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Abstract: With the development of the volume of information exchange and perception increases, the demands
for intelligent, miniaturized and integrated optical devices for information acquisition are also increasing. As
the core component of optical networks for transmitting information, how to further optimize its structural
characteristics to generate richer optical characteristics and apply them to information exchange and optical
field control has become a key research hotspot. The introduction of chiral twist characteristics has led to new
phenomena and applications in optical field transmission and transformation for traditional optical fibers or
microstructured optical fibers (MOF). Therefore, this review mainly starts from the principle of chiral optical
fibers, introduces their preparation and latest application scenarios, and finally looks forward to their potential
future development prospects.
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1. Introduction

With the rapid development of information technology, optical fibers have become a critical
component in communication systems. Optical fibers can transmit a vast amount of information with
high speed and low loss. However, the traditional optical fibers have a single structure, limiting their
scalability as a carrier of functional optical fibers. To overcome this limitation, various modification
methods, such as tapering, splicing, and polishing, have been developed to enrich the functionality
of optical fibers.

Recently, a new modification method called "twisting" has attracted much attention in the field
of optical fiber modification. Compared with traditional optical fiber modification methods, the
twisted optical fiber provides new features and applications [1, 2]. In this review, we provide readers
with a comprehensive summary of twisted optical fibers, including traditional optical fibers,
photonic crystal fibers, anti-resonant fibers, and multi-core fibers.

To demonstrate the proof-of-concept of the functional twisted optical fibers, several milestone
works are investigated, and their application fields are discussed. The results show that the twisted
modified optical fibers have enriched the application of functional devices.

However, there are still challenges that need to be addressed to fully exploit the potential of
functional twisted optical fibers. In the last section of this review, we present the challenges,
prospects, and promising opportunities of the future functional chiral fiber for functionalized
devices.

In summary, this paper provides a comprehensive overview of twisted optical fibers and their
applications. It is hoped that this review will inspire more research in the field of optical fiber
modification and promote the development of functionalized devices.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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2. How to Describe the Chiral Twisted fiber

Compared to traditional axially uniform optical fibers, the most obvious change in the chiral
twisted optical fiber is its axial refractive index periodic modulation. However, the analysis of axially
twisted media is different due to the differences in fiber end faces and torsion conditions.

2.1. Analysis of Twisted Structure Characteristics in Single Core Optical Fiber

Traditional single core fibers usually have a small amount of random core—cladding eccentricity

due to fabrication imperfection, thus, core index will form a helical periodic modulation after a

melting twist process. Helical long-period fiber grating HLPGs can couple light from the

fundamental core mode to cladding modes at particular wavelengths and cause transmission

depletions [1], similar to conventional long period fiber gratings [2,3]. The resonant peak
wavelengths satisfy the phase matching condition that can be described as [4]:

Ay = (g =nA 1)

where nj; and nj" are the refractive index of the fundamental core mode and mth cladding mode,

respectively. The resonant wavelength 1, changes proportionally as the index difference (n;; —n;")

or grating period A changes. In particular, when the grating period A varies due to the temperature
or twisting angle variation, the resonant wavelength shift can be clearly observed in the transmission
spectrum. In this paper, positive twist is deemed as the direction of applied twist coinciding with
HLPG’s torsion direction; otherwise, it is negative. When the twist is positive, the resonant
wavelength shifts towards shorter wavelength, corresponding to a decreased grating period, and vice
versa. In addition, the amount of shift strongly depends on the angle of applied torsion. Therefore,
HLPGs can simultaneously detect the twisting angle and orientation, an apparent advantage over
ordinary LPGs.

In addition, when the fiber core is away from the axis of the fiber waveguide, the twisted
characteristics will become further complex and cannot be analyzed solely by relying on the theory
of long period gratings, as shown in Figure 1(b). When the core mode propagates in the helical core,
the cladding WGM s as radiation modes are induced by fiber core bending, that is, due to bending
effect of the helical core, the partially guided core mode is converted into cladding WGMs [5].
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Figure 1. [llustration of twisted single core fiber.

2.2. Analysis of Twisted Structure Characteristics in Microstructured Optical Fiber

When the torsion structure becomes further complex, such as the torsion of a microstructure
optical fiber. At this point, due to the interaction between different structures, the approximation
algorithm using single core optical fibers is not very reliable. More rigorous transformation optics
model analysis methods are needed.
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Figure 2. Schematic Diagram of Microstructured Optical Fiber Twist.

