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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -

Part 05: Investigation on impact of contamination and
scratches on optical performance of single-mode (SM)
and multimode (MM) connectors

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizafion com
national electrotechnical committees (IEC National Committees). The object of IECjs to pn
rnational co-operation on all questions concerning standardization in the electrical and electronic fiel
end and in addition to other activities, IEC publishes International Standards, TeChnical Specific

Puplication(s)”). Their preparation is entrusted to technical committees; any IEC Natiopnal Committee inte
in |the subject dealt with may participate in this preparatory work. Internatiohal,” governmental and
gojernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance ‘with conditions determin
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical ‘coOmmittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts aresmade to ensure that the technical content
Pupblications is accurate, IEC cannot be held responsible‘for the way in which they are used or f
mipinterpretation by any end user.

In |order to promote international uniformity, IEC National Committees undertake to apply IEC Publig

rising
omote
is. To
htions,

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter|referred to ag “IEC

Fested

non-
losely
ed by

tional
bm  all

tional
bf IEC
r any

ations

transparently to the maximum extent possible in~their national and regional publications. Any diverngence

befween any IEC Publication and the corresponding' national or regional publication shall be clearly indic3
latter.

itself does not provide any attestation\ of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent cettification bodies.

Alllusers should ensure that they-have the latest edition of this publication.

liability shall attach to IEClor)its directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out ©f\the publication, use of, or reliance upon, this IEC Publication or any othd
Puplications.

Atlention is drawn\to' the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

At{ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights® IEC shall not be held responsible for identifying any or all such patent rights.

ain’ task of IEC technical committees is to prepare International Standards. Howey

ted in
ormity

br any

s and
hge or
) and
r IEC

ons is

ect of

er, a

technical commitiee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC/TR 62627-05, which is a technical report, has been prepared by subcommittee 86B: Fibre
optic interconnecting devices and passive components, of IEC technical committee 86: Fibre
optics.
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The t

ext of this technical report is based on the following documents:
Enquiry draft Report on voting
86B/3442/DTR 86B/3489A/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A lis
inter

The

the gtability date indicated on the IEC web site under "http://webstore.iec.ch" in the
relate¢d to the specific publication. At this date, the publication will be

* reconfirmed,

e wjithdrawn,

* replaced by a revised edition, or

+ amended.

A bilingual version of this publication may be issued af a‘later date.

of all the parts in the IEC 62627 series, published under the general title Fibre
onnecting devices and passive components can be found on the IEC website'.

committee has decided that the contents of this publication will remain, unchanged

optic

until
data

IMPC
that

unde
colo

)JRTANT — The 'colour inside' logo on*the cover page of this publication indic
it contains colours which are® considered to be useful for the cor
rstanding of its contents. Users should therefore print this document usin
Ur printer.

Ates
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INTRODUCTION

Contaminated optical connectors result in degradation of optical performance, which can be
quantified by return loss (RL) and attenuation (A), functional failures and increased
deployment costs. Fibre optic connector endface cleaning is recognized as a necessity for
optimal signal performance. It is known that contamination impacts signal performance by
blocking the core and impeding light transmission, as well as by preventing direct physical
contact creating an air gap between the two connector enfaces [1, 2]1. If an air gap exists,
optical performance will be impacted due to the change in transmission medium. As
contaminated connectors are mated and demated, contamination can be redistributed around
the connectors’ endface and block the fibre core. This presents a risk of signal performance
degradation during the service life.

Sincg 2002, the iNEMI (International Electronics Manufacturing Initiative) working)group has
done| substantial work, both theoretical and experimental, on impact of -Scratches| and
contgmination on connector optical performance (A and RL). The following, cennector {ypes
have| been used for this research: single-mode (SM) physical contact (RC)‘\connectors, SM
anglg polished connectors (APC) and SM APC MPO connector. The\impact of polishing
scratches has been investigated for SM and multimode (MM) connectérs? The work presé¢nted
in this technical report was used as a base work for the development of IPC-8497-1 [3] and
IEC §1300-3-35 [4].

1 Figures in square brackets refer to the Bibliography.
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FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -

Part 05: Investigation on impact of contamination and
scratches on optical performance of single-mode (SM)
and multimode (MM) connectors

1 Scope

This |part of IEC 62627, which is a technical report, summarizes the extensive inc#stry
resegrch on development of cleanliness specifications for single-mode (SM)cahd multimode
(MM) connectors.

The gummary of the result shows Table 1.

