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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 3-307 Examinations and measurements —

Sl omele e opeppes e cn sipetle aee g e
Lifil I
Endface geometry of rectangular ferrule

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization-fer)standardization compri
Bll national electrotechnical committees (IEC National Committees). The object@fdEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and\etectronic fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). T|
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates(closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement between the two organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati
Consensus of opinion on the relevant subjects since .eath technical committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations*for international use and are accepted by IEC Nati
Committees in that sense. While all reasonablerefforts are made to ensure that the technical content of
Publications is accurate, IEC cannot be held\responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent pessible in their national and regional publications. Any divergence betw
any |[EC Publication and the corresponding national or regional publication shall be clearly indicated in the la

EC itself does not provide any(aftestation of conformity. Independent certification bodies provide confor
bssessment services and, in~“seme areas, access to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure.that they have the latest edition of this publication.

No liability shall attach’to IEC or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage.of\any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses ariSing out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publicat

ndispefisable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pa
rights. IEC shall not be held responsible for identifying any or all such patent rights.
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Attention is_drawn to the Normative references cited in this publication. Use of the referenced publications is

ent

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change has
been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61300-3-30 has been prepared by subcommittee 86B: Fibre optic
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2003. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) measurement of the individual fibre tip radii;

b) |introduction of the geometry limit (GL) metric;

c) |introduction of the minus coplanarity metric;

d) [new method for measuring the core dips;

e) |all measurement regions are now identical for MM and SM fibres;
f) [the ferrule surface angle sign convention has been changed.

The text of this International Standard is based on the following documents:

FDIS Report on voting
86B/4357/FDIS 86B/4378/RVD

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

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

A list of all parts in the IEC 61300 seriesy published under the general title Fibre optic
int¢rconnecting devices and passive components — Basic test and measurement procedures,
can be found on the IEC website.

The¢ committee has decided that:the contents of this document will remain unchanged until the
stapility date indicated on the JEC website under "http://webstore.iec.ch" in the data related to
thel specific document. At thisidate, the document will be
e |[reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended:

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 3-30: Examinations and measurements —

Polish-angle E'“EII I.'EI.EI'E |ass|t|s|||sn single-ferr
Endface geometry of rectangular ferrule

IEC 61300-3-30:2020 RLV © IEC 2020

Thi

Scope

s part of IEC 61300 describes a-procedure-to-assess method of measuring the end f

gedmetry-in-guidepin-based-multifibre ferrules-and-connectors of rectangularmultifibre ferr

ha
en
fib

L

ing an IEC defined optical interface. The primary attributes are fibre_pesition relative to
face, either-undercut withdrawal or protrusion, end face angle reldtive to the guide pin bo
tip radii and core dip for multimode fibres.

Normative references

Thy

3

No

1Sq

bre are no normative references in this document.

Terms and definitions
terms and definitions are listedin this document.

and IEC maintain tefminological databases for use in standardization at the follow

addresses:

4

IEC Electropediaavailable at http://www.electropedia.org/

ISO Onlinedbrowsing platform: available at http://www.iso.org/obp

Gengral description

Gu

ce
les
the
res,

&2

ing

de\pin based multifibre connectors plugs typically have a rectangular end face with a Iq

ng

axis and a short axis. Ideally, a flat polish is desired on the end face with the fibres protruding
slightly and all in the same plane to assure physical contact of the fibre cores when two
connectors are intermated. In practice, the end face typically has two different curvatures across
the surface along the long and short axis. Since mated ferrules are aligned by pins in the guide
holes, the end face of the ferrule—must shall be properly oriented (X—ard—~Y—-angle S, and Sy

angles) with respect to the guide holes to achieve positive contact. The end face angle S, in the
x axis and the end face angle 5, in the y axis are measured by finding the best fit plane based

on a percentage of the highest points in a specified region of interest. The highest points
typically show the greatest modulation from an interferometric standpoint. This allows for more

rob

ust measurements and greater repeatability between different interferometers.

The angle of the best fit plane is calculated by comparing it to the reference plane which is

perpendicular to the axis of each guide hole.-The-fibre-protrusion{+p)—orundercut,{—p)ofthe
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HeaJr—the—eelge—ef—the—ﬁbFe—The helght H (posmve is a protru3|on) of the flbres is a planar he|ght
defined as the distance between the fibre end face and the best fit plane. Core dip is of more

relevance to multimode fibres because the large core is softer than the cladding of the fibre and
tends to polish away faster. Core dip is calculated using the paraboloid method described in

Annex E.

