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1. Introduction 

Thin-film lithium niobate (TFLN) is currently emerging as 

a popular photonic integration circuit (PIC) platform for its 

versatile material superiorities[1]. Diverse performant de-

vices have been demonstrated in the TFLN PICs, such as 

modulators[2] and passive devices[3]. While polarizer is a 

fundamental building block for the PICs, it is not a trivial to 

realize it in the TFLN PICs attributed to the birefringence 

of the material (X-cut TFLN) and the temporarily unavoid-

able slant sidewalls of the TFLN waveguide. TFLN wave-

guide polarizers have been experimentally realized using 

long period gratings[4] or Eule bends[5] showing extinction 

ratios (ERs) of ～20 dB and losses of ～1.5 dB. In this 

work, we demonstrate TFLN polarizers using an S-bend 

waveguide where TM modes are leaked out, exhibiting 

ERs～50 dB and losses～0.4 dB. 

 

2. Design and measurement 

 

       illustrates the structure of the proposed TFLN polarizer, 

where the commonly used ridge TFLN waveguide is em-

ployed with both the slab and ridge parts being 150 nm 

thick. The waveguide is initially tapered down from a 1.5-

μm width to a 0.6-μm width and then successively connect-

ed to two 180˚ bend waveguides. As the transverse-

magnetic (TM) mode is weakly confined in the 0.6-μm-

wide TFLN waveguide, it is easily leaked out to the silica 

substrate and the PMMA cladding. However, the trans-

verse-electric (TE) mode can transmit through the S-bend 

waveguide with low loss. By adjusting the widths and the 

bending radii of the S-bend waveguide, it is possible to 

achieve TE-pass polarizers with large ERs and low losses. 

As depicted in Fig. 2, FDTD simulations suggest that 

with a sufficiently large bending radius (e.g., >40 μm), the 

polarizer's TE mode loss can be negligible. Conversely, the 

TM mode experiences increasing loss with larger bending 

radii, as even at 100 μm, the S-bend waveguide weakly 

confines light, and the total loss depends primarily on the 

S-bend waveguide's total length. Fabricated polarizers were 

measured using an O-band laser, with grating couplers as 

the interface with the fiber. The results, shown in Fig. 3, 

generally align with the simulations. For a polarizer with a 

100-μm S-bend waveguide radius, the ERs exceed 50.6 dB 

and insertion losses are below 0.4 dB around a 1310 nm 

wavelength. Fabrication uniformity issues between the grat-

ing couplers for the polarizers and the straight waveguides 

for normalization posed some challenges. Extracting the 

bandwidth in terms of insertion loss was not straightfor-

ward. Nonetheless, the ERs generally exceed 30 dB for 

wavelengths from 1260 nm to 1340 nm. 

3. Conclusion 

In conclusion, polarizers using an S-bend waveguide 

have been demonstrated for TFLN photonic circuits. The 

outstanding performances will potentially benefit many 

applications where pure polarization is required. 
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Fig. 3. Measured transmissions for the TFLN polarizers 

with an S-bend waveguide. (a) TE mode. (b) TM mode. 

Fig. 1. Simulated transmissions for the TFLN polarizers 

with an S-bend waveguide. (a) TE mode. (b) TM mode. 

Fig. 2. 3D schematic of the proposed TFLN polarizer using 

an S-bend waveguide. Insets are for light propagations. 
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1. Introduction 

Silicon on Insulator (SoI) technology has tantalized the 

photonics world in terms of integrated device modeling 

encountering with numerous applications. Many gas sensors 

can be designed using SoI technique with lower scaling factor 

and higher operational speed [1]. The emission of Carbon 

dioxide is a natural process but excess emisson is a result of 

burning of fossil fuels, deforestation, increase in the use of 

automobiles [2]. People who work in automobile industries 

more likely face the respiratory problems, dizziness etc. To 

address these issues a gas sensor is designed to detect the excess 

of emitted CO2. In this manuscript an approach to sense CO2 

gas using microring racetrack resonator is demonstrated. The 

sensing analysis is done on the basis of change in the refractive 

index (RI) in the cavity region which will result in the envelope 

spectrum shift. 

