the incorporation of Distributed 

Bragg Gratings (DBGs), the switch achieves wavelength 

selectivity, allowing individual wavelength channels to be 

routed independently an essential feature for Dense 

Wavelength Division Multiplexing (DWDM) systems. 

Compared to many conventional integrated optical switches 

such as those based on directional couplers or microring 

resonators which often exhibit polarization sensitivity, 

wavelength-dependent performance, or losses due to 

waveguide bends, the DOPC-based switch demonstrates low 

polarization dependence. This feature is critical for 

maintaining consistent performance regardless of signal 

polarization, reducing the need for complex polarization 

management. To obtain such results, certain design 

conditions must be carefully met. The Multimode 

Interference (MMI) coupler must be precisely designed so 

that output ports coincide with the self-imaging positions of 

the input field. Additionally, the transition from the MMI 

region to the single-mode output waveguides should be 

optimized using tapered structures, which help reduce mode 

mismatch and minimize insertion loss. Similarly, the DBGs 

must strictly satisfy the Bragg condition—i.e., the period of 

the grating must match the desired reflection wavelength 

according to λ = 2nΛ—to ensure efficient wavelength-

selective reflection without introducing excess loss or 

spectral distortion. Moreover, the DOPC architecture allows 

multi-wavelength operation by replicating each wavelength's 

conjugation and filtering structure. This flexibility gives the 

switch an edge over other fixed or narrowband switching 

mechanisms. 

4. Conclusion 
This study investigated the performance of an optical 

switch based on Digital Optical Phase Conjugation (DOPC). 

This technique does not use nonlinear materials and enables 

precise control of optical wavefront reconstruction. By 

integrating this principle with a Multimode Interference 

(MMI) coupler and Distributed Bragg Grating (DBG) filters, 

the switch achieves low insertion loss, minimal crosstalk, 

and reduced polarization sensitivity, all within a compact 

integrated structure. The switch demonstrated efficient signal 

routing across multiple wavelengths through numerical 

simulations using the Finite Difference Time Domain 

(FDTD) method, confirming its potential for Dense 

Wavelength Division Multiplexing (DWDM) applications.  

The results highlight that the switch demonstrates 

reliable and scalable performance with an optimized MMI 

design, ensuring self-imaging and proper tapering and the 

accurate DBG design fulfils the Bragg condition. Compared 

to conventional integrated and free-space switches, the 

DOPC-based solution offers significant advantages in terms 

of wavelength selectivity, polarization independence, and 

integration potential, making it particularly suited for high-

capacity, low-latency optical networks, such as those 

required in AI-driven data centres and on-chip photonic 

systems. Future work may explore experimental validations 

and integration with control electronics to fully realize the 

practical potential of DOPC-based photonic switching 

platforms. 
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