Transformation optics formalism is based on the fact that in electromagnetism, a change in the
coordinate system from {x, y, z} to {x’, y’, z'} is equivalent to a change in material properties [6,7,8].
The permittivity and permeability tensors in the new coordinate system {X’, y’, z'} are given by

_Jey” I
= d = 2
¢ det(J ™) ane det(J ™) @

where € and p represent the material properties in {x, y, z} (usually Cartesian) coordinates and J'
is the inverse of the Jacobian matrix:

ox' @ ox'
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and J7 is the transposition of J~'. Transformation optics can be used in numerical simulations to
reduce the dimensionality of some problems by choosing a coordinate system in which the geometry
of the waveguide and its material properties become independent of one of the coordinates. In
particular, the structure of twisted fibers can be simplified in helicoidal coordinates {x’, y’, z’}, which
are related to Cartesian coordinates by [9].

x'=xcos(Az) — ysin(Az)
y'= xsin(Az) + ycos(Az) 4)
'=z

where A=2m/A is the twist rate expressed in [rad/m], which describes the rotation of the x’ and y” axes
of the helicoidal coordinates system around the z axis with respect to the Cartesian x and y axes by
the angle ~Az, where z = A corresponds to the full rotation angle. All lines parallel to the z axis in
helical coordinates are helices in the Cartesian coordinate system with a pitch distance equal to A,
which are left-handed for positive A. The inverse of the Jacobian matrix J~' used in this case is given
by

cos(Az) —sin(Az) —Ay' 1
J'=|sin(Az) cos(4z) Ax' |=|0
0 0 1 0

0 —Ay'| cos(Az) -sin(Az) O 10
1  Ax' || sin(Az) cos(Az) O|=|0 1 Ax' |R(Az) (5)
0 1 0 0 1 0 0
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where R(Az) is the rotation matrix and det(J ™) = 1. If the material properties of the twisted fiber are
isotropic and therefore can be represented by scalars € and p, then according to Egs. (1) and (4), the
equivalent ¢ in helicoidal coordinates {x’, y’, z} can be expressed as [9].

1+ A%7% A’y —Ay'
(XY, ) =e(x, v, 2)| A%y 1+ A% Ax' (6)
—Ay' Ax' 1

In this study, € and € (used for anisotropic materials) indicate values expressed in Cartesian
coordinates, and ¢ is a corresponding value expressed in helical coordinates. In the following
analysis, the same arguments (X', y’, z) are used for ¢, ¢, and €’ only to indicate the position in space.
Equation (5) is z-independent if e(x’, y’, z) can be expressed as £(x’, y’), if its value in the Cartesian
coordinate is a constant at a helix specified by a given x” and y’. Such a condition is satisfied if the
twist rate A, which defines the helicoidal coordinates in Eq. (3), is the same as that for the fiber twist.
A similar relation holds for the scalar magnetic permeability p. which turns the three-dimensional
problem into a two-dimensional one and greatly simplifies the numerical calculations.

3. Applications of Chiral twisted fibers

Due to the above unique structure characteristics of chiral twisted fibers, it can be used to a
variety of functional devices applications. In the following, the advantages of chiral twisted method
combined with various functional fibers are discussed. Besides, the specific application and
importance of functional chiral twisted fibers are further elaborated.