2. Structure and Sensing Methodology 
The 3D schematic for CO2 sensing is represented by Fig 1, 

where Pin is used to inject optical power and Pout is used for the 

transmittance spectrum. The materials used in the design of 

optical ractetrack resonator are silicon (Si) as guiding material, 

silicon dioxide (SiO2) as substrate and cladding as a gas 

chamber. The refractive index of Si and SiO2 is calculated using 

Sellmeier’s equation [3]. The RI of CO2 is 1.489 [4]. The width 

and height of Si is represented by x and y axis as shown Fig 1, 

which are 400 nm and 220 nm [5], [6]. For ease of simulation 

the coupling gap between straight waveguide and racetrack 

waveguide is 100 nm, the ring radius is 5 µm and the coupling 

setion inserted between the splitted ring is of 9.7 µm. The 

operational wavelength range is from 1350 nm to 1850 nm. 

 
Figure 1. 3D schematic of Micro Racetrack Resonator for CO2 gas sensing 

For CO2 sensing a gaseous chamber of glass is made for the 

concentration of air volume fraction. When the ppm in the 

gaseous chamber exceeds (concentration of CO2 gas), the 

envelope spectrum of the optical racetrcak resonator shifts from 

the referenced envelope spectrum. The RI of different 

percentage by volume of CO2 – air mixture is obtained by 

Lorentz-Lorenz mixing rule [7].  

3. Result and Discussion 

The output obtained from the optical racetrack resonator is 

shown in Fig 2 expressed in the form of power  transmittance. 

The envelope spectrum for SiO2 and CO2 gas sensor shows the 

shift in the wavelength. To get the shifted spectrum, the 

refractive index of CO2 gas is replaced with SiO2, in the clading 

region of the racetrack waveguide. The sensor envelope 

spectrum shows the shift of 29.21 nm from the reference 

envelope spectrum. The sensitivity of the gas sensor is the 

fraction of change in resonanace wavelength by the change in 

the refractive index expressed in nm/RIU mentioned in 

equation 1.  

                                   S = 
∆𝜆𝑐

∆𝑛
 𝑛𝑚/𝑅𝐼𝑈  (1) 

 
Figure 2. Envelope Spectrum for CO2 gas sensor referenced with the silica 

glass cladding 

4. Conclusion 

A gas sensor is designed using optical racetrack resonator for 

1350 nm to 1850 nm wavelength range. The practical 

application of CO2 gas sensor is utilized at the industrial places 

where carbon emission poses the risk for the human health. The 

sensitivity obtained is 595.88 nm/RIU with a shift of 29.21 nm. 
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1. Introduction 
There have been various studies on the racetrack ring 
resonators, which aimed to calculate various resonators 
parameters, Free Spectral Range (FSR), Full Width at Half 
Maximum (FWHM), Finesse (F), Quality (Q) factor [1], and 
Sensitivity. Optical Resonators have numerous applications in 
Photonic Integrated Circuits (PIC), from Optical filters to 
Sensors [2], Switches [3], Lasers [4], Modulators [5], 
Multiplexers [6]. In this research article, an optical Racetrack 
Ring Resonator (RTRR) is proposed as a band pass filter and 
the effect of ring radius (R) is demonstrated to optimize the Q-
factor for bandpass filter (BPF) applications. The wavelength 
band for the study of band pass filter ranges from 1300 nm to 
1900 nm. 
2. Structure and Methodology 
The RTRR is based upon the Silicon on Insulator (SoI) 
technology, in which a racetrack structure of Silicon material 
(Si) is mounted over a dielectric substrate, silicon dioxide 
(SiO2) as illustrated by Fig. 1. To design a RTRR, a ring of ‘R’ 
radius is splitted into two equal halves and a coupling section 
of 9.77 µm is inserted. For Quasi TE [7] wave propagation, 
RTRR uses two straight waveguides and a racetrack waveguide 
and the gap between them is 100 nm. To design such optical 
resonators, the dimensional sizes of silicon wafers uses the 
cross section of 400 nm×220 nm [8].  For the study of Q-factor, 
R is varied as 1 µm, 2 µm, 5 µm and 10 µm.      

 
Fig. 1. 3D schematic of Racetrack Ring Resonator 

Transverse Electric (TE) power propagates through the 
rectangular waveguide's input port Pin. The power injected 
through Pin gets coupled to the racetrack waveguide and 
circulates in it. Then power recouples to the upper straight 
waveguide and output is taken from Pout in the form of 
transmittance spectrum as shown in Fig. 2 and Fig. 3.  
3. Result and Discussion 
The RTRR with different R (1 µm, 2 µm, 5 µm and 10 µm) is 
analyzed using finite element method (FEM). The results 
shown in Fig. 3 illustrates that on increasing R values the 
envelope spectrum shifts, the number of resonance notch 
increases, and the spectrum becomes more compressed, which 
results in the decrease of FSR and FWHM along with the blue 
shift. To examine the impact of R, the Q-factor is computed in 
terms of central wavelength (λc) and FWHM, using the 
following formula.              

