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e -lgure 2 - Severely damaged

Degradation of Optical Performance of Fiber

Optic Connectors in a Manufacturing Environment

Degradation of return loss in connectors, due to
frequent reconnection, in a manufacturing
environment has been investigated.
Degradation by contamination and damage to
the connector endface causes an air gap
between matching connectors.

A group of 27 fiber optic cables with singlemode
SC connectors was evaluated. The cables were
originally used for traffic testing and optics
verification during the functional testing process
of a line interface input/output card. Each
connector had undergone approximately 1200
mating and demating operations during the
eighteen months of operation in a standard
manufacturing environment. An average particle
count of particles 0.5 um or greater measured
480,550 particles/m3 in this manufacturing
environment. This is classified as an ISO Class 8
environment. The cleaning process was not
strictly enforced during the time that these
cables were in use.
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Figure 1 - Severely damaged and
contaminated connector enface

[ 1 FiberChek - Westover Scientific EE®

Contamination: FAIL Soratches: FaIL

Crack/Chip: PASS Duter Diameter Color —

|8 Zone 4 | Zone B | B Zone C| Epowy Ring

nnector enface F

As seen in figures 1 and 2, connector
endfaces appeared to be severely damaged.
Pits, scratches, chips and contamination
were all clearly visible with fiberscopes.
Based on the SEM analysis the typical size
of the pits at the cladding area was 1-6 pm.
Several samples showed the presence of
non-removable contamination with a small
presence, (approximately 5%), of tin
particles. The size of non-removable
contamination at the cladding layer of
several samples was 20-22 uym with a
thickness of 0.18-0.2 um.

Typical Return Loss Measurements
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Figure 3 - Typical Return Loss
Measurements

Figure 3 shows a histogram of RL for the
group of degraded connectors. The
average RL is 41.9 +/- 8.3 dB at 1310 nm
and 42.9+/-8.3dB at 1550 nm. The
degraded cables have poor RL when
compared with good cables, which typically
have a RL of less than -55dB.

Our previous studies have shown that pits
and scratches have a greater effect on RL,
while contamination on the core region of
the fiber affects the IL of the connector.
The high RL can therefore be explained by
the presence of a large number of pits and
scratches on the connector endface. These
pits and scratches are likely the result of
contamination on the endface. If
contaminants were present on the
connector during the connection, they
would be pressed against the endface
leaving marks, scratches, or pits and
possibly even embedded particles.




Degradation of Optical Performance of Fiber
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Contamination on the connector endface due to
microparticles which, if not removed, are
pressed against the endface causing an air gap.
The air gap created by trapped particles between
the two ferrule endfaces is called the
contamination layer and is characterized by the
thickness, dc, and the refractive index, nc.

High index layer (h, n,)
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Figure 4 — Contamination layer causing an
air gap

In the case of contamination with microparticles
that do not block the core of the fiber, nc=1 and
the contamination layer can be characterized by
thickness only. A diagram identifying
contamination layer is shown in figure 4. To our
knowledge these types and sources of
contamination have not been identified and the
effects of the connector contamination on
9p5icg _Performance have not been investigated
in detail.
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Figure 5 shows the calculated RL values in which
the air gap was caused only by geometric factors
(undercut  and = apex offset with force
compensation). No contamination layer has been
considered in this case. Three 'out of 54
connectors, (about 5.5%), show a good match
between calculated and measured values. The
remaining connectors had higher measured RL
than calculated RL. The air gap caused by
contamination and/or the rough damaged
endface surface, may be responsible for the
degradation in RL.
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Figure 5 — Measured RL values compared with

calculated RL values where air gap was
sumed to only be caused by geometric factors
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Figure 6 - Measured RL values compared with
calculated RL values where air gap was
assumed to be caused by geometric factors
and the contamination layer

Figure 6 shows the calculated RL where the
contamination layer, in addition to geometric
parameters, is considered and compared
with the measured RL. The thickness of the
contamination air gap is calculated, and it
falls in the range of 1-4 nm. As seen on the
plot, the calculated RL values follow closely
the measured RL values. The model can
explain 48 out of 54 samples (about 89%).
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Figure 7 — Contamination layer thickness

In this paper the degradation of RL of fiber
optic connectors in a standard environment
has been investigated. It was shown that an
insufficient cleaning process combined with
frequent reconnection resulted in the
contamination and damage of the connector
endface. As a result, the physical contact
between matching connectors can not be
achieved. A RL model has been developed for
the presence of small (1-4 nm) air gaps
between the fiber ends. Proper cleaning and
handling processes can decrease long term
degradation of fiber optic connectors in a
standard manufacturing environment.