Table 1 — Summary of the result

Samples A[RL Clause Refergnce

SM/NIM Single-fibre/ Scratch/Contamination/Defect
multi-fibre

SM RC Single-fibre Scratch RL 3 [11, [5]} [6]
MM pC Single-fibre Scratch RL 4 [7]
SM RC Single-fibre Contamination A and RL 5 [2], [6]} [8]
SM APC Single-fibre Contamination A 7 [11
SM APC Single-fibre Scratch RL 7.2 [11
SM APC Multi-fibre Contamination A and RL 8 [12

2 Normative references

are indispensable_ for/its application. For dated references, only the edition cited applieq. For
undated references, the Ilatest edition of the referenced document (including| any
amendments)-applies.

The ,{ollowing documents, in whole or in part, are normatively referenced in this documenf and

IEC 61300+3-6, Fibre optic interconnecting devices and passive components — Basic tesf and
meagurément procedures — Part 3-6: Examinations and measurements — Return loss

IEC 61755-3-1, Fibre optic connector optical interfaces — Part 3-1: Optical interface, 2,5 mm
and 1,25 mm diameter cylindrical full zirconia PC ferrule, single mode fibre

3 Abbreviations

A attenuation

APC connector angle polished connector

DUT device under the test

GWPOA gaussian weighted per cent occluded area
MFD mode field diameter

MM connector multimode connector


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC+61300-3-6+Ed.+3.0+b%3a2008
http://webstore.ansi.org/RecordDetail.aspx?sku=IEC+61300-3-6+Ed.+3.0+b%3a2008
https://iecnorm.com/api/?name=25c2d7db319a4725b6e9ba89ca19f32d
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OTDR optical time-domain reflectometer
OCWR optical continuous-wave reflectometry
PC physical contact

RL return loss

SM connector single-mode connector

4 Experimental methodology

In order to collect the data required to enable correlation between changes in optical
perfdrmance (A and RL) with fibre optic images of the corresponding connectors] the
expefiment followed a multi-step process that involved

a) initially inspecting, cleaning and imaging connectors being tested (DUTs) and/refefence
cpnnectors; making multiple matings and dematings of each DUT with~a refefence
cpnnector, and recording A and RL data after each cycle,

b) mnlanually applying dust to the cleaned endfaces of the DUTs, then

c) mjating contaminated DUTs with clean reference connectors at least five times, takjng A
apd RL measurements after each mating and saving fibre('endface images for|both
cpnnectors. The block diagram of the experiment is shown in-Figure 1.

All DUTs and reference connectors were initially inspected.'and cleaned using a cleganing
cassgtte. Endface images were saved using fibrescope @nd image analysis software.| This
softv{are was used to accurately measure the number of{particles, their size and their lodation
at th¢ connector endfaces. More than 80 cables withySC simplex connectors (the DUTs) [were
used|for the experiment. A small group of DUTs (five cables) with FC connectors, ten DUTs
with LC connectors, and five DUTs with MU connectors were added.

Fpply
Clean hdeasure contamination hlaasure A abyze
saple [T Mate "{ & RL H'l"""m T wouT 4, FL De-miate Data j
endfe

Recard Record
imagas |(° images [ ocumen|
Fepeat 10tme ¢ Fepeats tines

Figure 1 — Block diagram of design of experiment

After|cledan;measurements and images were recorded, Airzona test dust was manually agplied

to thie'cleaned endface of the DUT. The two grades of Airzona test dust used fof the
expefimwﬁmvmfmﬂﬂf?wmw—m—tﬁfﬁjnmﬂ%rmmmm—ﬁbﬁmlated

with a clean reference connector. A and RL data were recorded. Each DUT and reference
connector pair was mated and demated five times. After each mating, A and RL
measurements were taken. After demating, the images of the DUT and reference connector
endfaces were saved.

If the change in A or RL exceeded three times the standard deviation of A or RL for clean
connector, the connector was judged a failure due to contamination. The pass criteria were
achieved when both delta A and delta RL were within three standard deviations of A and RL.

The experimental methodology for SM APC connectors and for SM, APC MPO connectors
was also based on design of the experiment shown in Figure 1. The details of the
experimental procedure for these connector types are described in Clauses 8 and 9. The
details of the experimental methodology for MM connectors are provided in Clause 6.
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5 The impact of scratches on A and RL of single-mode connectors

A quantitative description of surface defects such as scratches and digs on optical
performance was developed based on theory of surface scattering [5]. Further development
led to a complete model for analysis of scratches impact on RL performance [6]. The model
was based on the Gaussian distribution of incident power and included the effects from
scratch location, size and number of the scratches. Based on the model it was predicted that
the scratches through the fibre core cause some severe degradation, the scratches outside
but near the core have some impact on RL, while scratches beyond 25 um diameter centre
area show little impact on RL performance [6]. These predictions were supported by
experimental data [1]. To properly characterize the impact of scratches on performance

parafmeters of mated optical connectors, first the optical performance parameters of pristine

optic
fibre

Scra
endf3
the fi

The

a) p
h
s
c
c) s
d
t

I.
S

endface, the optical performance parameters were measured again.