3.1. Fabracation of Chiral Twisted Fiber

To fabricate a twisted structure in fibers, there are some common methods to fabricate a twisted
structure in fibers as shown in Figure 3. The first method involves using a high-temperature
hydrogen-oxygen flame to heat and soften the fiber. By controlling the intensity of the flame and
using motors at both ends, the fiber can be twisted and fabricated accordingly. Zhong et al. [4]
proposed a method using a hydrogen-oxygen flame to etch twisted structure into fibers. The
fabrication setup includes basic devices such as a high-precision rotator, two translational platforms,
and a hydrogen-oxygen flame. These components are used to precisely control the twisting and
etching process on the fiber surface. By utilizing this method, twisted fiber gratings can be fabricated
in a stable manner, ensuring their long-term preservation. The controlled twisting and precise etching
process enable the creation of durable and reliable twisted fiber gratings that can maintain their
properties over an extended period of time. This stability and longevity make the fabricated gratings
suitable for various applications in fiber optics and photonics. Another method for fabricating twisted
fiber involves the use of a COz laser [10, 11, 12, 13]. The output power of the CO2 laser is computer-
controlled, allowing for more precise and stable heating of the twisting region. Shin et al [14]
fabricated a twisted single mode fiber with CO2 laser beam exposure and its characteristic was
experimentally investigated. They achieved the formation of a periodic twisted structure by
irradiating the fiber with a CO: laser while uniformly rotating the motor along the fiber axis. This
method enables precise control of the twisting period and allows for resonance to be generated within
extremely short grating lengths. Automatic arc discharge technology is also utilized for the
fabrication of twisted fiber. Sun et al first employed a commercial fusion splicer system to inscribe
twisted structure in the conventional SMFs [15]. The system consists of two electrodes, a spiral motor,
and a fixture for holding the fiber in place. By analyzing the influence of arc current on the growth of
twisted fiber, they determined the appropriate current values to apply, resulting in clear resonance
peaks and low insertion loss.
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Figure 3. Methods for fabricating a helical optical fiber. (a) hydrogen-oxygen flame method. (b) CO2
laser beam method. (c) automatic arc discharge technology.

3.2. Traditional Single Core Chiral Twisted Fiber

Since the early stages of fiber optics, twisted-induced birefringence has been a prominent area
of research. The concept of twisted fiber was proposed in 1979 by Ulrich et al [16]. They discussed
the change in polarization along the twist direction. Using first principles, they employed
perturbation methods to calculate the coupling between two degenerate modes. Furthermore,
experimental results validated the correctness of this theory and provided an approximate
calculation of the g-factor. Since then, research on twisted fiber has become increasingly rich and
diverse.

Twisted SMFs undergo interesting changes in their polarization state due to the alteration of
birefringence. After twisting, the single-mode fibers exhibit a significant degree of optical rotation,
but they demonstrate almost no polarization anisotropy during the twisting process [17]. Therefore,
twisted fiber can effectively eliminate polarization mode dispersion. Among them, the measurement
of circular birefringence in twisted fiber is particularly important. Andrea [18] proposed a new
method for circular birefringence measurement for long single-mode twisted fibers. The technique is
based on polarization-sensitive optical time-domain reflectometry. The experimental results agree
well with theoretical predictions. To further validate the fundamental effect of birefringence in
twisted fiber, Diana [19] analyzed the developed birefringence matrix for the twisted fiber. They
discovered that the Jones birefringence caused by twisting the birefringent optical fibers exceeds
values of Jones birefringence caused by electric and/or magnetic fields in bulk birefringent material
by several orders of magnitude. Furthermore, in Figure 4, they also found that the twisting of erbium-
doped fibers has a greater impact on the fiber's polarization characteristics compared to non-doped
fibers. This is attributed to the influence of the glass matrix composition and fiber structure.
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Figure 4. The change in output polarization state with varying twist angle was observed for both
erbium-doped fiber (a) and standard single-mode fiber (b).

The use of twisted optical fibers to construct HLPG structures has recently been proposed in
multiple fields. Because of the grating's helical construction, clockwise or anticlockwise twisting can
shorten or lengthen the grating's period, causing the resonance wavelength to shift in a different
direction. Therefore, HLPG can be effectively applied in the fields of torsion, refractive index and
temperature sensors [4,10,11,20,21,22,23,24,25]. Li [26] analyzed the effects of LPG and intermodal
interference in chiral twisted single-mode fibers (CTSMF). In Figure 5, the LPG model established
using mode resonance theory showed good agreement with experimental results. Furthermore, the
response of CTSMF to external environmental factors was also analyzed. These outstanding results
of CTSMF show that it is a strong contender in the sectors of sensing and communications. By
controlling the length and direction of the twist pitch, effective applications of CTSMF in sensing can
be achieved. An improved HLPG based was proposed by Zhao [21] to achieve real-time measurement
of multiple parameters. To further enhance sensitivity, fiber taper was introduced in a twisted
structure [20]. Experimental results indicate that when the fiber is twisted in different directions, the
intensity of transmission peaks varies inversely. In 2020, to measure torsion and strain
simultaneously, Xian [24] proposed a cascaded helical long-period grating (C-HLPG) with two
distinct gratings that fabricate molten state duration durations (MSDTs) in Figure 6. It is proved that
torsion and strain can be differentiated within the ranges of 0~1744pe and -240°~240° with
accuracies of ~120pe and ~0.12 rad, respectively. The C-HLPG with various MSDTs provides
exceptional opportunities as torsion and strain sensors as well as a future development for
multiparameter fiber-optical sensors and new optical-fiber components.

