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INEMI Introduction

¥ INEMI (International Electronics Manufacturing Initiative)
research to develop a cleanliness specification for fiber
optic connectors based on correlation with optical
performance metrics

D Insertion Loss (IL) and Return Loss (RL) for this study

¥ Quantitative experiments conducted to evaluate the impact
that contamination has on 2.5 mm and 1.25 mm ferrule
based connector’s performance.

¥ Contamination within 25 um of the core has most influence
on the optical performance of SC connectors.

¥ Research used in the development of IPC-8497-1 “Cleaning
Methods and Contamination Assessment of Optical
Assembly” standard.
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IN&EMI Fiber Optic Signal Performance Project

Our Objectives:

¥ Develop cleanliness criteria for SMF Pigtail and Patchcord
Connectors based on quantitative data

¥ Collaborate with IPC on development of IPC-8497-1,
“Cleaning Methods & Contamination Assessment for
Optical Assembly”

¥ Harmonize our recommendations across all
vendors/CMs/OEMs to achieve a true international standard

¥ Develop a recommendation for single mode connector

pass/fail criteria for consideration by the members of WG4
and WG6 for possible inclusion into IEC SC86B standards
document on fiber optic connector end face requirements.
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iNEMl Experimental Block Diagram
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iNEM| Connectors Tested Summary

¥ SC connectors >80 SMF cables

¥ FC connectors 5 DUTs

¥ LC connectors 12 DUTs

¥ MU connectors 5 DUTs

¥ Total of > 550 experimental points including IL, RL

and fiberscopic images for the test cable and
reference cable before and after contamination
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o
INEMI Zone Definitions for Fiber Surface Analysis

Contact Cladding,
Diameter 25um<d<120um
130um<d<250um

Area near the
core, d<25um

Ferrule Diameter
250um<d<400um

Epoxy Ring Zone,
120um<d<130um
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FC Connectors

FCO01-5t Mating FCO04-2nd Mating

Initial FCO01- Limit Initial FCO04- Limit
(dB) 5th (dB) | (dB) (dB) 2nd (dB) | (dB)
IL |{0.04 0.04 0.06 IL [0.13 0.26 >0.16
RL | 54 55 51 RL | 54 34 <h2.6
Passed: < 3 StDev of Clean Fiber Failed: > 3 StDev of Clean Fiber
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LCO7-1st Mating

LCO07-3" mating

iNEM| LC Connectors- LC07 1st, 3rd, 5th Mate

LCO7- 5" mating

Initial | Limit | 1st 3rd | 5th

(dB) |(dB) |(dB) |(db) |(dB)
IL 0.11 | 0.13 ] 0.12 | 0.23 | 0.57
RL 53 52 53 28 | 19
Status - - Pass | Fail | Fail
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Passed

MU connector - 1st Mate MU connector - 5th Mate

Initial | Limit | 1st 5th
(dB) |(dB) |(dB) |(db)

IL 0.11 |1 0.14 1 012 |1.23
RL 52 51 51 15
Status - - Pass | Fail
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iNEMl Image Analysis

¥ Over 270 images were processed using FiberQA

¥ Particles within the cladding & core area detected and
area, diameter and location measured

¥ Occluded area computed using a fine set of annular
rings (2.5 ! m spacing)
¥ Quantitative, detailed data provides means of

objectively comparing particle blockage to insertion
loss and return loss data
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o
IN&EMI Particle Detection Overlays

Raw Cropped Image Detected Particle Overlay
¥ The raw image (left) was processed to detect and quantify the particles on the
surface, shown in overlay (right).
¥

Scratch processing was disabled for purposes of this analysis.
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L abeled Detected Particles
with 5 um annular rings.
Black areaisferruleand grey isfiber.

Raw image for L CO7-WD-5M taken
with Westover Microscope
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INEMI

Occluded Area (um~2)
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iNEM| Occluded Area Increased by Mating

¥ The sample LC07 exhibited movement of
contamination towards the core over a series of
mating/demating cycles

b Before mating core clean

b 1st mating 1.4% occluded
b 2nd mating 11.6% occluded
b 4th mating 32.9% occluded

¥ The particle movement resulted in significant
degradation of optical performance (delta IL=0.46dB
and delta RL=24dB) over the mating cycles
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INI&EINl Gaussian Weighting Factor

¥ Dr. Sun-Yuan Huang of Intel, suggested a valuable improvement that

takes into account the Gaussian distribution of the fundamental mode of
the fiber.