Onge f i Hris—erocedure st or a

sinple ferrule multifibre connector by analysing the endface W|th a three- dlmensbnal

intgrferometry type surface analyser Q‘

S

5 | Measurement regions (19

Q
Th¢ following regions shall be defined on the ferrule end face. (bfb
s/

a) | Region of interest (ROI): the ROl is set on the ferrule surface an fined by a rectangylar
region having a long axis (x axis) of length, L, and a short a axis) of height, H. The
region of interest is chosen to cover the mtended contact zor@ the ferrule end face whlen
the ferrules are mated. The region of interest shall be ed on the fibre array. $ee
Figure 1. Refer to Table 1 for measurement areas to be\ d for different connectors.

b) | Extracting region: the extracting region, which mclu@ the fibre end face regions and the
associated adhesive regions, is defined by circle§’having a diameter E, centred on egch
fibre;

c) |Averaging region: the averaging region is s n the fibre surfaces to be used to calculpte
the fibre height, and is defined by a circle ing a diameter F. The averaging region is fhe
same for singlemode (SM) fibres and imode (MM) fibres.

d) | Core dip region: the core dip region '%et on the fibre surfaces to be used to calculate the
fibre core-dip using the paraboloiﬁthod, and is defined by circles having a diameter {'D,
centred on each fibre.

xO
Cofe dip adjustment constant: calculated core dip amplitude following the fit of a paraboljoid
funiction to the fibre endfac@i@adjusted by means of constant R,.
N
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Yy Region of interest ROI

O
O

Extracting region E

Fibre
Averaging region F

Core dip regionCp,

IEC
Figure 1 — Measurementregions on ferrule and fibre
Table 1 — Ferrule mgasurement areas and parameters
Ferrule o . Core dip Core di{
type b ) Region of % top Next % Extracting A::riagr:r_\g fitting region [ adjustment
(vqriant etsig:]lp- interest, ROI pixels pit)((?ls region SMg+ MM (diameter constan
nufnber) (L x H) excluded (diameter E) : CD) R, (see
a used (diameter F) Annex E
rem? mm mm mm
x[104 MT-04 | 27900'x 0,675 3 20 0,140 0,05 0,03 0,03
x[108 MT-08.\2;900 x 0,675 3 20 0,140 0,05 0,03 0,03
x{112 MF=12 | 2,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x[124 MT-24 | 2,900 x 1,160 3 20 0,140 0,05 0,03 0,03
1P027 | MiniMT | 0,900 x 0,675 3 20 0,140 0,05 0,03 0,03

2 The x defines 1 for polyphenylene sulfide (PPS) resin ferrule materials and 2 for thermoset materials; the second
digit represents 2,45 mm x 4,4 mm with 0 and 2,45 mm x 6,4 mm with 1; and the last two digits designates the
number of fibres (see Table 1 of IEC 61755-3-31:2015 and Table 1 of IEC 61755-3-32:2015).

6 Apparatus
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6.1 General

The apparatus shown in Figure 2 consists of a positioning stage, a ferrule holder, an
interferometric video microscope, a Personal Computer based fringe interpretation unit and a
monitor to view the ferrule endface interferogram and display the analysis results.

Personal computer
e based fringe —

interpretation

Interferometric
video microscope

OO

Angle X = XX ° Fibre’1 = XX nm
Angle Y = XX ° Eibre 2 = XX nm

Ferrule under test

— Ferrule holder
Monitor to view_ferrule endface

interferogram and display the analysig
results

—— Positioning stage
IEC

Figure 2 — Measurement setup

6.2 Ferrule holder

ThJa ferrule holder is a suitable device to hold the ferrule in a fixed position, either vertical or
izontal, or in a tilted position in the case of an angled ferrule type. Some method-must shall
be used to*ef—e#enee determlne the aX|s of each gwde hole and the average plane perpendicular

4 A e rgle to the guide hole axes.—This

auide-holes—or-simiar-deviced-to
he gtHae—noies SHAHSH to

#&%Hh&a*&e#eaeh@%hele%ﬁa—measwabm—suﬁaee;an@& This plane shall|be

cornsidered as the reference\plane P for reference to subsequent measurements.

h

< y
ritvpicallv—entail- the—us
H oaHy—eRtah—t

6.3 Positioning stage

The ferrule holder is fixed to the positioning stage, which shall enable the ferrule holder to|be
mojved to the appropriate position. The stage shall have-enreugh sufficient rigidity-se-as to allow
mefsurement/of the ferrule end face parameters within the required—aecuracy uncertainfies
detailed in'6.4.

