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Performance Testing of Planar Optical
Waveguide Chips

Overview

Wideband Reconfigurable Multifunctional Analogue Photonic Chip In this paper, an
architecture and tuning mechanisms of reconfigurable multifunctional fract.

Key Takeaways

Performance testing of planar optical waveguide chips involves evaluating optical
loss, polarization effects, reflectivity, and overall device reliability using advanced
measurement techniques and fabrication-aware characterization.

Key Performance Metrics

Insertion Loss (IL) and Return Loss (RL): These are fundamental metrics for planar
waveguides.

L measures the optical power lost as light propagates through the waveguide, while
RL quantifies reflections at interfaces or discontinuities. Low-loss waveguides, such as
silicon nitride (Si3N4), can achieve losses below 1 dB/m, enabling high-power and
broadband applications. Chalcogenide waveguides, for example, have demonstrated
transmission losses around 2.

3 dB/cm at 1550 nm.
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Polarization-

Dependent Loss (PDL) and Polarization Mode Dispersion (PMD): Planar waveguides
often exhibit polarization sensitivity. Testing must account for TE/TM mode
differences, as these can affect device performance in photonic integrated circuits
(PICs),. Spectral Response and Grating Characterization: Waveguide gratings and
other passive components are characterized using optical frequency-domain
reflectcometry (OFDR) or swept-laser interferometry.

These methods allow sub-millimeter resolution along the waveguide, enabling
identification of facet reflections, grating peaks, and polarization effects.

Testing Techniques
Optical Frequency-

Domain Reflectometry (OFDR): OFDR provides high-resolution distributed loss
analysis and reflectivity mapping along the waveguide. It can measure IL, RL, PDL,
PMD, and phase in a single scan, offering detailed insight into waveguide
performance. Optical Vector Analysis (OVA): OVA measures the linear transfer
function of passive components, capturing all critical parameters efficiently.

This is particularly useful for planar waveguides with high polarization dependency.
Reliability and Environmental Testing: Chips undergo thermal cycling, humidity
exposure, and mechanical stress tests to ensure long-term stability and robustness.
Advanced semiconductor fabrication processes, including PECVD, lithography, and
etching, are optimized to support consistent performance.

Material and Fabrication Considerations

Silicon Nitride (Si3N4): Offers low-loss, broadband transparency (400-2350 nm), and
compatibility with wafer-scale fabrication. It supports both linear and nonlinear
optical functions, enabling complex system-on-chip applications. Chalcogenide Glass:
High-index contrast waveguides fabricated via thermal evaporation and plasma
etching provide strong confinement and chemical sensing capabilities.

Polymer and Glass Embedded Waveguides: Graded-index polymer and glass
waveguides are evaluated for data center optical interconnects. Performance
depends on wavelength and fabrication method, with ion diffusion and photo-
addressing techniques used for glass and polymer waveguides, respectively.

Summary
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Performance testing of planar optical waveguide chips combines high-resolution
optical characterization, polarization analysis, and reliability testing. Techniques like
OFDR and OVA allow precise measurement of IL, RL, PDL, PMD, and spectral features,
while material choice and fabrication quality directly influence performance. Silicon
nitride, chalcogenide, and polymer/glass waveguides each offer unique advantages,
and testing ensures that devices meet the stringent requirements of modern
photonic integrated circuits and optical interconnect systems.

Article Content
Wideband Reconfigurable Multifunctional Analogue Photonic Chip

In this paper, an architecture and tuning mechanisms of reconfigurable
multifunctional fractional-order analogue pho-tonic chip are proposed and
theoretically demonstrated, using a single silica-on-silicon

Advances in waveguide to waveguide couplers for 3D integrated

In this paper, we provide an overview and comparison of devices used for optical
waveguide-to-waveguide coupling including inter-chip edge couplers, grating
couplers, free form

OFDR Diagnostics for Planar Waveguide Delay Lines

This article uses a high-resolution optical link diagnostic instrument (OCI) based on
OFDR principles to measure a planar waveguide delay line, diagnosing insertion loss,
return loss,

A Fully Programmable On-Chip Planar Waveguide for Machine Learning

We introduce a device containing a planar waveguide whose spatial refractive index
profile n(x, z) can be programmed in real time. We demonstrate use this device as an
optical neural network.

Ultra-low-loss Ta205-core/SiO2-clad planar waveguides on Si

In this paper, we report on record low propagation losses for Ta205-core SiO2-clad
planar waveguides across the entire / C-band over the lengths of complete spiral
delays.

Highly reliable polymer waveguide platform for multi-port photonic chip ...

A high-performance EOCB platform based on planar polymer waveguide technology
was presented. Its optical properties render it a suitable packaging solution for
matching the gap between PICs and e.g.

ChiptoChip Communication by Optical Routing Inside a ...
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A planar gradient index glass waveguide, optical mirror and refractive optic
integration technology on wafer level will be presented here. 3D optical interconnects
result inside a commercial available thin

Fabrication and testing of planar chalcogenide waveguide integrated ...

Abstract: We have fabricated and tested, to the best of our knowledge, the first
microfluidic device monolithically integrated with planar chalcogenide glass
waveguides on a silicon substrate.

Study of hybrid integrated PLC-AWG chip for FBG demodulation

In Section 4, we fabricate the AWG according to its parameters. In Section 5, the
performance of the FBG interrogation system with this AWG is discussed by
experimentally testing

Repeatable Passive Fiber Optic Coupling of Single-Mode Waveguides

This research demonstrates a method for the repeatable passive fiber optic coupling
of single-mode waveguides with a micron-scale accuracy for high-precision
disposables. The aim is to

All-Optical Planar Polymer Waveguide-Based Biosensor Chip ...

An all-optical plasmonic sensor platform designed for smartphones based on planar-
optical waveguide structures integrated in a polymer chip is reported for the first
time. To

Free-standing millimeter-range 3D waveguides for on-chip optical ...

The presented waveguides are suitable for on-chip out-of-plane light coupling as well
as non-connected 3D crossings, needed for high density optical circuits.

Low-cost scalable fabrication of functionalized optical waveguide ...

In this study, the optical sensing performance of the integrated device towards CO 2
was investigated. Our sensing experiments show that the proposed waveguide sensor
exhibits rapid

Optical meta-waveguides for integrated photonics and beyond

Recent years have witnessed substantial potential in allying meta-optics with diverse
waveguide platforms to enable exotic manipulation of guided light signals. This
review cataloged

Design, Manufacturing, and Testing of Planar Optical Waveguide

Single-mode optical waveguides based on planar silica have found increasing
application in passive optical components such as arrayed waveguide gratings
(AWG), couplers, and splitters.
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Fundamentals and Design Guides for Optical Waveguides

guides of optical waveguides, including state-of-the-art and challenges, fundamental
theory and design methodology, fabrication techniques, as well as materials selection
for different level waveguide

Silicon Photonics: Tricks and Tweaks for Wafer and

Tapered waveguides can be used for edge-coupling into chips after dicing the wafer.
For packaging, the chips can be attached to an interposer,

Design, fabrication and characterization of arrayed waveguide grating ...

Based on planar waveguide circuits (PLCs), AWG devices are easily coupled with
active/passive devices, such as on-chip light sources, optical waveguides, couplers,
AWG devices
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