ces, while for second group of optical cable assemblies the scfaiches were appli
bre mode field diameter (MFD).

esults of this study indicated that

plishing scratches and scratches made during connector cleaning, outside the fibre

pve no impact on A and RL of the mated optical connectors,

nange observed is within the measurement uncertainty of the test equipment,

cratches, within the fibre MFD, can degrade‘the RL of the mated connectors. The le
bgradation depends on the size (width,anhd depth), and the number of scratches cro

Cratches outside the MFD area andiscratches through the fibre core correspondingly

Key A= 0,14 dB; RL = 54,7 dB Key A =0,11dB; RL =54,8 dB

Figure 2a — Pristine connector Figure 2b — Scratched connector

Figure 2 — Connector endface with the scratches outside the MFD area

bl connectors were measured. Then, after applying scratches at different locations -op the

A sgmple set of 24 optical cable assemblies and launch cables were, polished t¢ PC
perfqrmance using standard polishing process. The samples were divided 'into two gr

bups.

ches were induced only within the cladding region of the first\group of connfector

bd to

MFD,

cratches 2 um wide or less within the mode field”diameter have no impact on A; the A

el of
5sing

e fibre MFD. Figure 2 and Figure 3 provide the images of the connector endface with the
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6 Effects of scratches on RL of MM connectors C)

The pffects of scratches on return loss of 50 um core d§meter MM connectors have
expefimentally investigated. The results were prese at IEC SC86B, WG4 and
meetjngs, Charlotte, in 2005. All samples had endface geometry accordin
IEC #1755-3-1. The samples were polished mg 3 pum polishing paper. The

~10 - TR 62627-05 © IEC:2013(E)

Q
Key A= 0,10dB: RL =52,7 dB Key A =0,10dB; RL =40 /(k
Figure 3a — Pristine connector Figure 3b — Scratched c ctor

Figure 3 — Connector endface with scratches passing tQ:ough the core

A
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W G6
g to

RL

meagurements have been performed per IEC 0-3-6 (Method 1, OCWR or Method 2,

micrgscope as shown in Figure 4. The
analysed and found to correlate with con@c

b |

for scratch width, depth, and length
r RL performance.

OTDR) at A=1300nm. The connector eg ace was characterized using a con
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Figure 4 — Examples of characterized endfaces using confocal microscope [7]
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It was found that all tested multimode samples exceed 20 dB RL as shown in Figure 5.

Base

prop¢sed [7].

Q)

7.1

This

Electronics Initiative). The fibrexboptic signal performance project was focused on

deve

gradg¢s of Airzona test dust pn.optical performance of single-mode fibres was investigate

8].
7.2

The i

The i
close
contd

18
16
14
E 12
o 10
o 8 OTDR
= 6 i Coupler
4 4 .._-. L
0 S \
25 26 27
RL (dB)

Figure 5 — RL random mated connectors, A51,300 nm [7]
d on the study, the visual criteria for polished cennectors, 20 dB RL, 50 um
hvestigation of impact of contaminatjonon optical performance of 2,5 m

nd 1,25 mm connectors

General

was

m

clause summarizes research_performed by the INEMI (International Manufacturing

opment of a cleanliness specification for single- mode connectors. The influence o

Zone definitions

mpact of particle location on SC connector optical performance was studied in [2].

NEMI..used image analysis software to measure the distance from the core centre t
st edge of the particle. The dependence of delta attenuation, which is equal to A ¢
mifated case minus A of the clean case, is shown in Figure 6a.

the
f two
d[2,

p the
f the
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Figure 6a — Attenuation performance Figure 6b — RL performance

Figure 6 — Influence of the particle location on performance

Partigles located in the core area may result in catastrophic degradatien of A. The delta A was
from|[0,2 dB to 1,8 dB. The graph of delta RL as a function of the distance from the cenfre of
the cpre to the edge of the closest particle is shown in Figure 6b.)The presence of particles in
the cpre zone as well as the presence of clusters of particles\in‘the cladding and ferrule greas
may fesult in the catastrophic degradation of the RL with delta RL from 10 dB to 40 dB. Based
on this study the core zone with a diameter of 25 um Wwas recognized as the most criti¢al in
termg of the connector performance.

The following zone system was applied to both‘\25 mm and 2,5 mm ferrules: Zone A, With a
diampter of 25 um; Zone B within the cladding’area, (25 um to 120 um); the epoxy ring, |zone
C (120 to 130 um) and Zone D within the*contact area (130 um to 250 um diameter)] The
zonep are shown on all connector images.

7.3 Experimental data for 2,5 mm ferrule connectors

Two |examples of contaminateéd FC connectors are shown in Figure 7 and Figure B for
samples FC01 and FCO04, respectively. In Figure 7, FCO1 after the fifth mating is an exgmple
of negligible contaminatioh. within Zone A. In Figure 8, FC04 after second mating, s an
examnple of significant,centamination in Zone A.