6.4' Three-dimensional interferometry analyser

The three-dimensional interferometry analyser shall have the ability to measure the fibre heights
on the ferrule end face with an-aceuracy—of uncertainty better than £50 nm and the core dips
with an uncertainty better than £20 nm. The analyser shall consist of an interferometric video
microscope unit, a Personal Computer based fringe interpretation (surface data processing)
unit and a monitor.

The interferometric video microscope unit shall consist of an interference microscope, a phase
shift actuator, an image detector and-a—frame—grabber an image acquisition and processing
setup. The interference microscope equipped with an objective is arranged so as to view the
end face of the ferrule.
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The following parameters of the interference microscope shall be calibrated:

optical magnification of the microscope;
Z travel of the phase shift actuator;

ferrule holder tilt angle in the case of an angled ferrule type.

Th
to

Thy

surface data processing unit shall be able to process the surface height information_80

easure the following parameters:

ferrule surface x-angle S, (refer to Figure B.1 a) for the sign convention);

ferrule surface y-angle Sy (refer to Figure B.1 b) for the sign convention;

fibre array minus coplanarity CF;

fibre plane x-angle G,;

fibre plane y-angle Gy;

fibre tip spherical radii RF (some conditions apply; see Clause”’7, m); refer to Figure C.1

fibre counting convention);

convention);
geometry limit GL;
ferrule surface x-radius Ry;

ferrule surface y-radius Ry;
fibre height H (refer to Figure C.1 for\fibre counting convention);

adjacent fibre height differential H4(refer to Figure C.1 for fibre counting convention);

e monitor shall display the measured and calculated surface profiles along each axis.

7

Procedure

Interferometric PC based fringe
video microscope interpretation
Ferrule under test
/ Angle X = XX degrees Fibre 1 =XXnm
AngleY =XX degrees Fibre 2 = XX nm
. —Ferrule holder

| . . . . . ‘

and display the analysis results
—— Positioning stage [EC 2664/02

as

for

core dip CD (some conditions apply; see Clause 7, |);%efer to Figure C.1 for fibre counfing
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Guide holes

/Y-Iaxg\

Averaging region

RSN << R,

[N i

Framsm -

Iz,

m—— -

=

ROI - region of interest

Extracting region

IEC 266502

eyl To-assess-core-dip-in-MM-fibres—two-averagingregions-are-used—The firstis-the core-fitling

~7
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Dmax. Maximum annular region

Din.  Minimum annular region

Dcore Core fitting region

IEC 61300-3-30:2020 RLV © IEC 2020
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IEC 2666/02
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The f@ ing procedure shall be used for this measurement.

a) . . - kh
respect to the interferometer.

b) Focus the microscope and/or the sample until the fringes are in position to scan the
surface.

~=— ROl
1

c) Map the surface of the ferrule. To
create data set "A", use only the

pixels contained within the ROI. [EC
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i
|
AMVWVVVVWWAVAVVAAANN
Create data set "B" by removing i
the extracting regions around the ' "B" .