1 —— Experiment Results | |
5 —— Theoretical Results

Transmission (dB)
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T T T T T T T T T T T T T
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Figure 5. Results from experiments and theories are compared. The experimental result for LPG is at
1332 nm, whereas the theoretical dip is 1330 nm.
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Figure 6. Torsion and strain measurement by using a cascaded HLPG.

In addition to sensing applications, CISMF also plays a significant role in the generation and
selection of modes [12,13,27]. A simple method for validating the mode-selection rules followed in a
single-helix helical long-period fiber grating (SHLPG) has been demonstrated both theoretically and
experimentally [28]. This is accomplished by investigating and analyzing the SHLPG's circular
dichroism (CD) and polarization dependence loss (PDL) spectra. Moreover, CTSMF is considered a
highly promising Orbital Angular Momentum (OAM) beam shaper and generator. A new approach
for simultaneously generating first and second OAM modes has been developed and experimentally
demonstrated utilizing two consecutively cascaded helical long-period fiber gratings (ccHLPGs) by
Wang [29] in Figure 7. The first-order OAM mode with a conversion efficiency of 94% and the second-
order (I=2) OAM mode with an efficiency of 83% were effectively obtained. When the twisting angle
changes, the excited OAM modes also vary accordingly. Based on oxyhydrogen-flame produced
helical long-period fiber gratings (HLPFGs), Liu [30] present a class of all-fiber torsion-tunable orbital
OAM mode generators. The single-mode fiber (SMF) and six-mode fiber (6MF) HLPFGs are used to
excite the 1-order and 3-order OAM modes, respectively. The evolution of mode field distributions
and its interference patterns with the Gaussian beams with varying torsion angles is shown in Figure
8.

R-HLPG L-HLPG

Al A2

Figure 7. Schematic of the ccHLPGs-based OAM generator.

(a) ecwHLPFG-SMF (OANI+1)

Figure 8. The evolution of mode field distributions and its interference patterns with the Gaussian
beams with varying torsion angles.

3.3. Chiral Twisted Microstructured optical fibers

Compared to traditional SMFs, twisted structure in the form of MOFs offer more choices and
greater possibilities in the field of twisted fiber applications due to their versatile and flexible
structure. In addition to enhanced mode selection, mode field control, and OAM modes generation
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[31,32,33], Chiral twisted microstructured fiber (CTMOF) has also been found to have great potential
in fields such as laser [34], sensing [35,36,37], and transmission [38,39,40]. Here, we have summarized
some applications, including Chiral twisted photonics crystal fiber (CTPCF), Chiral twisted hollow
core fiber (CTHCEF), and Chiral twisted multicore fiber (CTMCF), and found that microstructured
fibers play a crucial role in improving the the functionality of twisting.

3.1.1. Chiral Twisted Photonics Crystal Fiber

CTPCF exhibits peculiar optical phenomena due to its unique air channel [31,32,33,39,41]. Under
the influence of the spiral lattice in the air-hole channel, the cladding light in the PCF is forced to
follow a helical path. This results in a transfer of a portion of the axial momentum to the azimuthal
direction, thereby creating discrete orbital angular momentum [42]. When the arrangement of air
holes and the twisting angle changes, the topological phase of the core light and the degree of
matching with the cladding leaky mode in terms of phase undergo changes, leading to the emergence
of peculiar optical characteristics [40,43].

