Best Practice Briefing

Fiber Optic Connector
Handling, Inspection, and Cleaning
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microwave photonic systems
“Expand Your RF Horizons”
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Briefing Overview

Personnel Safety & Best Practices
Insertion Loss (IL) & Return Loss (RL)
Geometric Requirements (GR-326) Primer

Inspecting & Cleaning of Optical Interconnects
— Proper Tools

— Techniques

— Cleaning Procedures

— Support Products
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microwave photonic systems

CONNECTOR TYPES & GEOMETRY
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Warnings, Cautions, and Advisories

Warnings , Caution and Advisories (WCA’s):
Lasers used in optical communications systems pose a serious risk to personnel
and can cause permanent eye damage

* Never:
— Look into a fiber while the system lasers are on.

— Use unfiltered handheld magnifiers or focusing optics to inspect fiber
connectors

e Always
— Turn off any laser sources before you inspect fiber connectors, optical
components, or bulkheads.

— Make sure that the cable is disconnected at both ends or that the card or
pluggable receiver is removed from the chassis.
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Fiber Alignment and Insertion Loss

Ceramic alignment sleeve:
— Primary function is to provide ferrule alignment
Types of Misalignment

— Longitudinal (End Gap)

— Lateral misalignment : ! optical fver
— Angular misalignment

Fresnel reflection

— Caused by ferrule misalignment
— Results in up to 0.33dB Loss
Contamination on the side of the ferrule is leading cause
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Connector Types and Return Loss

e Return Loss

— Ratio of the Forward to the Reflected Power in dB

— Geometry & Polish Quality Dictates Final Performance

e Physical Contact (PC) Connections

— No end gap separation
— Cores are brought into intimate contact

e Connector Return Loss

— PC>30dB
— Ultra PC > 50dB
— APC > 65dB
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Connector Types and Mating
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Connector Geometry Using Interferometry
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Constructive interference Destructive interference
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PC Connector Geometry

e Connector standard Telcordia GR-326 defines
geometry standards for polished connectors

* Fiber and ferrule radius | || ‘
— UPC radius 10-25mm '

— APC radius 7-12mm
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Apex Offset Measurement

Fiber Center ——se —em——TOD Of
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Apex Offset Examples

e Requirement for Apex Offset <70um




Fiber Undercut and Protrusion

e Compares actual spherical shape to ideal calculated spherical shape.
* Measured in Nanometers — Typically +/-100nm.
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Interferometry Test Data: Graphical

« MPS Tests every connector tip.




Ferrule Endface Geometry Measurement History

Interferometry Test Data: Tabular

Cable |D#:

MPS-7676

Connector Type APC/ UPC :

APC

Measurement Time & Date:

20120807 112523

Fitting Regions:

D=250um; E=140um; F=50um;
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PASS/FAIL Settings Measurement Passed
Measurement Parameter — — 3
Minimum | Maximum Result or Failed
Ferrule Radius of Curvature 5.00 12.00 8.85|mm PASS
Fiber Radius of Curvature n/a nfa 8.69|mm
Fiber Height (Spherical Fit) -100.0 100.0 11.5]lnm
Fiber Height (Planar Fit) n/a n/a 254 .6{nm
Apex Offset 0.0 70.0 0.2|um
Apex Bearing n/a nfa 347 5ldeg.
Angle Error n/a nfa 8.000|deg.
Key Error n/a nfa 0.001|deq.
Fiber Roughness (Sq) 0 50 2|lnm
Ferrule Roughness (Sq) 0 50 6|nm
Ferrule Bore Diameter n/a nfa 126.8|um
Comments
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Importance of Geometry

e When PC connectors come into contact, the
apexes touch first.

 The Fibers begin to flatten out.

e The flattened area extends out to 250um onto
the ferrule.
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microwave photonic systems

OPTICAL ENDFACE INSPECTION AND
CLEANING
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Moisture Rings (Normal)

Normal moisture used to illustrate apex orientation:

F

Good Apex

- Average Apex
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Connector Keyway Standards

e Relevant Standard:
— TIA-604-4-B FOCIS-4 Fiber Optic Connector Intermateability
— Applicable for Type FC and FC-APC

e Defines Plug and Receptacle keyway tolerances
— 2.14mm Type N (NTT) Receptacle 2.15-2.20mm

— 2mm Type R (Reduced) Receptacle 2.03-2.08

Note:
— MPS installs only the tighter Type R mating adapters.

