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A Proposed Cleanliness Specification for
Expanded Beam Connectors

The cleanliness of a lensed surface is quantified by:
Specifying the intensity distribution at the lensed surface
Measuring the distribution of dust on this surface

Calculating the loss

The Calculated Lossis compared to an Acceptable Loss Limitto determine whether a dusty lens
(passe® dailsO O

This can be easily incorporated into existing connector inspection equipment, which can generate
both a pasdfail message and the Calculated DustLoss
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Calculation of the Dust Loss




Multimode Dust Loss Calculation

The multimode dust loss* is calculated based on two inputs:

A The distribution of dust particles: D(x,y) D(X y) I(X y)
A The distribution of light: 1(x,y) |

i

A

BRI

This Calculated Lossis strongly correlated with the Measured Loss The Calculated Lossis nearly
identical to the Simulated Lossdetermined by optical modeling.

* Al'l three types of | oss (Measur dassoCal cul at e
the additional loss caused by the presence of dust
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Intensity Distribution

The intensity distribution at the lens surfaceis approximated by a quadratic function of radius:

r a)_él- (r/a)’ O¢rc¢a
T 0 otherwise

Note: this is the intensity distribution at the endfaceof a graded-index multimode fiber with
Over-Filled Launch conditions

A quadratic function is a reasonable, simple approximation to the
Over-Filled and Encircled Flux intensity distributions at the lens surface

The diameter (2a) of the expanded beam of the
PRIZM® MT is approximately 200 um
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Calculating the Dust Loss: Image Processing

Calculated Measured Dust Intensity
Intensity Distribution Distribution
Distribution Obscured by Dust
(Xy) D(xy) 1(X,y)D(x,y)
I

Sum over all pixel N Sum over all pixels
T _ N1{ Y)D(x y)dxdy
Dust,MM ﬁ | ﬁ, y)dXdy
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Preliminary Results

Data taken February 2627, 2018 by US Conec and FiberQA




Repeatabllity

The repeatability of the Measured and Calculated Loss was measured before the main experiment,
for both clean and contaminated samples, with and without re -mating between measurements.

In hindsight, the contaminated sample is not ideal.
The lenses have either too much (> 1 dB) or too little (<0.1 dB) contamination.
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Repeatability Images (Raw and Processed): First 3 Sets
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Repeatability Analysis of the Calculated Loss of
Contaminated Lensesbefore the Experiment

Gage R&R (ANOVA) Report for Calculated Loss

Reported by:
Gage name: Tolerance:

Date of stuc.iy: Misc:
Sample Standard Deviation

Components of Variation S Chart

E 50 R — UCL=03286
o 5 02 \‘\. 5-0.1866
0.0 \\\'_”'“\0—0——'——. LCL=00446
01 02 03 04 05 06 07 08 09 10 11 12
Part
ngh XBar Chart
. i 3
variability for ) M
samples with 2: !
high loss £, X e No data
\ between 0.1
01 02 03 04 05 06 07 08 ’ 01 02 03 04 05 06 07 08 09 10 11 12 and 1-0 dB

Lens Part



Repeatability Summary

Measured Loss, Pre-Test

A - Clean, nore-mating, first sample: 60= 0.013 dB Note: The quantization error
_ . for a meter with 0.01 dB
B - Clean, nore-mating, second sample:6U= 0.018 dB resolution is: 6U=0.017 dB

C - Clean,with re-mating, second sample: 8J= 0.028 dB

D - Contaminated, with re-mating, second sample:6U= 0.20dB  99.7% of measurements fall
Measured Loss, Post-Test within +3Uof the average
E - Clean, nore-mating, first sample: 6U= 0.016dB

F - Contaminated, with re-mating, second sample: 8J= 0.21 dB

Calculated Loss, Pre-Test . _
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D - Contaminated, re-mating: 6U= 1.8 dB
Calculated Loss, Post-Test .
F - Contaminated, re-mating: 6U= 0.5dB "



Experiment: Measured and Calculated Loss

Measure
IL (1)

Add Dust Measured Loss (dB)
= IL (2) dBSIL (1) dB

Measure
IL (2)

Note: each contaminated lens Add or Remove BREE Change

IS measured only once. Contamination?
Every data point represents a
unique distribution of dust.
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Calculated vs. Measured Loss 172 Independent Data Points
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Calculated vs. Measured Loss, with Comments

All Data Significant scatter when the Measured 051dB
5 Loss is above 1 dB 1.0

The Calculated Loss is above 1 dB,
which signals to the user that the lens
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Calculated vs. Measured Loss Calculated

=1.09° 0.08(3s)

Measured
All Data
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Residuals are smaller when the loss ismaller
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Data wi th
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Residuals are smallemwhen the loss is smaller
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Setting the Calculated Loss Limitd An Example

Calculated Loss (dB)
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In this example, the goal is to keep the
actual (measured) dust loss less than 0.5 dB.

We set the pass/fail limit for the Calculated Loss
at 0.5 dB, so thatno dirty parts are accepted.

30% of the time, a clean part is rejected.

Even though the data is noisy and the pass/fail
limit is biased to avoid accepting dirty parts, the
correct decision is made 70% of the time.

COMMSISPE



Conclusions

A As in the Phase | experiment the Calculated Loss is correlated with the Measured Loss

A The repeatability of the Calculated Loss is not as good as hoped

A This appears to be due to focusing errors that were not noticed during data collection,
which is in turn due to the unusually large thickness of the contaminants

A The repeatability improves significantly at lower losses. At zero loss (no dust particles) the
repeatability of the Calculated Loss is perfect!

A Even with this noisy data, it is possible to set a pass/fail limit on the Calculated Loss such
that:

A No dirty parts are accepted
A Most parts are correctly identified as clean or dirty

A The Calculated Losss a quick, simple measure of contamination by dust

These are preliminary results.The experiment started 2 weeks ago today.Changes to the image
analysis may improve the results.
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