                          Q =  𝜆𝜆𝑐𝑐
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹     (1) 

 
Fig. 2. Power propagation in RTRR 

 
Fig. 3. Transmittance for R = (a) 1 µm; (b) 2 µm; (c) 5 µm; and (d) 10 µm 

4. Conclusion 
In this research work, the RTRR based filter has Q-factor of 
7.304, 7.439, 7.616, 7.969 for R = 1 µm, 2 µm, 5 µm and 10 
µm, respectively. The Q factor listed are not significantly varied 
on increasing R, but other dimensional parameters (i.e. ‘cs’ and 
gap) may have considerable impact on Q-factor. Hence, the 
proposed RTRR can be significantly utilized as an BPF. 
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1. Introduction 

The rapid advancement of artificial intelligence 

has led to substantial progress in various fields with 

deep neural networks (DNNs). However, complex 

tasks often require increasing power consumption and 

greater resources of electronics. On-chip optical 

neural networks (ONNs) are increasingly recognized 

for their power efficiency, wide bandwidth, and 

capability for light-speed parallel processing. In our 

previous work [1], we proposed on-chip diffractive 

optical neural networks (DONNs) to offer the 

potential to map a larger number of neurons and 

connections onto optics. To further improve the 

computational density and integration level, we 

proposed ultra-compact DONNs designed with the 

structure re-parameterization algorithm [2] and 

experimentally verified their performance [3], which 

increased the computational density by more than an 

order of magnitude. 

 

2. Structure design and numerical modeling 

The DONN chips developed consist of metalines, 

which represent the hidden layer of a neural network. 

These metalines consist of slots filled with SiO2, 

serving as trainable parameters, optimized in the 

training process. To accurately model the propagation 

process in the metaline, slot groups and extra length 

between adjacent layers are utilized, resulting in 

the relatively large chip scale [1]. 

Given the challenges in directly modeling 

on-chip DONNs, particularly in accurately depicting 

the interaction between the silicon slots and the 

optical field, a deep complex neural network (DCNN) 

is employed to simulate the complex interactions in 

each metaline. Consequently, this approach allows 

for a precise numerical representation of the on-chip 

light propagation [2]. The architecture of the DONN 

with two hidden layers is illustrated in Fig. 1(a) and 

the modeling process is depicted in Fig. 1(b). The 

dimensions of the structure are set to 53 um in length 

and 30 um in width, with distance between adjacent 

layers set as 15 um. The input and output layers 

consist of four input straight waveguides and three 

output taper waveguides, respectively. As a proof of 

the design method, the chip was fabricated based on 

the SOI platform. The SEM images in Fig. 1(c) 

illustrates the on-chip DONN with 2 hidden layers 

and diffractive units. The experimental result of the 

chip revealing an accuracy of 93.3% in Iris plants 

dataset, aligning with numerical predictions [3]. 

Fig. 1. (a) The architecture of the DONN. (b) 

Numerical modeling on structure re-parameterization 

algorithm. (c) SEM images of the DONN chip with 2 

hidden layers and diffractive units. 

 

3. Conclusions 

In summary, DONN has significant advantage in 

mapping a large number of connections and trainable 

parameters on chip, allowing for passive computing 

on a compact structure. Furthermore, with utilization 

of the structure re-parameterization algorithm, we can 

greatly improve the parameter integration while 

achieving computational density of 18.6 POPS/mm2. 
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Silicon photonics-based beam scanning technology is expected to be introduced into short-distance 

free-space optical (FSO) communication applications such as inter/intra rack communications in data 

centers and indoor mobile communications in beyond-5G mobile communications [1]. In this report, we 

present our recent work about a broadband two-dimensional (2D) Si beam scanning device shown in Fig. 1 

that integrates 128-port three-dimensionally-structured optical surface couplers known as “elephant 

couplers”[2-4]. This device can realize high-capacity FSO signal transmission by introducing 

wavelength-division multiplexing (WDM) technology. The fabricated device shows a fiber-to-fiber 

insertion loss of 5.6 dB and a 1-dB spectrum bandwidth of 40 nm. We obtained a beam scanning operation 

with the scannable beam-angle range and the resolution range of 5.3 deg × 2.5 deg and 0.35 deg × 0.36 deg, 

respectively, by introducing a commercial imaging lens. Using this system, we have demonstrated FSO 

transmission of a 10 Gbps non-return-to-zero on-off-keying signal successfully within a wavelength range 

from 1530 to 1590 nm with a fixed receiver position as shown in Fig. 2. 