In 2012, Wong [44] proposed the excitation of OAM resonances in helically twisted PCF and the
twisted structure is shown in Figure 9. They theoretically and experimentally analyzed the
transmission spectra and mode-field states of CTPCF, laying the foundation for further research on
CTPCF. Since then, further research has been conducted on generating and manipulating OAM using
CTPCEF. The effect of symmetry on coupling between core and cladding modes in twisted PCF was
studied [45]. By conducting numerical simulations on CTPCF fibers, they analyzed the impact of
cladding mode distribution on coupling. To further investigate the coupling between the core and
cladding, Maciej [46,47] et al proposed an analytical model describing scaling properties of the
CTMOFs. They related the conditions of this coupling model to the wavelength, the lattice pitch, the
number of air hole rings, and the helix pitch. As a result, significant loss peaks can be observed over
a wide range of wavelengths. Based on the above research, the generation of higher-order orbital
OAM using CTMOF has sparked interest among researchers. Li [50] reported a high-order mode
suppression effect that may cause dips in the transmission spectrum of a large-size six-hole helical
microstructured fiber (HMSF). Cui [48] demonstrated a helically twisted pig-nose-shaped core PCF
for high order OAM generation in Figure 10. Supermodes in the inner dual-core can be coupled to
high-order modes in the outer ring-core in this fiber, generating OAM ring-shaped modes at different
wavelengths, and several OAM modes at different twist rates.

~‘\\\\
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Figure 9. Helically twisted PCF and Local axial and azimuthal components of the refractive index of
the fundamental space-filling Bloch mode in the twisted cladding.
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Figure 10. Cross-section and sketch of the HPC-MOF.

Apart from the generation of OAM, the underlying mechanism behind this new effect warrants
further investigation. In coreless PCF, a twisted periodic structure generates a helical channel,
allowing the formation of guided modes despite the absence of any recognizable core structure [38].
As the twist rate increases, the mode field diameter decreases, and the refractive index increases. A
twisted coreless PCF was reported which supported a family of guided helical Bloch modes (HBMs),
each member of which had a unique transverse field distribution and harmonic spectrum [49]. By
designing different stackings of air hole structures, it is possible to generate a variety of high-index
HBMs. In 2023, Zeng et al [34] reported the stable oscillation of optical vortices and acoustic modes
in a Brillouin laser based on chiral PCF, which robustly supports helical Bloch modes (HBMs) that
convey circularly polarized optical vortices and exhibit circular birefringence as shown in Figure 11.
Itis implemented a narrow-linewidth Brillouin fiber laser that emits stable 1st- and 2nd-order vortex-
carrying HBMs.

Due to its special circular birefringence effect, CTPCF becomes a good choice for fiber optic
sensors. The feasibility of CTPCF as a current sensor was verified by determining the CTPCF
structure with the maximum circular birefringence through numerical analysis [35], selecting
appropriate shape and scale parameters. In order to develop high-sensitivity sensors, a fabrication
method of a helical photonic crystal fiber (HPCF) and an inflated HPCF(IHPCF) by use of an inflation-
assisted hydrogen-oxygen flame heating technique was proposed by Fu [36]. Modify the air holes
before and after is shown in Figure 12. The experimental results indicate that increasing the size of
the air holes can significantly enhance transverse-load sensitivity. Ramya [37] discovered that torsion
can significantly enhance the sensitivity when the sensor is used for salinity testing.
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Figure 12. The scanning electron microscopy images on the cross sections of the achieved HPCF and
IHPCF samples.

3.1.2. Chiral Twisted Hollow Core Fiber

Hollow core fiber [51,52], as its transmission medium is air, utilizes the transmission mechanism
of bandgap or anti-resonance, resulting in extremely low dispersion, loss, and other characteristics.
At the same time, its distinctive cladding distribution structure enables it to play an important role
in various fields such as transmission [53], amplification [54,55], lasers [56], and sensing [57]. When
introducing twist into the Hollow Core Fiber (HCF) [58,59,60], it can maintain strong circular
birefringence and stable circular polarization characteristics [61,62]. In addition, further exploration
and research are warranted for its unique optical effects, such as the hybrid photonic bandgap effect
[63] and the generation and preservation of OAM modes [64,65,66,67].