The A and RL mean-and standard deviations for clean samples and the individual A, RL, |delta
A ang delta RL{data are shown in Table 2.

The passffail, based on the first method of testing delta against a three standard deviation
limit,|is_also shown in Table 2. As seen in this table, FC01 (after all mating) passed, afs the
contamination did not cause. a siqnificant increase in either A or R

After five matings/dematings the 25 um zone remained clean. The A did not change. The RL
change was within 3 standard deviations for the clean fibre. FC04 (second mating), Figure 8,
failed, as it had a large particle blocking a significant portion of Zone A, resulting in a
significant increase in A and decrease in RL (degraded performance). These changes were, in
fact, much larger than the three standard deviation limit. The core stayed contaminated during
the next matings/dematings. After five matings/dematings the optical performance was
approximately the same as after the second mating/demating. The presented data are in good
correlation with the previous data for SC connectors. The contamination of 25 um zone
resulted in a significant increase of the A and a reduction of RL. In many cases, the reduction
of the RL was observed when a 25 um zone was blocked and large clusters (>30 um) of the
particles were located in a cladding layer. The contamination of cladding and ferrule zone
didn’t result in any significant changes in optical performance if the 25 um zone was clean.
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Figure 7a - DUT Figure 7b — Referenceéae’
4
Figure 7 — FC01 images of DUT and reference fibreq/
after contamination and fifth mating (1/
©

&
Figure 8a — Df}\\ Figure 8b — Reference fibre

-

Fig@e 8 — FC04 images of DUT and reference fibre

after contamination and second mating

C)O

7.4 | Experim I data for 1,25 mm ferrule connectors (LC, MU)

The fibresc image of LC07, a 1,25 mm connector, after the first mating, Figure 9, rev
one pm rticle located in Zone A. However the contamination distribution (at the
matin

K no impact on optical performance as shown in Table 2.

paled
first

After the third mating/demating the particle distribution had been significantly changed. The
particles moved from the ferrule and cladding areas towards the core of connector LO7 and
reference cable TO7 as shown in Figure 10 and Figure 11. The DUT failed the pass/fail criteria
for both A and RL.

The contamination level in Zone A area was further increased after fourth and
matings/dematings as shown in Figure 11. As expected, the A and RL both were degraded, as
shown in Table 2.

fifth
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Table 2 — A and RL statistics for representative samples

Sample ID A mean A 302 RL mean RL 30° Delta A Delta RL Pass/fail
P dB dB dB dB dB dB

FCO01 (clean) 0,04 0,02 54 3,0 -— - -
FCO01 (1st mate) 0,05 - 55 - 0,01 1 Pass
FCO01 (5th mate) 0,04 - 55 - 0,00 1 Pass
FCO04 (clean) 0,13 0,03 54 1,4 - - -
FCO04 (2nd mate) 0,26 - 34 - 0,13 20 Fail
LC07 | B o444 .02 52 1.0

eteat} 844 8-62 53 -8 ~ I
LCO7 {1st mate) 0,12 - 53 - 0,01 0,0 r\mss
LCO7 (3rd mate) 0,23 - 28 - 0,12 25,0 Fpil
LCO07 {5th mate) 0,57 - 19 - 0,46 34, Fhil
8 0o means standard deviation. ﬂ/\,

Figure

O
Figure 9a — DG\

i LCO07 images of the DUT and the TO7 reference
O ibre after contamination and first mating

Figure 9b — T07 reference fibre
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Appr

)&Gtely 60 % of all investigated LC and MU connectors demonstrated the pdfrticle

O
Figure 10a — DUT Figure 10b — T(Q‘).lgference fibre

Figure 10 — LCO07 images of the DUT anﬂﬂhe
TO7 reference fibre after contamination m@/@:ird mating
N\

QFi§g41a - DUT Figure 11b — T07 reference fibre

igure 11 — LCO07 images of the DUT (Figure 11a) and the
@reference fibre (Figure 11b) after contamination and fifth mating

movement during the series of matings/dematings operations, with a corresponding increase
of A of 0,5 dB to 1,1 dB. The physical mechanism of the particle movement has to be further
investigated. SC and FC connectors appear to be more resistant to particle movement during
repeated mating/demating operations.

Contamination can also prevent direct physical contact creating an air gap between two
connector endfaces. An air gap of less than 200 nm for SC connectors was calculated based
on the RL of clean and contaminated connectors, as well as on geometric parameters (apex
offset, radius of curvature and fibre undercut) of the DUT and reference connector [2].

