
Emergence And Applications Of Three-
Dimensional Integrated Optical Fiber Devices

Figure 1: Cross sections of optical fibers with different

two-dimensional structures

It outlines the fundamental concepts and

methodologies involved in creating such

fiber-based integrated systems.

CHINA, December 4, 2025

/EINPresswire.com/ -- With the rapid

advancement of the information age,

the demand for data transmission and

processing has surged dramatically. As

an efficient carrier for optical

communication and data transmission,

fiber optic technology is facing

unprecedented challenges and

opportunities. While traditional two-

dimensional fiber-integrated devices

dominate optical communication

systems, they still face significant

bottlenecks in achieving higher

integration, more complex

functionality, and smaller device sizes.

Particularly in applications requiring

complex signal sensing and multidimensional data transmission, single two-dimensional

structures can no longer meet the demands of modern fiber systems. Therefore, exploring

three-dimensional integrated fiber device technology has become a crucial direction for

advancing fiber technology.

In recent years, researchers worldwide have focused on developing three-dimensional

integrated optical device systems, with optical fibers as the foundational platform. This approach

miniaturizes complex optical paths and components within a single fiber. By integrating these

elements or systems into a single fiber from a novel physical perspective, this technology creates

diverse, feature-rich "fiber laboratories." These fiber-based three-dimensional integrated

photonic devices not only hold broad application prospects in optical communications but also

possess significant value in fields such as medicine and sensing. With continuous technological

advancement, it is anticipated that more innovative fiber devices will emerge in the future,
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Figure 2: Three-dimensional integration methods for

several typical fiber structures: (a) Fiber-side-ground

biosensor; (b) Fiber-end-polished technology and

reflective SPR sensor; (c) Fiber helical twist and its

generated vortex field.

bringing new transformations to

various industries.

Recently, Professor Libo Yuan's team

from Guilin University of Electronic

Technology has invited to contribute a

review article entitled "Three-

dimensional integrated optical fiber

devices: emergence and applications"

for the second issue of Opto-Electronic

Technology in 2025. This review

systematically summarizes methods

for integrating three-dimensional

photonic devices onto optical fibers

using refractive index-guided special

microstructure waveguide fibers. It

delves into the functional

characteristics of these technologies

and their significant value in optical

communications, distributed sensing,

scientific research, and medical

applications, while also outlining their

future application potential.

The paper first reviews the concept and historical development of three-dimensional integration

in fiber devices. Starting from the quasi-one-dimensional ideal fiber concept, it explains how two-

dimensional cross-sectional structures expand fiber functionality. Subsequently, using fiber

gratings as an example, it highlights the significance of fiber devices with three-dimensional

refractive index variations. In the third section, the author summarizes approaches for designing

end-face structures to enhance fiber functionality, discussing the diverse capabilities and critical

applications of microstructured fibers such as multi-core fibers with distributed cross-sections,

core-hole integration, photonic bandgap fibers, and anti-resonant fibers.

Next, the author highlights multiple approaches for achieving three-dimensional integration

within optical fibers. Side polishing of fiber surfaces enables interactions between diverse

materials and evanescent fields, establishing a foundational platform for numerous biosensors.

Geometric polishing of fiber end-faces provides a versatile and precise method for end-face

beam control, enabling beam shaping and directional propagation control to construct optical

potential wells and interventional OCT probes. Post-welding etching of heterogeneous fibers can

transform specific cross-sectional regions into complex three-dimensional microstructured

optical devices, including micro-resonators and highly sensitive sensors. Controlled tapering and

twisting of fibers induce mode coupling, enabling devices like long-period fiber gratings and

vortex beam generators. Fiber thermal diffusion technique can reconstruct a three-dimensional
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refractive index profile inside the fiber, achieving low-loss coupling between different waveguide

components. Furthermore, assembling microstructured devices within fibers facilitates the easy

realization of high-efficiency micro-resonators and sensing functional devices. Additionally, this

paper introduces microfabrication techniques and new composite fiber materials for enhancing

fiber device performance, along with methods for integrating various materials with fiber

devices.

In summary, these methods for realizing three-dimensional fiber structures reflect the trend

toward highly integrated, multifunctional, and microsystem fiber devices. Building upon the

inherent properties of optical fibers and supported by diverse fabrication techniques, multiple

three-dimensional devices have been successfully integrated. Such devices may achieve further

breakthroughs in areas such as miniaturization of optical components, integrated

communication and sensing, optoelectronic hybrid chip integration, and minimally invasive fiber-

optic medical interventions. Looking ahead, the evolution of fiber optic technology will resemble

biological evolution—advancing from simple one-dimensional structures to more complex three-

dimensional configurations. It will continuously integrate diverse functions to meet personalized

demands, demonstrating the boundless potential for constructing "fiber optic laboratories" and

their clinical value and developmental prospects in minimally invasive interventional surgery.
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