  

Fig. 1 Schematic images of silicon beam scanner.        Fig. 2 FSO signal transmission 
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1. Introduction 
Metasurfaces, recognized as subwavelength antenna 
collections, offer many possibilities for managing 
electromagnetic waves and streamlining the dimen-
sions and intricacy of electromagnetic apparatus. 
These structures can govern diverse aspects of elec-
tromagnetic waves, encompassing amplitude, wave-
length, polarization, phase, orbital angular momen-
tum, and more. Multilayer meta-devices provide a 
greater degree of freedom to manipulate the light and 
have a better ability to perform various functions. In 
this thesis, various multilayer meta-devices have been 
systematically developed for advanced functions and 
applications, such as 6G communications, chiral im-
aging, and light field control for other advanced ap-
plications. 
 
2. Methods and results 
The polarization of light serves as a valuable infor-
mation channel extensively explored in optical de-
vices. We present an experimental demonstration of a 
chiral imaging meta-device featuring extensive area 
coverage and broadband chirality control, achieved 
through applying nanoimprint technology to create a 
centimeter-scale Moiré meta-device, as shown in Fig. 
1(a) [1]. Tunable Airy beams with controllable prop-
agation trajectories have garnered widespread interest 
in various fields. We present a novel method utilizing 
a dual metasurface system to overcome these limita-
tions and significantly enhance the practical potential 
of the Airy beam, as shown in Fig. 1(b) [2]. 
Sixth-generation communication technology is cur-
rently undergoing active development, with expecta-
tions of surpassing its fifth-generation predecessor in 
speed and performance. To comprehensively govern 
the propagation direction and coverage area of te-
rahertz beams, we have devised meta-devices featur-
ing synthetic phase designs of rotary doublet Airy 
beams and triplet Gaussian beams with adjustable 
focal properties, as shown in Fig. 1(c) [3]. Our ap-
proach involves encoding a cubic phase profile and 
two off-axis Fresnel lens phase profiles across the 
two metasurfaces. Validation of the proposed strategy 
is achieved through simulation and experimental re-
sults. The proposed meta-device effectively addresses 
existing limitations and lays the foundation for ex-
panding the applicability of Airy beams across di-
verse domains, including light-sheet microscopy,  

 
 
laser fabrication, optical tweezers, and beyond. 

 
Fig. 1. (a) Chiral imaging meta-device, (b) Miniature 
tunable Airy beam optical meta-device,（c）A 6G 
meta-device for 3D varifocal 
 
3. Conclusions 
In summary, the exploration of metasurfaces and me-
ta-devices in this thesis uncovers innovative possibil-
ities, ranging from precise control over EM waves to 
communication, imaging, sensing, and beyond appli-
cations. The advancements presented hold significant 
promise for shaping the future of EM devices and 
technologies. To envision a broader perspective, 
metasurfaces exhibit numerous advantages over con-
ventional devices, making them a promising avenue 
for developing new applications using established 
high-dimensional modulation principles. 
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We have proposed a solution for terahertz wave on-chip transmission [1], filtering [2], and polarization 

manipulation [3] with unprecedented performance based on the concept of effective medium [4]. The 

effective medium is realized by periodically perforating the silicon slab with a period in the deep 

subwavelength region. As a result, the effective medium can be treated as a homogenous material within the 

operation frequency range with a tailorable anisotropic permittivity tensor that is only mildly frequency 

dependent. The unique characteristics of the effective medium play a critical role in enhancing the 

performance of various terahertz integrated devices. In particular, the anisotropy of the effective medium can 

significantly increase the polarization extinction ratio (PER) for polarization beam splitters and rotators. This 

study mainly focuses on the impacts on PER of a terahertz integrated polarization rotator enabled by the 

effective medium. 

As shown in Figs. 1(a)-(b), the proposed polarization rotator consists of two inversely symmetric tapered 

cores based on silicon and effective medium, respectively. In-plane effective medium claddings are 

introduced to surround the cores, where the effective medium can be realized by creating holes in the silicon 

slab in a hexagonal lattice, as shown in Fig. 1(c). Given a perforation period of 100 μm, the anisotropic 

relative permittivities can be obtained based on Maxwell-Garnett's effective medium theory [4], and they 

decrease with the hole diameter increasing, as shown in Fig. 1(d). Blind holes realize the effective medium 

core to rotate the optical axis, while the claddings are through holes. Here, the effective medium core is 

designed with an identical permittivity with that of the upper claddings realized with a hole diameter of 90 

μ m. With such a configuration, the input mode with the 𝐸𝑦  polarization can be gradually rotated to its 

orthogonal counterpart after a sufficiently long conversion length based on the mode evolution theory. 

