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Introduction

In today’s Al-driven optical networks, insertion loss (IL) and return loss (RL) testing is no longer
aroutine production step—it is a gatekeeper for system performance, reliability, and brand
credibility. As network speeds scale and margins tighten, even small measurement errors at the
component level can cascade into degraded bit-error rates (BER), reduced system lifetimes, and
missed customer expectations downstream.

End users design around loss budgets, BER calculations, and long-term reliability models with little
tolerance for ambiguity. Poor insertion loss and return loss are among the largest contributors to
passive-component-induced impairment, which is why customers scrutinize these specifications
so closely—and why manufacturers carry real risk if their measurements are not defensible.

The decision to ship a product is ultimately a decision to stand behind a number. That number
influences customer trust, long-term supplier relationships, and the reputation you've spent years
building. Test systems that fail to control process risk, manage optical variability, or acknowledge
the true sources of measurement uncertainty don't just create bad data—they expose your
business to avoidable yield loss, rework, and credibility erosion.

Accurate IL/RL measurement is not accidental. It is the result of deliberate system design,
rigorous control of risk factors, and a deep understanding of the measurement science itself. This
is the foundation of production-grade metrology—and it is where VIAVI has spent more than 35
years leading the global passive component test community.

Why Accuracy Matters

In fiber-optic production and integration environments, measurement accuracy directly impacts
more than compliance—it affects profitability, scalability, and customer confidence. Passive
components such as fiber cables, connectors, and assemblies play a decisive role in overall system
performance, and their contribution to loss and reflections must be measured with confidence.

When IL/RL measurements lack integrity, manufacturers face increased scrap, rework, and costly
downstream disputes. Even worse, inaccurate testing can allow marginal components to ship,
putting field performance and brand trust at risk. Accuracy, therefore, is not merely a technical
target; it is a business requirement.

Understanding What Impacts Measurement Accuracy

Testing passive optical components—particularly fiber cables and high-density connector types
such as MPO, MMC, and FAU—requires a thorough understanding of the mechanisms that can
degrade measurement accuracy. With more than three decades of experience, VIAVI's Passive
Component Test team has developed deep expertise in identifying these risks and engineering
systems specifically to mitigate them.

Broadly, accuracy risks fall into two categories: process risks and measurement risks.
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Process Risks

Clean Connectors

The majority of optical testing issues originate from a single, avoidable cause: contamination.
Dirty fibers or connectors introduce excess loss, increase reflections, and can permanently
damage any clean connector they mate with.

Proper inspection and cleaning are therefore mandatory steps in any reliable IL/RL test process.
VIAVIis the only provider that integrates IL/RL measurement tools with industry-leading fiber
inspection and cleaning solutions. The VIAVI FMAX and FMAG adapter series are fully compatible
with the AC950 inspection platform, enabling a seamless transition from visual inspection to
optical measurement.

Integrated Inspection, Cleaning and Optical Measurement

These inspection tools can also be integrated into automated production systems, creating a
traceable record that inspection and cleaning were performed correctly on each device under test
(DUT). This removes operator ambiguity and provides documented evidence that contamination
was controlled before measurement began.

Bad References

Negative insertion loss values are a clear indicator of a flawed reference—but identifying and
preventing the root cause in a production environment is not always straightforward. Bad
references typically occur when a reference measurement is taken without a fiber connected,
often due to a missed or improperly executed process step.

VIAVI addresses this risk through the first-time setup workflow of the Passive Component Test
(PCT)system. During setup, expected reference power levels are benchmarked, and users can
define acceptable limits for reference-to-reference variation. Any deviation outside these limits
flags an invalid reference, preventing compromised measurements from entering production.
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Imprecise Mechanical Adapters

In high volume production and integration environments, even minor mechanical disturbances—
vibration, temperature shifts, or routine operator movement—can introduce measurement instability.
This instability wastes test time and creates uncertainty in results.

VIAVI's adapter ecosystem is engineered to mitigate these effects through mechanically stable
mounts and precision fit interfaces that maintain consistent optical alignment. The adapter
family spans single fiber, duplex, and multi fiber connector types, supporting FC, SC, LC,
duplex LC/SN/CS, and MPO/MTP/MMC interfaces.

