
Active Optical Device Testing

Article Overview

Active optical device testing ensures performance, reliability, and compliance of optical components like

lasers, amplifiers, and photonic integrated circuits through precise electrical and optical measurements.

Overview of Active Optical Device Testing

Active optical devices, including lasers, amplifiers, coherent transceivers, and active optical cables (AOCs),

require rigorous testing to verify their functionality, performance, and reliability before deployment in

high-speed networks or data centers . Unlike passive components, active devices contain electronics and

optical elements that can fail or degrade, making testing essential to prevent downtime and ensure operational

specifications are met.

Key Testing Objectives

o Performance Verification: Confirm that devices operate at their rated speed, optical power, and wavelength.

For AOCs, this includes verifying link establishment at 10G, 40G, 100G, 400G, or 800G rates .

o Optical Characterization: Measure insertion loss, polarization-dependent loss, spectral response, and beam

quality for lasers and PICs .

o Electrical and Bias Testing: Provide precise DC bias currents to tunable lasers, heaters, and phase control

electrodes to ensure stable optical output and wavelength accuracy .

o Physical Inspection: Check for connector damage, fiber contamination, bent or crushed cables, and maintain

proper bend radius during testing .

o Functional Testing: Validate coherent transceivers, modulators, and integrated photonic circuits for real

throughput, latency, and error rates under operational conditions .

Testing Methods and Equipment

o Wafer-Level Testing: Optical fibers are aligned to grating couplers on the wafer to measure optical power,

wavelength, and polarization directly on the die. This allows high-throughput testing of hundreds of devices

before packaging .

o Die-Level Testing: Individual laser chips, VCSELs, or unmounted diode bars are characterized for LIV

(Light-Current-Voltage), spectral output, and near/far-field beam profiles using automated test systems .

o DC Bias and SMU Testing: Source Measure Units (SMUs) provide multi-channel precision biasing for

integrated optical devices, enabling fine control of laser diodes, heaters, and phase modulators while

minimizing thermal effects and test time .

o AOC Testing: Active optical cables are tested for link integrity, optical contamination, connector quality,

and speed compatibility. Cleaning and physical inspection are critical to ensure reliable operation .

o Advanced Characterization: Polarization testing, coherent receiver evaluation, and high-speed modulation

analysis are performed to ensure devices meet stringent telecom and datacom requirements .
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Challenges in Active Optical Device Testing

o High Channel Density: Modern PICs and coherent transceivers integrate multiple components, requiring

numerous precision bias sources and complex test setups .

o Thermal and Nonlinear Effects: Fine bias sweeping and rapid measurement are necessary to avoid

wavelength shifts and performance degradation due to heating .

o Alignment Precision: Optical fibers must be accurately aligned to grating couplers or facets to minimize

coupling loss, often requiring automated positioning systems .

o Scalability: Testing hundreds of devices efficiently while maintaining accuracy demands automated,

high-throughput test systems .

Conclusion

Active optical device testing is a multi-faceted process combining electrical, optical, and mechanical

measurements to ensure devices meet performance, reliability, and manufacturability standards. From

wafer-level characterization to system-level verification of AOCs and coherent transceivers, proper testing

reduces downtime, improves yield, and ensures that high-speed optical networks operate reliably .
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The UK participation in its preparation was entrusted by Technical Committee GEL/86, Fibre optics, to
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Learn about the common contaminants of fiber optics in today''s mission critical networks and get a detailed

look at fiber testing and

This white paper covers the basic principles of optical testing directly on wafers and the best measurement

methods for both active
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Testing and packaging of modern photonic devices can be a huge challenge across multiple degrees of

freedom. The
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A testing device for an active optical sensor. The testing device includes an imaging optical system including a
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