¥ The intensity distribution of fundamental fiber mode is expressed as |
exp(-2r/! 2), where |, is the peak intensity, r is the radial position and | ;IS
the mode-field radius of fiber mode.

¥ To account the effect of intensity profile on the insertion loss we introduce
1] —
the Gaussian weighting factor = = exp(-2r2/! f2)_
¥ The Gaussian weighted % occluded area is defined as

N
I a1| |
f (%) =2 ¥100

1 AI|

where a; is the size of particle at ith ring, " ; is the Gaussian
weighting factor for the ith ring, and A, is the area of the ith ring. For
i = 0 it denotes the initial circle.
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INEMI

Three non-removable particles
at the end-face of fiber stub:

~~ -

0: Initial circle with radius of 2.5 pm
1: 15 ring with 2.5 pm width
2: 2™ ring with 2.5 pum width
3: 3" ring with 2.5 pm width
4: 4% ring with 2.5 pm width

Gaussian Weighting Example

The Gaussian weighted % occluded areais
f(%) - (alll 1+a2II 2+a.4ll 4)/ (AOII 0+A1II 1+A2II 2+A3II 3+A4II 4)

i= 0 1 2 3 4
r (um) = 1.25 3.75 6.25 8.75 11.25
"=| 0.83765| 0.20303 | 0.01193 | 0.00017 | 0.00000
a (um? = 0 4.91 4.91 0.00 4.91
A (um?) = 19.63 58.90 98.17 | 137.44 | 176.71
a" (um? = 0| 0.99663 | 0.05855 | 0.00000 | 0.00000
A" (um?= | 16.44723 | 11.95962 | 1.17104 | 0.02335 | 0.00010
f (%)= 3.56
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iNEMI Delta IL vs Gaussian Weighted % Occluded Area
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TheDetalL for the wor se-case defects and scratches based on
inspection criteriaislessthan 0.03 dB
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iNEMl Worst Case for SMF End-face Defects

<+— 5 Defects
with 5 um diameter

31 Defects
with 2 um diameter
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iNEMI Gaussian Weighted % Occluded Area
for Worst-case Defects per Inspection Criteria

Inner Outer Mid pefect Defect
Radius Radius | Radius i GWF* A, N of Diameter Area GWF* a,
Zone (um) (um) (um) GWF, (um?) (um?) Defect (um) (um?) (um?)
0 2.5 1.25 0.89 19.63 17.49 0 0 0 0
2.5 5 3.75 0.35 58.90 20.82 0 0 0 0
5 7.5 6.25 0.06 98.17 5.46 0 0 0 0
7.5 10 8.75 3.47E-03 137.44 0.48 0 0 0 0
la - Core 10 12.5 11.25 8.60E-05 176.71 1.52E-02 0 0 0 0
12.5 15 13.75 8.45E-07 215.98 1.83E-04 31 2 97.39 8.23E-05
12.5 15 13.75 8.45E-07 215.98 1.83E-04 5 5 49.09 4.15E-05
15 17.5 16.25 3.29E-09 255.25 8.41E-07 5 5 49.09 1.62E-07
17.5 20 18.75 5.09E-12 294.52 1.50E-09 0 0 0 0
1b B 20 22.5 21.25 3.12E-15 333.79 1.04E-12 0 0 0 0
Cladding 47.5 50 | 48.75 4.56E-77 765.76 3.49E-74 0 0 0 0
50 52.5 51.25 4.25E-85 805.03 3.42E-82 0 0 0 0
52.5 55 53.75 1.57E-93 844.30 1.33E-90 0 0 0 0
55 57.5 56.25 2.31E-102 883.57 2.04E-99 0 0 0 0
57.5 60 58.75 1.34E-111 922.84 1.24E-108 0 0 0 0
Sum(um?) 11310 44 f(% )= | 0.00028
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iNEMl Inspection Criteria for SMF End-face

| nspection Criteriafor SMF Pigtail and Patchcord Connectors

Allowable Defects and Scratches

Zone/Description Diameter Defects (diameter) Scratches (width)
la— Core Zone % .to 25 none none
microns
any < 2 microns
1b — Cladding Zone 25 .to 120 5 from 2 - 5 microns none > 3 microns
microns :
none > 5 microns
Adhesive Zone 120. to 130 any any
microns
2 — Contact Zone 130. to 250 none > 10 microns any
microns
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ING&GEMI Further Research