— Wide keyed connectors will not mate properly and may
cause damage.
<>
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Inspect Clean Inspect Connect

’Inspect every connector prior to mating - no exceptions!

*(Clean the connector free of all contaminant
‘|nspected again before mating to verify properly cleaned

*Connect for final system hookup
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Inspection Scopes

e Minimum of 400X magnification optics
e Optimum is a bench top system w/ LCD

A handheld inspection probe for receptacles.




A Clean End Face

9/125um Singlemode Fiber
With core illuminated




Typical Contaminants

A 1-micrometer dust particle on a single-mode core
can block up to 1% of the light (a 0.05dB loss).

A 9-micrometer speck is still too small to see without

a microscope, but it can completely block the fiber
core.

By comparison, a typical human hair is 50 to 75
micrometers in diameter.

Even though dust might not be visible, it is still
present in the air and can deposit onto the
connector endface.
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Difficult Contaminants

Oils
— Frequently from handling by human hands

Powdery Coatings / Residues
— Left after water or other solvents evaporate

These contaminants can be more difficult to remove than dust
particles and can also cause damage if not removed.

A contaminant can be burned into the fiber endface if it
blocks the core while the laser is turned on.

This burn might damage the optical surface enough that it
cannot be cleaned. It must be replaced.
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Importance of Cleaning

Contamination can cause system failure
Essential for establishing quality connections
* Low Insertion Loss

e Good Return Loss

Even microscopic dust particles can cause a variety of
problems for optical connections.

Dust particles trapped between two fiber end faces
can scratch the glass surfaces.
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Importance of Cleaning

Trapped Dust Particles Resultant Damage of
Trapped Dust Particles



General Cleaning Process

Inspect the fiber connector, component, or bulkhead
with a fiberscope having a 400X.

If the connector shows contamination, clean it first
with a light dry cleaning technique.

Inspect the connector.

If the connector is still showing contamination, clean
it with a wet cleaning technique, followed
immediately with a dry clean in order to ensure no
residue is left on the endface.
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General Cleaning Process

When wet cleaning bulkheads and receptacles, use only
a lightly moistened cleaning stick.

Never spray solvent directly into a bulkhead receptacle.
Inspect the connector again.

If the contaminate still cannot be removed, repeat the
cleaning procedure until the endface is clean.

If permanent damage is observed, the connector
should be replaced
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General Cleaning Best Practices

e Always wash hands thoroughly before handling
e Use Re-sealable containers to store

e Cleaning Tools
* Dust Caps
* |nspection Devices

* Never allow cleaning alcohol to evaporate slowly

e Leaves residual material on the cladding and core.
e Liquid alcohol can remain in small crevices or cavities
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Recommended Cleaning Products

e MPS does not recommend canned air for cleaning.
e QBE wipes are effective for dry and solvent cleaning
 MicroCare FPF is a recommended solvent.

e ElectrO-Wash
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microwave photonic systems

EXAMPLES OF CONTAMINATION &
DAMAGE
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Typical Contamination

Dirt, Residue and Oils Dirt and Debris
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Typical Contamination

Dried Solvent Residue Skin Qils
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Typical Contamination




Permanent Damage




Permanent Damage




Severe Permanent Damage
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Severe Permanent Damage




microwave photonic systems

SUMMARY OF KEY POINTS
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Review of Cleaning Steps: Always

Inspect the connectors and bulkheads before cleaning.

Inspect and clean the connectors before making a connection.

Keep a protective cap on unused fiber connectors.

Store unused protective caps in a re-sealable container to
prevent the possibility of the transfer of dust to the fiber.

Discard used tissues and swabs properly after each use.

Use a high grade Isopropyl Alcolglfor cleaning.
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Review of Cleaning Steps: Never

Connect a fiber to microscope while the system lasers are on.

Clean bulkheads or receptacle devices without a way to inspect
them. (Operational Decision)

Reuse any tissue, swab or cleaning cassette reel.
Never Touch The:
* End face of the fiber connectors
e Clean area of a tissue, swab, or cleaning fabric.
e Portion of a tissue or swab where alcohol was applied.
e Dispensing tip of an alcohol bottle.

Never use alcohol around an open flame or spark, alcohol is very
flammable.
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