Notably, the lower cladding is introduced, which can vary the polarization states by changing its permittivity, 

leading to different PERs. As shown in Fig. 1(f), by gradually changing Δ𝑑, i.e., by reducing the hole size 

of the lower cladding, PER can be increased over the operation frequency range, where Δ𝑑 is defined as the 

difference in diameter of holes between the upper and lower claddings. This is mainly due to the optical axis's 

varying rotation angle determined by the asymmetric claddings' birefringence. The proposed method 

promises terahertz on-chip polarization control like half-wave and quarter-wave plates for free-space waves.   

This work was partly supported by JST CREST (JPMJCR21C4), the ARC Discovery Project (No. ARC 

DP220100489), and KAKENHI (24H00031). 
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Fig.1. (a) Top view and (b) cross-section (center) view of terahertz integrated polarization rotator based on 

artificial homogeneous material. (c) Magnified view of the hexagonal lattice of the realized effective-medium 

cladding. (d) Effective relative permittivity as a function of the air hole diameter of the realized effective 

medium in (c). (e) 3D view of an air hole in silicon with an indication of polarization. (f) Polarization 

extinction ratio of the polarization rotator with different configurations of the asymmetric claddings.       
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1. Introduction 
The use of wireless electronic devices, such as sensors, radar 
detectors and cell phones, has resulted in a complex electro-
magnetic (EM) environment that causes significant EM pol-
lution [1]. To avoid these, absorbers with effective EM atten-
uation are indispensable [13]. Within the context, func-
tional materials and structures having adjustable or adaptive 
absorption characteristics are of paramount importance to ef-
ficiently absorb EM radiation in challenging circumstances 
[46]. Frequency-tunable absorbers are commonly em-
ployed in microwave frequency bands. Herein, we present a 
multiband millimeter-wave absorber comprising a multi-
layer hybrid structure of graphene-copper-FR4-copper to 
achieve multiband frequency-tunable millimeter-wave ab-
sorption. We emphasize on the theoretical framework, de-
sign methodology, and results based on simulations. 
 
2. Device Modelling and Theory 
Figure 1a illustrates the schematic of the absorber, which 
consists of a patterned graphene and copper layers, which are 
isolated by the PET dielectric medium. The structure is 
backed by a copper layer (of thickness slightly greater than 
the skin depth) acting as a reflective ground plane. Also, the 
FR4 dielectric substrate is placed between the patterned cop-
per layer and the copper ground plane. We choose the unit 
cell size to be p = 2.5 mm (fig. 1a). Figure 1b depicts the 
cross-sectional side view of the structure. In the design, the 
patterned graphene and copper have the same period as the 
unit cell structure. Also, the side lengths and strip widths of 
the patterned graphene and copper are identical, with their 
respective values as l = 1.5 mm and w = 0.2 mm (fig. 1a). 

 
Fig. 1. Schematic of the multiband frequency tunable absorber; (a) top view, 
and (b) cross-sectional view. 

We investigate the spectral properties using the finite inte-
gration technique implemented in the CST Microwave Stu-
dio platform. The spectral absorption characteristics are de-
termined by 

𝐴ሺ𝑓ሻ ൌ 1 െ |𝑆ଵଵ|ଶ െ |𝑆ଶଵ|ଶ. (1) 
Since copper as the ground plane makes almost vanishing 
transmission (i.e., 𝑆ଶଵ ൎ 0), the absorptance will be 

𝐴ሺ𝑓ሻ ൌ 1 െ |𝑆ଵଵ|ଶ. (2) 
Thus, a single port network can be achieved with the input 
impedance 

𝑍௜௡ ൌ 𝑍଴ሺ1 ൅ 𝑆ଵଵሻ/ሺ1 െ 𝑆ଵଵሻ. (3) 

𝑍௜௡ is solely determined by 𝑆ଵଵ, and as 𝑆ଶଵ ൎ 0, the imped-
ance matching condition, given by [𝑅𝑒ሺ𝑍௜௡ሻ ൌ 𝑍଴ ൌ 377Ω,
𝐼𝑚ሺ𝑍௜௡ሻ ൌ 0], is achieved. This condition marks the point 
where the nearly perfect absorption occurs. 
 