d) !
fibres.
i i
e) Create surface "C" by fitting a bi- ' '
parabolic curve to data set "B" | I
(see Annex A for the curve fitting /‘ I "c" ! ,\
|uut;||c). AIEC
N/
f)| Create data set "D" by subtracting ‘
surface "C" from data set "B" /WWV‘ FVWW D" W;:gb
EC
v
g) Create data set "E" by removing I Q'n
the hlgheSt 3 % Of a” pixels in VVVVVVV vvvv:k/v 'vvvvvvvvvvvvvvvvvvvaCv‘ vv:k/vvv VVVVVYV
data set "D". This removes any ] F | H= Q’ } V| [ Lo
small points that are extremely ODQ i
high compared to the others. It is N
assumed these will break off ©
when the connectors contact. <</C)
‘\\
NOTE Points are selected as a percentage of the total area \@l h includes pixels for which heights codld
not be determined. Q
- & |
h) Create data set "F" by identifying . S otvdhe  cmmssrsssssesscsscsmnns ot b
the highest 20 % of all pixels in ﬁ‘ | " | 1 [ |
data set "E". 2 e
"\
NOTE Points are selected as a percentage, of the total area which includes pixels for which heights codld
not be determined. X %)
Q\
)| Create data set "G" by elimingting : :
all pixels from data set "Aexcept AR ARIAAARARANAAARAAARAAAAAS b
for those identified in 8@—5& "F". 1 [ | "G | 1 [
N FC
i)| Fita plane to d@%t "G" and use | |
the plane to(calculate S, and S, R WO ne .
refere see Annex B for end c
face gle sign conventions).
"A@he extracting regions back
& L N ole la Lo . lad LL ola als & L_b bla L P gy
wdadibuialc U1 11UTT IICIyIILD 11 ado UTT UlotaliLT TTuTTTal tU uic pidiic at Uic CUTTTOoPUTTUT Ig
fibre centre locations (see Annex C for fibre counting conventions). Calculate the adjacent
fibre height differential H4 for each fibre. For a given fibre, H4 is the largest height
difference to the two (single row ferrule case) or four (multi row ferrule case) neighbour
fibres.
k) Fit a bi-parabolic curve to data set "G" (see Annex A for the curve fitting routine).

Calculate the ferrule surface Ry and Ry radii values.
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1)

Determine the core dip (for multi-mode and singlemode fibres) CD of each fibre. See
Annex E for a detailed procedure.

If CD of a given fibre is positive and larger than 10 nm, report CD and skip step m) for
that given fibre.

If CD of a given fibre is negative or smaller than 10 nm, do not report CD for that given
fibre and proceed to step m).

m) Determine the radius RF of a given fibre tip. This is accomplished by fitting a sphere to

the surface points of the averaging region of the fibre (see Annex A for the curve fitting
routine). The radius of the fitted sphere is then taken as the fibre tip radius

]

2

S b 2

Determine the minus coplanarity CF. See Annex D for a detailed procedure. Use t@re
plane to calculate Gy and Gy angles using the average of the guide pin bore as@e as

reference (see Annex B for end face angle sign conventions). (-19

If CD is negative or smaller than 10 nm for more than 50 % of the fibres,‘“@termine the
geometry limit GL using the median value of the RF values of the fibre%ﬁbrch exhibited a
negative CD. See Annex F. ’

&7
Details to be specified Q
N

mn

z

-

The following items shall be specified for this measurement:

type of interferometry;
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— nominal angle of tilt, for example Physical contact (PC)/angled PC (APC);
— any deviation from this method;

— measurement uncertainty.
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Annex A
(irformative normative)

Formulae for-caleulating approximating the end face geometry

A.1 Approximation of the ferrule surface

Th«lz ideal ferrule surface being calculated for multifibre connectors is described

Fo

and

prg
the)
suf

A.]

Th
Fo

Th
lea

thel

fible core (apexqoffset).

coeff|C|ents for this formula wh|ch result in the best f|tt|ng ideal-surface are found usin

A ~ l€ast square approximation
| R, are the-radius radii of curvatures for a bi-parabolic surface along the x and y axes
V|des the x-axis surface angle value, while Sy provides the y-axis surface angle value. (

constant that identifies the relative height. By setting‘the squared terms to zero, a pla
face is defined.

P Approximation of the fibre tip radii

b ideal surface being calculated for “each fibre tip is a sphere and is described
mula (A.2):

b coefficients for this formula which result in the best fitting ideal surface are found usin
5t square approximation. RF is the radius of curvature of the fitted sphere. Xy, ¥ and Z,

coordinates of-the’/centre of the fitted sphere, which may not necessarily be centred on

mula (A.1):
Z=—X2/2R y— V(2R )+ S X+ S ¥+ C
7 =—X?I(2Ry)-Y?I(2Ry )~ Sy x X + Sy x¥ +C (A.