¥ Development a cleanliness specification for
multimode (MM) fiber, MT connectors and receptacle

type of devices.

¥ Early results from single mode angle polish MT
connectors presented in next section.
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INNEMI  SM Angled MT Endface Quality Study

¥ 12 Fiber, Low-loss (0.35dB max IL) Ferrules
b Stability needed to characterize end face quality
¥ 8 Deg Angle Polish, 1-3 micron Protruded Fiber Tips

¥ MPO Connector Spring Force (~2 Ibs.)

¥ 10 clean reference to clean DUT cycles used to
establish uncontaminated baseline
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iNEM| MT Endface Quality Study Challenges

¥ Ferrule Endface Geometry

b Varying fiber tip protrusions result in varying contact
forces
¥ Fiber tip shape variation from differing polishing and
endface production methods

¥ Ferrule surface area (Zone D) is difficult to
characterize due to glass filler material
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iNEMl Sample MT Endface Data

Clean DUT Contammated DUT (Arlzona Road Dust)

Zone A — 25 micron |611-23 Ref B604B DUT; F6 D1 IL (dB) RL (dB)
average (10X) 0.098 69.4
clean |std deviation 0.013 0.7
. average + 3X std dev 0.137 67.4
() Core~ 10 micron Contaminated 0.430 33.4
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INEMI
Clean DUT

v -9

Sample MT Endface Data

(Ari

zona Road Dust)
- .. ¥ .‘- e ¢ ‘
& ] :.:;.‘-!. :‘_v"._ - F "“.' ‘ ; .

Zone A — 25 micron 6958 Ref D602B DUT; F6 D1 | IL (dB) RL (dB)
average (10X 0.131 72.9

clean |std dewvation 0.028 1.6

average + 3X std dev 0.214 68.1

O Core — 10 micron Contaminated 0.150 51.8
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iNEMl Sample MT Endface Data

Zone A — 25 micron |695B Ref D602B DUT; F8 D1 IL (dB) RL (dB)
average (10X) 0.019 70.0
clean |std deviation 0.017 0.7
average + 3X std dev 0.069 68.0
O Core — 10 micron Contaminated 0.010 71.0
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iNEMl Sample MT Endface Data

Zone A — 25 micron |603B Ref 604C DUT; F6 D2 IL (dB)  RL (dB)
average (10X) 0.008 63.5
clean |std deviation 0.006 0.5
average + 3X std dev 0.091 61.2
O Core — 10 micron Contaminated 0.080 61.4

INECT WITH AND STRENGTHEN YOUR SUPPLY CHAIN

RO TN



iNEM| MT Endface Quality — Moving Forward

K K K K

K

Additional data collection: Debris & Scratches
Examine for migration effects over repeated matings
Analytical Analysis

Proposed Specification

Is a separate endface quality spec needed for
MT/Angled connectors?
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IN&EMI Conclusions

¥ The INEMI team conducted experiments to compare the
effects of specific contamination on the optical
performance of fiber optic connectors

¥ The similarities and some differences in optical
performance of contaminated 2.5 mm ferrule (SC, FC) and
1.25mm ferrule (LC, MU) connectors were found.

¥ In 60 % of all examined LC and MU connectors, a series of
five repeated matings/demating operations resulted in an
increase of IL of 0.5 to 1.1 dB due to particle movement
from the ferrule and cladding areas toward the core.

¥ Developed empirical model between IL and the Gaussian
Weighted % Occluded Area.

¥ The standard IPC -8497-1, “Cleaning Methods and
Contamination Assessment for Optical Assembly” was
published in Feb 2006.
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