Overall, the contamination has similar impact on the optical performance of 2,5 mm and
1,25 mm connectors.
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7.5 Image analysis

A correlation between A and RL and the distance from the core to the edge of the nearest
particle was reported in [2]. It was a much more complex and difficult task to investigate the
potential correlation between A and RL and multiple particles distribution. The three main
characteristics of interest are the particle’s area, diameter and location relative to the fibre
centre. The occluded area feature of the image software computes the occluded area for
annular regions centred on the cladding [8]. The occluded area is the total particle area, for all
particles, within that annular region. An example of the occluded particle area binary image is
shown in Figure 12a for the fibrescope image shown in Figure 12b. The image has the particle
binary data colour-coded to identify within which annular ring a portion of each particle is
contai i ' i i fibre
cladding and core, and the white background is the epoxy zone. The width of the each|ring,
shown in Figure 12a, was 5 um, although the ring width used in the analysis was finer at
2,5

Figure 12a — 5, gmnannular rings Figure 12b — Fibrescope image

Figure 12 — Labelled detected particles with 5 um
annular rings and fibrescope image for LC07-WD-5M

7.6 | Gaussian weighted per cent occluded area

Normalizing by both area and a Gaussian weighting function, based on a model of the
intensity distribution of the fundamental fibre mode, yields the Gaussian weighted per cent
occluded area (GWPOA). The GWPOA is a single valued figure of merit representing the
overall cleanliness of the endface.

The intensity distribution of fundamental fibre mode [9] is expressed as

IO eXp('ZVZ/Osz),

where
Ig is the peak intensity;
r is the radial position;

of is the mode-field radius of single-mode fibre.
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To account for the effect of this intensity profile on the attenuation, the Gaussian weighting
factor, ' = exp(-2r2/cof2) was introduced. This weighting factor can be applied to the occluded
particle areas to weight the particle’s blocking effect based on the intensity profile. The
GWPOA is defined as

N

Za,-l“-

GWPOA=2—x100% (1)

ZAI-F-

fa)

wherp

a; is the size of particle;

r; is the Gaussian weighting factor;
A; is the area of the i"" ring.

For i[= 0, the ring is a circle centred on the fibre centre.

The mode field diameter of SMF-28 is 10,4 um at 1 550 nm. The GWPOA was calculatdd for
96 injages. The graph of delta attenuation versus GWPOASiS, presented in Figure 13| The
analysis does not include the particle effect of the mating reference connector.| The
correflation between the data points and the fitted curve is’0,82. The theoretical relatiopship
between A and the GWPOA is of great interest for furthier investigation.

1,2 >
® DeltaA  ==nGly. (Delta A) .
1 '0 Quadratic fit:
y = 0,000,9x3* 0,006 5x + 0,023 9
R = (0,816 6
0,8 3

Delta attenuation (dB)

40

GWPOA (%)

Figure 13 — Delta attenuation versus GWPOA

7.7 Inspection criteria matrix

Based on our previous research for scratches and contamination, as well as, on the
experimental data described in this paper, the inspection criteria matrix, Table 3, is proposed
for 2,5 mm and 1,25 mm ferrule PC connectors, SM fibre. The area with a diameter of less
than 25 um, Zone A, is considered the most critical in terms of optical performance. No
contamination and scratches are allowed in Zone A. The pass/fail criteria for the cladding
zone (Zone B), the adhesive zone (Zone C), contact zone (Zone D), are based on
experimental results for A and RL as well as on cosmetic requirements. The maximum size of
the contact zone of 250 um is defined on the conservative approach of the contact diameter
calculation for SC connectors [2].
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Table 3 — Inspection criteria for SMF pigtail and patch cord connectors, RL >45 dB

Diameter Allowable defects and scratches
Zone/description

um Defects Scratches

Zone A: Core zone 0 to 25 None None
o fimit <2 un No limit <3 um
Zone B: Cladding zone 25 to 120 5 from 2 um to 5 pm
None >3 um
None >5 um

Zone C: Adhesive 120 to 130 No limit No limit
Zong D Contact 3010 250 None =>10 pm No Tt

8 (Correlation study between contamination and signal degradation.in single-
mode APC connectors

8.1 General

This plause summarizes the correlation study between contamination-and scratches on single-
mode APC connectors and signal degradation leading to an acCceptance criteria matrix| The
resegrch has been published by Photonics North 2009 conference, Quebec City, Qug¢bec,
Cangda, May 2009 [10].

A grqup of 25, high quality, patch cords with SC/APC<connectors on each end was tested in a
pristine state for baseline performance (both the “average and standard deviation of|RL).
Start|ng with pristine connectors and introducing-only a small amount of loose particulgte, it
was ptudied how particles are redistributed during successive matings. Next, the effgct of
scratthes on SC APC connectors using a similar design of experiment was studied.