X —Xg)? +(Y =Yy ? +(Z—Zo)? = RF? A.

by

by

0 a
pre

the
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Annex B
(normative)

Surface angle sign convention (shown graphically)

Annex B describes surface angle sign convention graphically. Figure B.1 a) shows the x-axis
view, and Figure B.1 b) shows the y-axis view

ROI length
< X-axis »

Epoxy window

White
mark

Positive X |
surface angle Reference, plane

Negative X =
egatvex — A/‘goo

surface angle -

Guide
pin axis
IEC 2667/02

ROI Height
< Y-axis >

White
mark
-«— Epoxy window
Negative ¥ = | Reference plane
surface angle e
Positive ¥ T A/.
surface angle """ 4 90°
Guide
pin axis

IEC 2668/02
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ROl length
X-axis

White
mark

Epoxy window

res, a perp

— Reference plane

Positive x T
surface angle

Guide v

a) X-axis view

ROI height
y-axis

G
‘\((/

White
mark
\Q\\ <— Epoxy window
®
<
Positive y @i
surface angle A\ Reference plane
Negative y T 4/
surface a e\_:,__,/—-""/ 90°
./6 v
C)\\ Guide
. pin axis

IEC

>

b) Y-axis view

lar y axis that passes through the midpoint of the line connecting the guide hole centres,

[E The op@t«erface coordinate system is established with an x axis, which passes through the guide

rthogona@
3

N

is pointing away from the ferrule.

Figure B.1 — Surface angle signh convention

ole
and
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Annex C
(normative)

Fibre counting convention (shown graphically)

Annex C describes fibre counting convention as shown in Figure C.1.

White mark —————9»

Epoxy window

Flat

Angle—pp»

EC 2669402

7
%
Y

Epoxy window
2

IEC

NOTE Fibre counting convention is applicable for all variants: flat or angled.

Figure C.1 — Fibre counting convention
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Annex D
(normative)

Minus coplanarity and fibre plane angle determination

D.1 Overview

D.1.1 General

mal

D.1

Min
of

AnEex D describes three additional parameters to be calculated and reported for measureme|

e in accordance with this document.

Q}/

nts

.2 Minus coplanarity ('19
Q
us coplanarity is the greatest parallel offset between the best fit plane (et lifie in the cgse
bingle row ferrules) of the fibre ends (the average elevation of the avers regions) and a
fibge end below that plane (or line).
QQ
.3 Fibre plane x-axis and y-axis angles ,\(b

D.1

The¢ relative tilt of the best fit plane of D.1.2 relative to the av@ge of the guide pin bore ax

D.1

D.2
Crd

defermined in Clause 7 j). Fit a least squ

cofl

wh
z(X]

Ca

pefpendicular e guide pin bores axes as a reference.

D.Z
Crg

Q
\‘</

P Method for analysis ((
QQ

ate an array of X and Z values where XQ} the fibre location and Z is the fibre hei

A Single row ferrules

lanarity CF as:
ACF— X:)-Z

xO =max(z(X;)-Z;) (O

bre C)\\

)-7,

is the dev@{éh of each fibre tip, i, from the fibre line.

culate the X-st Gy angle of the least squares fit line (the fibre line) using a |

.2 C)Qgti-row ferrules

Q/an array of X, Y and Z values where X and Y are the fibre locations and Z is the fi

Q{@ line z(X) to this data. Calculate the array mipus

ght

)

ine

pre

hei

III. UCLCIIIIIIIUU III Uldubb' I j) I_Il d chbl >qudrcs pldllU \A 1} lU llllb Udld Udlbuldlb‘

array minus coplanarity as:

he

CF =max(z(X;,Y;)-Z;) (D.2)

where

(X,

Y, — Z; is the deviation of each fibre tip, i, from the fibre line.

Calculate the x-axis Gy and y-axis Gy angles of the least squares fit plane (the fibre plane)
using a plane perpendicular to the guide pin bores axes as a reference.
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In a
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Documentation

ddition to the requirements of Clause 8, report:

minus coplanarity;
x-axis angle Gy of the fibre line (or plane if parts have more than one row);

y-axis angle Gy of the fibre plane (if parts have more than one row).

>
(19
Q
6{1,
te)
’(b/
QQ
$e)
N
©
<</C)
;\\
0
Q‘<
%
N
%\@
o
A\
0
&
o
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Annex E
(normative)

Calculation of core dip using the paraboloid method

General

Annex E describes the core dip parameter to be calculated and reported for measurements

ma

e in accordance with this document. Core dip is a measurement of the fibre core elevation

compared to the cladding elevation at its endface.

E.2

Fit|to each fibre endface surface points located inside zone CD a paraboloiddfunction of typ

Method for analysis

1%

Z=AX?+BY?> +CX +DY +E (5.1)

The coefficients for Formula (E.1) which result in the best fitting\ideal surface are found usjing

a lg¢ast square approximation. Figure E.1 shows the fitting manner graphically.