The AC900 series adapters deliver enhanced mechanical repeatability using three pin locking
mechanisms, significantly improving measurement stability. This mechanical consistency is
critical for maintaining trusted results at production scale.

Measurement Risks

Power Output-Variance

A stable and known optical source is foundational to accurate IL/RL testing. As laser temperature
varies, output power can drift unless actively controlled.

One approach is heavy thermal stabilization, which is effective but often costly and overengineered
for production use. A more practical approach incorporates an internal power meter that continuously
monitors source output and compensates for drift in real time.

VIAVI's mORL implements this architecture, using VIAVI-designed power meters to ensure output
power is precisely known for every channel, at every moment, regardless of environmental conditions.

State-of-Polarization Variation

Polarization effects are one of the most commonly overlooked contributors to IL and RL
measurement error. Without proper polarization control, measured insertion loss can be
dominated by polarization dependent loss (PDL), resulting in misleading data.

To ensure measurements reflect true device performance, a genuinely depolarized source is required.
VIAVI's expertise in polarization control—developed through MAP 300 based solutions—has been
applied to the mORL through proprietary internal depolarization technology. Light is conditioned
before exiting the module, delivering stable, repeatable, polarization independent measurements.
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Switch Performance Repeatability

Many IL/RL test systems rely on optical switches to select measurement channels, but switch
repeatability directly affects overall system accuracy.

VIAVI's in house-designed mOSW and mISW switch families deliver proven performance and high
repeatability within the PCT architecture. Their modular design allows users to deploy only the
number of channels required, minimizing capital expense while maintaining measurement integrity.

As test demands grow, VIAVI's cascaded switch architecture enables channel expansion without
degrading measurement performance or requiring system redesign.

Read more about cascaded switches here:

https://www.viavisolutions.com/en-us/literature/

future-proofing-your-il-rl-testing-brochures-en.pdf

Power Meter Performance

Atits core, IL/RL testing is a power measurement problem. Regardless of system complexity,
accuracy ultimately depends on the quality of the power meter.

VIAVI's 35 year legacy in optical power meter design underpins its IL/RL solutions. The portfolio
includes both on module and remote head power meters, allowing measurement points to be
positioned optimally within the test workflow. This heritage ensures best in class linearity,
repeatability, and long term stability.

To learn more about our history of performance in power meters and standalone power meter
solutions, read further here: https://www.viavisolutions.com/en-us/literature/map-optical-
power-meter-mopm-cl-data-sheets-en.pdf.

Integrating Sphere Repeatability and Uniformity

For multi fiber connectors and high density cable assemblies, integrating spheres are essential
to capture light from all channels without repositioning fibers. Measurement uniformity across
channels is critical to ensure quality insertion loss values regardless of the polarity or connector
type being used to test.

VIAVI offers multiple integrating sphere configurations, including inline systems and sphere based
remote head solutions. Across all implementations, VIAVI delivers industry leading uniformity,
ensuring consistent and accurate measurements channel to channel.
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Why Trust Matters—and How VIAVI Earns It

Accurate IL/RL measurement is not achieved by hardware alone. It requires a vendor willing to
acknowledge every risk factor, explain why those risks exist, and design systems that explicitly
mitigate them.

Too often, testing solutions minimize or ignore contributors to measurement uncertainty,
leaving manufacturers exposed to yield loss, rework, and customer dissatisfaction. VIAVI takes a
fundamentally different approach.

For more than three decades, VIAVI has examined every element of the measurement chain—
process control, optical stability, polarization behavior, switch repeatability, power meter
performance, and integrating-sphere uniformity. These challenges are discussed openly because
they are engineered deliberately into the solution.

Our result is confidence. When measurement risk is addressed before a system ships, uncertainty
never reaches the production floor. VIAVI customers gain peace of mind knowing their measurements
are trustworthy today and scalable for years to come.

If you want a measurement solution built by engineers who obsess over accuracy, understand every
risk mechanism, and design systems you can stand behind, VIAVI is ready to partner with you.
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