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Article Overview

Planar optical waveguides achieve tunable delays through path length variation, microring resonators, and

optical switching, with performance depending on material, structure, and integration method.

Delay Mechanisms in Planar Optical Waveguides

1. Path Length Variation: Time delay in optical waveguides can be controlled by altering the physical length

of the waveguide. Spiral or multilayer waveguides extend the optical path, producing substantial delays in a

compact footprint. For example, Archimedes' spiral waveguides allow precise tuning of the optical path by

adjusting the spiral radius, number of turns, and pitch, enabling controlled delays for remote monitoring

applications . 2. Microring Resonators: Microring resonators trap light in a ring cavity, allowing multiple

circulations that generate significant time delays. By adjusting the ring size, coupling coefficient, or resonance

wavelength (e.g., via thermal tuning), precise and tunable delays can be achieved. Coupled Resonator Optical

Waveguides (CROWs) extend this concept, providing scalable, compact delay lines suitable for on-chip

optical interconnects . 3. Optical Switching: Variable delays can also be realized by selecting different

waveguide paths using optical switches. Polymer planar lightwave circuits (PLCs) with thermo-optic switches

can achieve sub-picosecond resolution and programmable delays, with switching speeds on the order of

milliseconds. This approach is particularly useful for phased-array antenna systems where remote beam

steering requires precise timing control .

Material and Structural Considerations

o Polymers: Low-refractive-index contrast polymer waveguides offer low propagation loss and easy

fabrication, but require larger bend radii, increasing device footprint .

o Silicon: Silicon-based waveguides provide high index contrast, miniaturization, and compatibility with

CMOS technology, enabling compact, high-Q microring resonators and frozen-mode structures for

ultra-wideband delays .

o Silica and Lithium Niobate: These materials are commonly used for high-stability delay lines but may have

larger footprints compared to silicon or polymer implementations .

Performance Metrics

o Delay Range: Polymer PLCs can achieve delays from 0 to 177 ps with fine increments, while

microring-based CROWs can provide tunable delays with sub-picosecond resolution .

o Switching Speed: Thermo-optic polymer switches typically operate in milliseconds, whereas microring

resonators can achieve faster tuning depending on thermal or electro-optic control .

o Insertion Loss: Low-loss designs are critical; polymer waveguides can achieve low propagation and
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coupling losses, while silicon microrings require careful design to minimize crosstalk and resonance mismatch

.

o Integration: Compact planar designs allow integration with phased-array antennas or remote monitoring

systems, reducing system size and improving immunity to electromagnetic interference .

Summary

For remote monitoring applications, the choice of planar optical waveguide delay mechanism depends on the

required delay range, resolution, switching speed, and integration constraints. Spiral and path-length-based

designs are simple and effective for moderate delays, microring resonators offer high tunability and

compactness, and polymer PLCs provide flexible, low-cost solutions with programmable delays. Material

selection and waveguide geometry directly influence group delay, dispersion, and overall system performance,

making careful design essential for reliable remote monitoring .

Planar optical waveguides are the input devices to build an integrated optical sensor. This chapter provides

review

In this paper, we propose and experimentally demonstrate multimode-enabled silicon photonic delay line for

the first time, which

Using a modified Euler-bend-based spiral structure, the proposed delay-line waveguide can simultaneously

achieve a

Sensing platform based on the integrated optical planar waveguide represents an active research area. The

The design of such waveguides and optical circuits requires a balance of numerous tradeoffs between

mode-size, bending radius,

Abstract This chapter reviews planar optical waveguides, which are the key devices to construct integrated

optical

We review optical label-free biosensing platforms based on planar optical waveguides with their operation

principles

Between the light source and the planar waveguide, a polariser was used, which replaced the in-line polariser

and the

We demonstrate two non-destructive methods of studying the gradual poling of thin-film lithium niobate
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waveguides by

The state of SiN-LiNbO3 switch is changed by applying voltage to realize the switching and changing of

optical path,

Interferometry is an optical technique that compares the differences experienced by two light beams traveling

along

Planar Optical Waveguides circuits and semiconductor lasers. Generally, rectangular waveguides consist of a

square or rectangular

Miniaturized monolithic waveguide devices have been designed as part of an ongoing project to develop a

mini

Due to the field enhancement effect of the hollow-core metal-cladded optical waveguide chip, massive

nanoparticles in

Parameter changes will cause modulation of light travelling within glass waveguides, and may be useful for

optical

The performances of the fabricated OSDL chips were investigated and compared comprehensively, including

the power
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