Fo

NOTE See Table 1 for the value of R4.

each fibre, the core dip CD is then:

CD=(4+B)R /2 (4.2)

Elliptic paraboloid fit

Fibre (Z =Ax*+By?>+Cx+ Dy +E)

Paraboloid axis centre

Fibre
surface

A .
N e
-~ ‘

y

A

_ Planefittoferrule ________ |

IEC

Figure E.1 — Paraboloid fit to a fibre endface exhibiting core dip
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Annex F
(normative)

Calculation of GL parameter

F.1 General

Annex F describes the GL parameter to be calculated and reported for measurements made in
accardance with this document. G is used to quantitatively assess the acceptability of an end

facke geometry. A

Q}/

F.2 Method for analysis
Q‘lx
For single-row ferrules, this term is a calculated merit function, which relates%g(ope angle,|S,,

minus coplanarity, CF, and fibre tip radii, RF. There are 30 constants thatgghe the relationship
ampng these parameters. When fully expanded, the function takes the_ faors of Formula (F.1

( X |
_ RF .
(11=40)-e * + 4o (n-no e W 10 ‘SX‘
-1+

’ ‘\
.C 4, Q

@)
+(Ay1—4p)-e RF ho

~

Aoy
(do1—4po)-e RE + 4y

GL{Sx,CF,RF) =

_Aqq
—(Aq1—A )e RF +A0
e

_Baq
Bog By o (Bj1—By0)e RF +qu CF By
Bo1—Boo)-e R +Bog || (By1—Byg)-e RF +RQ\ +(Bi1—Byg)-e RE +Byg |

I A@

e |RF +B1O

N\

_ \
(G -Cp)-e RF +Cy |- C)\ (D1-Dg)-e RF +Dy

@Q (.1)
For incorp %n with end face inspection algorithms, this function can also be expressed v
Un|code

X
Cq [(m pode éytpo -CF Dq.
J e -1 +[ J CF

ith

GL .&CF.RF) =[(((4 01 -4 00) -e”=4 0g/RF)+ 4 00)—((4 11 -4 10) -
eM—A_1q/RF) + A_10)) - eM—((4_g1 — A_q0) - eM(—A4_qq/RF) + A_¢0) - CF) +

(A_11—=4_10) - eM(—A4_1q/RF) + A_10] - (eM—((n_1 —n_0) - eM-n_gq/RF) + n_0Q) -

S x])—1)+[(((B_O1 - B_00) - e"(-B_0g/RF) + B_0)- ((B_11-B_10) -

eM—B_1q/RF) + B_10)) - eM(—((B_g1 — B_q0) - eN-B_qq/RF) + B_¢0) - CF) + (B_11 - B_10) -
eM—B_1q/RF) + B_10] - |S_x| + ((C_1—=C_0) - eM—C_gq/RF) + C_0) - (eM—-((p_1 —p_0) -
eM-p_q/RF)+p 0)- CF)-1)+ ((D_1-D_0) - eM-D_q/RF) + D_0) - CF

The parameter constants are dependent on the number of fibres as summarized in Table F.1 to
Table F.31.

1 GL and coplanarity parameters are not defined for the 1002 ferrule type.
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Table F.1 — Parameter constants for 4-fibre ferrules

A, A, A, B, B, B, c D N p
fo 2,334 1,049 0,000 20,930 0,000 0,402 2,470 12,402 0,000 4,296
f, 0,000 0,000 4,907 84,717 84,717 139,916 0,000 18,072 19,663 27,813
f, 6,676 8,306 0,000 0,393 0,000 12,201 3,575 2,135 0,000 7,108
FabteF2=Parameterconstantsfor-8=fibreferrutes
A, A, A, B, B, B, c D N p
f 3,117 -0,372 0,000 122,558 0,000 -0,439 2,109 15,227 0,000 6,293
f 0,000 0,000 4,779 151,602 151,602 -0,441 0,000 27,043 14,698 15,980
f 5,504 56,276 | 0,000 1,095 0,000 -4,844 10,334 | 2,216 0,000 7,994
Table F.3 — Parameter constants for 12-fibrexferrules
A, A, A, B, B, B, c D N p
f 0,563 -0,313 0,000 120,677 0,000 0,000 3,452 20,367 0,000 4,814
f 0,000 0,000 10,082 148,540 148,540 21481 0,000 36,545 69,299 8,645
f 110,476 | 78,066 | 0,000 3,129 0,000 0,000 11,688 1,800 0,000 5,840