8.2 | Experimental data and analysisdor SM APC connectors

From| previous study on SM PC eonnectors, it was predicted that the core zone would be
highly sensitive to contamination=For this reason, a sample set was divided into two grpups.
Group A contained samples where dust touched or overlaid the 9 um core. Group B conttined
samples with dust on the cladding, but not touching the core. Typical pictures of the connfctor
endfaces from Group A.and B are shown in Figure 14.

RL decrease

Deltfa RL (B}

A

Group A Group B

Figure 14 — Left to right: Group A, Group B and average return loss decrease by group

As predicted, connectors in Group A demonstrated a dramatic decrease in average return loss
of 14,2 dB. In comparison, Group B, where dust was present on the cladding but the core was
clear, demonstrated a negligible change in return loss of 0,15 dB. It was concluded that strict
limitations on contamination in the core zone are required. Analysing Group B and
establishing failure thresholds for the cladding then became the focus of the study. While
contamination on the cladding does not always create signal degradation, it does in some
instances. Further, it has long been postulated that contamination on the cladding can
relocate during successive matings. To understand this problem, the behaviour of relatively
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large particles (~10 um diameter) versus small particles (<5 um diameter), was investigated
as shown in Figure 15. Loose particles were deposited on pristine connectors and mated
successively.

-
o
- r
-
Pristine condition Contaminated - loose debris Pristine cond ition Contaminated -logse dghbris
e
Ay e &
i, “* 4 LY
After 15t mating After 4th mating After 18t mating After 4th mating

NOTE|1 Four images at left are relatively large particles (~10 pm) “exploding” and spreading across fibre.

NOTE|2 Four images at right are small particles (< 5 um)-that do not demonstrate significant movement|under
succesgsive matings.

Figure 15 — Behaviour of relatively large particles versus small particles

Further investigation established_that particle migration during successive matings| also
occufs on the ferrule within the .contact zone (approximately <250 um), but does not se¢m to
be an issue beyond that zone.

In pgrallel, the effect ofiscratches on APC connectors was investigated, It was found, as
showhn in Figure 16, that even large numbers of scratches, including scratches acrosg the
core,[do not measurably degrade back reflection (return loss). This was contrary to the rgsults
for PC connectorstand was consistent with the design theory that underlies APC connectgrs.
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8.3

Baseld on the experimental data described in a previous, paper [10], an inspection cn
matri{x is proposed for SM APC connectors as shown in Table 4. For practid

cont

Scra
scrat
gove

threat that particles in this zone are highly likely to redistribute to Zone A during succe
matinigs. As particles below 5 um in diametér*are unlikely to move during mating cycles
practical to allow a small number of particles between 2 uym and 5 um in a cladding 1}
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Figure 16 — Test connector in pristine condition (RL= 67;5dB)
and after scratches applied (RL= 68,5 dB)

Inspection criteria matrix

ches are controlled separately. Zone A is tightly,'controlled for defects and a limit o
ches is placed as a demonstration of workmianship and process control. Zone
'ned partly by the experimental results for'\signal degradation (RL) and partly b

iteria
ality,

mination and all other defects are grouped under the single heading of “defg¢cts”.

four
B is

the
5sive
it is
rone.

Zone|C is prone to minor edge chipping, epoxy spread and other defects that are nlearly

impo

the dore, there are no defined failure conditions. Zone D is unlikely to contribute to s

degr
durin

thesg outer three zones.

Taple 4 — Inspection’ criteria for single-mode APC pigtail and patch cord connectd

5sible to discern from fixed particulate matter. Further, as this zone is relatively far

dation but some level of control is needed to address the threat of particle mig
mating cycles. It is technically reasonable to establish no limit on scratch cou

from
ignal
ation
t for

rs

Allowable defects and scratches

J N Diameter
4one/description um Defects
Number & width Scratches
Zone’A: core 0 to 25 None <4 scratcheq

No =2
Zone B: cladding 25to 120 5 from 2 to 5 um No limit
None > 5 um

Zone C: adhesive 120 to 130 No limit No limit

Zone D: contact 130 to 250 None =>10 um No limit

Clause 8 focused on the impact of contamination and scratches on signal performance of SM
APC optical connectors. Contamination led to clear proof that contamination touching or on
the core creates dramatic signal degradation and is unacceptable. While previous iNEMI
studies have shown that scratches on the core in PC connectors are highly problematic, the
APC connectors were remarkably robust. Moving out from the core zone, the limit on defects
is progressively more relaxed with the primary focus on removing large loose particles to
prevent the possibility of migration onto the core during successive matings.
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9 Development of cleanliness specifications for single-mode, angled physical
contact MPO connectors

9.1 General

This clause summarizes the iINEMI research on development of cleanliness specification for
single-mode, angled physical contact MT fibre optic connectors. The research has been
presented at the OFC/NFOEC 2008 conference [11].