Strong circular dichroism is an important characteristic of CTHCEF. Roth et al [68] demonstrating
strong circular dichroism for the HE11-like core mode in helically twisted hollow-core single-ring
photonic crystal fiber (SR-PCF), formed by spinning the preform during fiber drawing. The refractive
index vs azimuthal mode order is shown in Figure 13. When twisted, the ring exhibits significant
circular birefringence, allowing only one circular polarization state to couple to the core mode. The
modulation and preservation of circular polarization states are equally important. Davtyan [65]
presented a novel technique based on a helically twisted hollow-core photonic crystal fiber that
exhibits circular birefringence and so stably maintains a circular polarization state in the face of
external perturbations. The method based on CTHCF has the potential to be applied in the


https://doi.org/10.20944/preprints202307.2126.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2023 doi:10.20944/preprints202307.2126.v1

11

generation, modulation, and transmission of circularly polarized light from ultraviolet to mid-
infrared wavelengths.

s=+1 s=-1
-6 o ba==1 £4=+1

-2 =1 0 1 2
azimuthal order £,

Figure 13. Plots of modal refractive index vs azimuthal mode order in the first Brillouin zone for (a)
untwisted and (b) twisted SR-PCFs.

CTHCEF can also induce mode conversion into OAM modes, allowing for a simple and tunable
approach to generate OAM modes [66]. Tu [67] examined the orbital OAM mode generation process
of a long-period onefold chiral fiber grating (L-1-CFG) based on a hollow-core anti-resonant fiber
(HC-ARF). They theoretically and experimentally demonstrated that a first-order OAM mode can be
generated simply by inputting a Gaussian beam. The process of mode evolution is illustrated in
Figure 14. Additionally, an appropriate twisted pitch can suppress the fundamental mode and
maintain the purity of higher-order modes [65]. This also provides a feasible solution for selecting
specific modes.

(h)

Figure 14. (a), (d), (g) Input modes, (b), (e), (h) output modes, and (c), (), (i) interference patterns of
CTHCEF.
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The high robustness of HCF is also a major advantage in its applications. Compared to
conventional HCF, CTHCF exhibits greater extinction ratio interference peaks, making it suitable for
sensing applications. Zheng [69] proposed a helical HCF for bending sensing. In Figure 15, due to the
isolation provided by the air gap, the bending sensitivity reaches -9.066nm/m™, while being
minimally affected by external temperatures. Davtyan et al [70] demonstrated a gas-filled twisted SR-
PCF that offers a promising platform for precise excitation, robust polarization preservation, and
effective Raman frequency conversion of optical vortices, as well as low-loss guidance.
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Figure 15. (a) Cross-section of HCF. (b) Image of the HCF with HSs. (c) Transmission spectra of HCF
with HSs and without HSs.

3.1.3. Chiral Twisted Multicore Fiber

Due to their ability to support multiple guided channels, multicore fibers have attracted
researchers' interest in the fields of transmission [71], amplification [72], and sensing [73,74]. CTMCF
exhibits enhanced coupling between the fiber cores due to its helical structure [75], and its axial non-
uniformity makes it outperform ordinary MCF in sensing [76,77,78], modulation of OAM modes [79],
and other aspects.

Torsion sensor is an important application of CTHCF. Ordinary MCF can be used for torsion
testing, but it cannot distinguish the direction of torsion. In torsion measurement, the pitch length of
a pre-twisted MCF changes with different directions of torsion. Therefore, CTHCF [80,81,82,83,84,85]
not only provides sensitivity in torsion testing but also allows for the determination of its direction.
Zhang [78] proposed a directional torsion sensor based on a Mach-Zehnder interferometer generated
in a helical structure (HS) multicore fiber (MCF). The cross-section parameters of the optical fiber and
sensor structure are shown in Figure 16. In addition to achieving fiber circular asymmetry by using
of this short helical structure, multiple interference was also significantly enhanced. Both simulation
and experimental spectrum analysis revealed the different interferences caused by the interplay of
the center core mode, outer core mode, and cladding mode. The suggested sensor's maximum torsion
sensitivity is -0.118 nm/(rad/m) for twist rates between -17.094 rad/m and -15.669 rad/m. A highly
sensitive strain sensor based on helical seven core fiber is proposed and experimentally demonstrated
[86]. To create an in-line MZI, an all-solid heterogeneous seven core fiber was locally twisted into
helical structures and then spliced between two short sections of multimode fibers (MMFs). Because
of the helical structure, a maximum strain sensitivity of 61.8pm/ue was reached. It is approximately
56 times greater than the equivalent MCF-based Mach-Zehnder interferometer.
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Figure 16. (a) Cross-section of seven core fiber. (b) Refractive index of the proposed fiber. (c) The

schematic diagram of the sensor structure.