3. Results and Discussion 
Figure 2 illustrates the plots of reflection coefficients 𝑆ଵଵ 
for different values of graphene surface impedance. The sim-
ulated results exhibit shifts in reflection minima in three sub-
bands (75.581GHz, 8893GHz, and 101.8106.5GHz) 
within the W-band as the graphene surface impedance varies 
from 1000 Ω/Sq to 180 Ω/Sq. Notably, the reflection minima 
consistently remain less than −17 dB (corresponding to ab-
sorptance ≥98%). This is attributed to the impedance match-
ing conditions met at different frequencies in the stated mul-
tiple frequency bands.  

 
Fig. 2. Simulated reflection spectra of the absorber for variable graphene 
sheet impedance. 

4. Conclusion 
A multiband frequency-tunable millimeter-wave absorber 
comprising a patterned graphene-FR4-copper based hybrid 
structure has been studied, and the results yield tunability 
along with high absorption. The structure facilitates excel-
lent frequency tunability range in three different bands, 
namely 75.581GHz, 8893GHz, and 101.8106.5GHz, 
within the W-band. It has been found that the millimeter 
wave absorber demonstrates over 98% absorptance through-
out the frequency-tuning process. 
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I. INTRODUCTION 

In recent years, there has been a significant R&D focus 

on developing optical fiber-based technologies in photonics 

and broadband communication systems. The surge in data 

communication and cloud computing has led to an expo-

nential increase in communication traffic. To address this 

challenge, few-mode fibers and mode division multiplexing 

(MDM) have become promising solutions. Mode convert-

ers are essential components in MDM systems, and various 

types have been proposed and experimentally validated. 

These converters utilize a range of techniques, including 

acousto-optic transducers and structured optical wave-

guides, to achieve their functionality [1].  

We have developed an all-fiber setup designed for se-

lectively exciting and switching between higher-order 

modes in a few-mode fiber. Previously, we introduced a 

novel method utilizing cantilever beam deflection tech-

niques to detect surrounding electric fields. In this study, 

we apply the cantilever technique to achieve mode switch-

ing by introducing a controlled perturbation in the input 

launching conditions. The fiber is coated with 

BiFe0.9Co0.1O3, serving as a probe sample, and is placed 

within an electric field for testing.  

 

II. EXPERIMENTAL DETAILS AND RESULT 

   The light is coupled into one end of a single-mode fiber 

(SMF) from an input He-Ne laser source using a light cou-

pling unit, shown in Fig. 1. The other end of the SMF is 

coated with our probe material (coated length 1.0 cm with 

coated thickness of 0.28 mm). A dual-mode fiber (DMF) is 

positioned directly in line with the exit of the input cantile-

ver fiber, situated between two electric field plates. When 

an electric field is applied, the coated fiber deflects due to 

the induced polarization of the probe sample. This deflec-

tion modulates the input launching conditions, leading to 

changes in mode excitation within the fiber and resulting in 

the switching of the output mode.  

   Initially, light is coupled from SMF into the DMF 

through fiber-to-fiber transmission. This approach ensures 

close proximity between the fibers, establishing nearly ide-

al alignment to facilitate the excitation of the desired fun-

damental mode. Upon applying the electric field, we ob-

serve mode switching within the DMF. Figure 2 visually 

depicts the mode profiles and their transformations as the 

electric field intensity varies, specifically showing cases 

with different plate separations. In this scenario, we ob-

serve a transition from a circularly symmetric mode to an 

azimuthally asymmetric mode during the switching pro-

cess. 

 
Fig. 1. Schematic of experimental set-up. 

 

 
 

Fig.2.  Real time monitoring of mode intensity distribution at different 

voltage values at fiber exit for varying plates distance at (a) 1.4 (b) 1.9 cm. 

 

III. CONCLUSIONS 

   We demonstrate a novel method to perform an auto-

mated mode switching within a few-mode fiber using an 

electric field-controlled fiber-to-fiber offset coupling. This 

innovative approach enables dynamic and controllable ma-

nipulation of modes by inducing deflection in the coated 

fiber through the electric field. This technology opens up 

possibilities for applications in sensing, communications, 

and beyond. By adjusting the experimental parameters, the 

sensitivity of the system can be tuned to meet specific re-

quirements. This new automated mode-switching approach 

will be well-suited for field deployment in varying opera-

tional environments and should be useful in higher order 

applications in photonics and fiber circuits. 
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