The group of experimental samples included eight SM, MPO jumpers with low-loss MT angled
physical contact ferrules. Each MPO connector contained one row of 12 fibres. An
inter:]erometer was used for fibre endface geometry characterization of the MT ferfules.
Attenuation and RL for the MPO jumpers were measured using a multi channel back-reflgction
metef. Source wavelength was 1 550 nm. In order to investigate the impact of the scrafches
on optical performance of MPO connectors, the scratches were manually introduced tp the
conngctors’ endfaces. The experimental methodology in this case was the same as shon in
Figune 1. More than 250 mated fibre pair data points were gathered. The ‘effect of particle
redistribution on the MPO connector endfaces after repetitive series .of matings/demdtings
was investigated.

9.2 | Core zone analysis

For the single-mode fibre used in the low-loss APC MPO assemblies in this experimeni, the
mode field diameter (MFD) at 1 550 nm is 10,4 um + 0,5pum. Many of the fibre tips stydied
during the MT analysis were contaminated in this critical core zone of the fibre. For S1:ese

samgles, with increased contamination in the core zone, a definite trend of increasing gignal
degradation in both A and RL was observed. The ‘GWPOA was calculated for each image
using the image analysis software. Figure 17 illustrates the change in A and actual RL|as a
functjon of the GWPOA metric. The signal degradation can be a function of blocked or
reflegted transmitted power and/or Fresnel“losses due to loss of physical fibre contact
between the mated connectors.
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GWPOA (%)

Figure 17 — Impact of contamination in core zone for SM APC MPO connectors

9.3 Cladding zone analysis

Once confirmation of signal degradation was established with virtually any quantifiable
contamination in the core zone, the focus of the experimentation was shifted to the study of
the impact of contamination outside of the core zone. Contamination outside of the core zone
can result in signal degradation due to the loss of physical contact of the fibre pair.
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Multi-fibre, monolithic ferrules present a complex geometrical challenge in bringing all mated
fibre pairs into physical contact. The ferrules are prepared such that the fibre tips protrude
from the surface of the ferrule by an amount typically ranging from 1 um to 3 um. Common
manufacturing and polishing techniques often yield fibre tip distributions where the fibres in
the centre of the ferrule protrude slightly more than the fibres on the ends of the ferrule. This
phenomenon can result in varying fibre tip contact forces across the ferrule array [12]. Figure
18 illustrates the changes of A (delta A) and RL data for 12 channels of contaminated MT
connector and the positional tendency of loss of physical contact failures to occur on outer

fibres in the array.

In order to examine the impact of contamination in the cladding zones, fibre tips w

Fibre Position
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Figure 18 — Contamination failures due to loss of physical
contact by fibre position for connections of angled MT ferrules

contgmination in the core but with varying amounts of cladding contamination were studied.

Many cases exhibited severe contdmination in the cladding zones with no noticeable i

to signal performance. Figure 19.shows one of many such examples.

Robustness example #62 | A (dB)| RL (dB)
10X average 0,045| 73,5
Clean | 10X StDev 0,011 1,7
Average + 3*5tDev | 0,078 | 68,4
Contaminated 0,020 73,0

Figure 19 — Endface images of DUT and reference connector showing

no impact to signal performance

j;]‘h no
pact

Sixty-five (65) fibre pair samples were found with significant occluded area in the cladding
that had no impact on signal performance. Some fibre pairs had up to 30 % occluded area on
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cladding with no signal degradation. However, there were some fibre pairs in the cladding
contamination study that did exhibit signal degradation. There are nine data points, which had
minimal cladding contamination (<5 % OA from 12,5 um to 115 um) with some impact to
signal performance. These samples are considered to be specification limit samples, as the
concluded acceptance criteria must ultimately fail these data points to be effective.

Each of the specification limit samples had much more severe contamination in neighbouring
fibres. Specification limit sample #1 is illustrated in detail in Figure 20. This sample highlights
the contamination on the fibre pair under test in addition to the more severely contaminated
neighbouring fibre pair (fibre position 10). When compared with the sample data points from
Figure 18, this analysis suggests that severely contaminated fibre pairs in an array of fibres
on arf MT ferrule can impact signal performance on other fibre pairs in the array.

pbuT Limit sample #1 | A (d8)[RL (d&)] REF
10x average 0,033} 12,7
Clean|10x5tDev | 0,043 0,64
Average + 3*5tDev| D7y 70,7
Contaminated Q090 66,5

Limit sample 1
Fibre pasition 10
(adjacent fibre pair)

Figure 20 — Minimal MT/APC ccontamination on limit sample #1 with signal degradation