To further enhance the sensing performance of CTMCEF, researchers are attempting some
mechanical treatments on the fiber. Tapered multicore fiber can further enhance the coupling
between cores, making it considered as a promising method for enhancing sensitivity. In 2023, a
highly sensitive torsion sensor based on MZI in helical seven-core fiber taper was proposed [77]. As
shown in Figure 17, they created sensors with varying taper waists and helical pitches, and their
transmission spectra were acquired and studied. With a helical structure, the sensitivity reaches
2.253 nm/(rad/m) and -1.123 nm/(rad/m). Furthermore, with a waist diameter of 48 m, the torsion
sensitivity is raised to 5.391 nm/(rad/m) by reducing the taper waist and making the helix denser.
They also calibrate the sensor's temperature properties, and the sensitivity is attained at 32 pm/C,
which means that tapered CTMCF can eliminate the cross-sensitivity to temperature. Song [87] also
demonstrated this characteristic of CTMCF through experimental verification. Xiang [88] utilized the
CO:2 laser method to fabricate a helical LPG manufactured from MCF combined with twist, which

also demonstrated low temperature cross-sensitivity.

(a)

,,,,,

125 pm 20 pm

(b) iw=68um I

Figure 17. (a) Schematic of the tapered twisted fiber; (b) micrograph of the sensor structure under

phase contrast microscope; (c) Cross-section of the MCF.

Adding functional materials on the surface or inside of CTMCF can further explore its potential
applications. Liu [89] attempted to coat gelatin on the surface of a four-core fiber (FCF) and deposited
a gold film on its end face as a reflector. A helical structure was fabricated by twisting the FCF under
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continuous arc discharging. When the external environment's relative humidity (RH) varies, both the
RI and the size of the gelatin film change, causing the effective RI of the FCF cladding and the strain
of the sensor to change, resulting in the resonance dip wavelength change in the interference signal.
In addition to coating materials on the surface, changing the core material of CTMCF can achieve
other functionalities. CTMCF has been demonstrated to generate OAM modes [79]. Li [90] replaced
the core of the twisted multicore PCF with Yb-doped material (YTMF) as shown in Figure 18 to
achieve amplification of OAM light. The experimental results indicate that the fluorescence
amplification properties of the doped material Yb* can be used to amplify the 1064nm laser.
Furthermore, theoretical study shows that the modes in YTMF at 1064nm, which is in the amplified
wavelength range, can accommodate nine OAM-carrying modes. The results indicate that combining
doped materials with CTMCF enables the generation, amplification, and multiplexing of multiple
beams of OAM light, providing new insights for the establishment of next-generation communication
systems.

Figure 18. (a) Cross-section diagram of the YTMF; (b) Twisted machining diagram; (c) Lateral view
of the twist sample.

4. Summary and outlook of functional Chiral twisted fibers

Chiral Twisted Optical Fibers introduce unusual optical phenomena by incorporating a special
twisted structure into the fiber. The twisted structure in SMF induces changes in birefringence,
allowing the twisted fiber to exhibit similar behavior to fiber gratings. When combined with MOFs,
they exhibit unexpectedly excellent results in the generation and selection of OAM beams due to their
circular polarization properties. They also exhibit robust birefringence towards OAM beams,
meaning that modes with different principal OAM orders have non-degenerate propagation
constants. Particularly in hollow-core fibers, CTMOFs exhibit exceptional performance in mode
filtering and selection, indicating their potential for stable OAM transmission. Furthermore, the
transmission spectra of CTMOFs exhibit wavelength-dependent attenuation based on the twisting
pitch, making them applicable in sensing applications. These changes not only enhance extinction
ratio but also demonstrate significant advantages in directional discrimination. The combination of
CTMOFs with functional materials expands their application scope, including external coating
materials and internal core doping materials. Currently, the exploration of chiral twisted fibers is still
in its early stages. In the near future, these applications may be realized and applied in real-life
engineering. Due to their excellent performance in OAM birefringence and dispersion control, they
hold tremendous potential for applications in nonlinear fiber optics, fiber lasers, amplifiers, and
Sensors.
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