9.4 | MT APC scratch analysis

The jmpact of fibre-endface scratches on signal performance was also examined fof MT
conngctors. It was feund that for low power applications, no restrictions for light scratchg¢s on
the fibre tips aresrequired. Figure 21 illustrated a typical scratch analysis data point with the
pre-sicratch and. post-scratch images compared with A and RL performance. No notic¢able
impagt of lightscratches was observed.
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' .| Pre-scratch DUT q Post-scratch DUT
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51903-51L to 51910-10R F5| A (dB) | RL (dB)
10X average 0,114| 72,6
Clean |10X 5tDev 0,021 0,5
Average + 3*StDev | 0,176 71,1
Contaminated 0,124 724

Figure 21 — Typical lack of impact on signal performance
of light scratches on MT/APC connections

10 Conclusion

In early research the impact of scratches on aptical performance (RL) on fibre
conngctors was predicted based on modelling “data. It was shown that RL perform
depehds on the number of the scratches, differént'sizes and scratch location [6]. At the
time [the impact of scratches was investigated; experimentally for SM connectors [1]. It
found that scratches across the core resulted in severe changes of RL (delta RL >4 dB

The ¢xperimental data on the impact ofiscratches on RL of MM connectors were present
IEC BC86B/WG4 and WG6 meetings in Charlotte in 2005. It was shown that all tested
samples exceed the 20 dB RL requirement.

Sincg 2002, the INEMI has) conducted experiments to compare the effects of sp
contgmination and polishing scratches on the optical performance of SM fibre

optic
ance
same
was
and

the 1cratches outside of MFD have pragctically no impact on connector optical performance.

ed at
MM

ecific
optic

conngctors. The underlying support for the cleanliness specification was the experimlental

and theoretical analysis’ of contamination and optical performance parameters, A and RL

The

iINEMI compared theinfluence of Arizona dust particles on optical performance of 2,5 mm and

1,25 mm connectors. The similarities and some differences in optical performand

e of

contgminated 2,5 mm ferrule (SC, FC) and 1,25 mm ferrule (LC, MU) connectors were frTund.

The gone_of*25 um diameter was identified as critical zone in terms of the contami
influgnce\oh optical signal performance for all types of investigated PC connectors. Par

ation
icles

or sgratehes in this zone can affect signal performance; therefore, cleanliness guide

lines

should reflect this.

During the course of this investigation, several other observations were made:

a)

b)

First, in 60 % of all examined LC and MU connectors, a series of five repeated
matings/dematings operations resulted in an increase of attenuation of 0,5 dB to 1,1 dB
due to particle movement from the ferrule and cladding areas towards the core. SC and
FC connectors appear to be more resistant to particle movement during repeated
mating/demating operations.

Second, the correlation of the A changes to the particle sizes and distribution by the
introduction of Gaussian weighted per cent occluded area was explained. For computer
based inspection methods, using an occluded area might have been a more direct
measure of the total blocked area than a particle count based method.
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c)

d)

e)

The

Based on the study for SM APC connectors, a contamination touching or on the core
creates dramatic signal degradation and is unacceptable. Scratches practically have no
impact on optical performance of APC connectors. The data for SM APC MPO connectors
was in good correlation with findings for 2,5 mm (SC, FC) and 1,25 mm ferrule (LC, MU)
connectors. It was shown that contamination of the 25 um zone might result in increase of
A for MPO connectors (observed A delta maximum ~ 1,5 dB) and decrease of RL
(observed RL delta maximum ~ 21 dB). Based on these findings the core zone has to be
clean in order to sustain good signal performance.

The investigated MPO connectors provided examples of significant robustness in terms of
no impact of contamination in the cladding zone for optical performance. There were some
reported cases when lower levels of contamination in the cladding zone (per
cent occluded area <5 %) exhibited signal degradation; however, each of these samples
hpd neighbouring fibres with much higher amounts of contamination. This suggesty that
grge amounts of contamination on a single fibre pair in the array can cause lofs of
physical contact on less contaminated fibre pairs in the array. Furthermaore,”impdgct of
cpntamination on signal performance was most likely observed on outer fibres in the prray
where contact force is expected to be the lowest [12].
F
S

inally, this investigation has led to proposed acceptance criteriarfor different typges of
ngle-mode connectors including PC, APC and APC MPO connectars.

research has been used as a baseline for the development of IEC 61300-3-3% [4].

Contlrlming efforts will include development of a cleanliness specification for receptacle| type

of de

ices [13, 14].
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Annex A
(informative)

The nature of particle redistribution
during series of matings/dematings

General

An attempt was made to study the nature of particle redistribution during series of

matin
accu
2,5

prop
on O
move
resul
charg
move
by a
meth

A.2

Durin
re-dis
poter
move
fibreg

to have particles migrate to the core” after repeated mating/de-mating operations.
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ment and accumulation near the core. It was also shown that the ‘effect could be re

bplication of ionized air or by a fluid cleaning instead of ,dry cleaning process,
bds neutralizing the electrostatic charge at the connector endface.

Accumulation of particles near the core during repetitive fibre matings
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