NO

[E Other fibre counts are under development.



https://iecnorm.com/api/?name=456aad4166d9d151203e751f2902306b

- 26 - IEC 61300-3-30:2020 RLV © IEC 2020
Bibliography

IEC 61300 (all parts), Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures

IEC 61755-3-31:2015, Fibre optic interconnecting devices and passive components -

Copnectoropticalinterfaces Part 3.31: Conneclorparameters-ofnon-dispersion-shifted-si le

mofde physically contacting fibres — Angled polyphenylene sulphide rectangular ferrules

IEG 61755-3-32:2015, Fibre optic interconnecting devices and passive compohents —
Cohnector optical interfaces — Part 3-32: Connector parameters of non-dispersionp-shifted single
moye physically contacting fibres — Angled thermoset epoxy rectangular ferrulés



https://iecnorm.com/api/?name=456aad4166d9d151203e751f2902306b

IEC 61300-3-30:2020-12(en-fr)

IEC IEC 61300-3-30

o
®

INTERNATIONAL
STANDARD

ORME $§
INTERNATIONALE &

/

Edition 2.0 2020-12

Q/

>

©
O

\4
Fipbre optic interconnecting devices and pasz‘v@s\components — Basic test and
measurement procedures —

Part 3-30: Examinations and measurem%% — Endface geometry of rectangujar
ferrule QO

\QG

Dispositifs d’interconnexion et ¢ osants passifs fibroniques — Procédures
fondamentales d’essais et de mesures —
Partie 3-30: Examens et mggyres — Géométrie de la face terminale de la ferrule
rectangulaire c\}.

<
>



https://iecnorm.com/api/?name=456aad4166d9d151203e751f2902306b

-2- IEC 61300-3-30:2020 © |IEC 2020

CONTENTS

FOREWORD ..ottt et et e e e ettt e e e e et e et e e e e e e e et e e e e et e e eenns 4
1 1T o 1= S 6
2 NOIMALIVE FEIEIEINCES ..ottt e et et et e et e e ea s 6
3 Terms and definitioNs ... 6
4 General desCriPliON ..o e 6
5 Measurement TegI0NS . A T
I I o o = = (U3 S .8
G.1 GENETAL ..t N ..8
5.2 Ferrule holder ... ... N .8
5.3 Positioning stage ......c.oooviiiiiii e .9
5.4 Three-dimensional interferometry analyser ...........ccooiiiiiiiiiiiic D .9

o o Yoo U1 = P S .9
Details to be SPeCified ......couiiiiiiii e 11
Anpex A (normative) Formulae for approximating the end face geometry .............cc.coeenenni. 12
A1 Approximation of the ferrule surface................. 2 12
A.2 Approximation of the fibre tip radii..........coooo G N 12
Anpex B (normative) Surface angle sign convention (shown graphically) ................c.oooin. 13
Anpex C (normative) Fibre counting convention (shewn graphically)...........c.ccoooiiiiiiinnni. 14
Anpex D (normative) Minus coplanarity and fibrexplane angle determination....................... 15
D .1 L@ AT T P 15
D.1.1 GENETAL .. N s 15
D.1.2 MiInUS Coplanarity......... ol 15
D.1.3 Fibre plane x-axis andW-axis angles ..........ccooiiiiiiiiiiiiii e 15

D.2 Method for analysSis. ..ol 15
D.2.1 SiNGle TOW feITHIES ...t 15
D.2.2 MUIESTOW TEITUIES .o 15

D.3 [ Lo TodUTo'a =Y o) €= 14T o 1S 16
Anpex E (normative)~Calculation of core dip using the paraboloid method........................... 17
F.1 LT 1Y = ) PP 17
.2 MethOd fOr @NalySiS.....c.oiuiii e 17
Anpex F (normative) Calculation of GL parameter ..o 18
.1 LT =Y o= ¥ 18
.2 Method fOr @NalY SIS .....cuiiiiii e 18
BB O G AP Y . e 20
Figure 1 — Measurement regions on ferrule and fibre ... 7
Figure 2 — Measurement SEIUP. ... 8
Figure B.1 — Surface angle sign CoONVENtioN ... ... 13
Figure C.1 — Fibre counting CONVENTION ... ...t 14
Figure E.1 — Paraboloid fit to a fibre endface exhibiting core dip...........coooviiiiiiiii . 17
Table 1 — Ferrule measurement areas and parameters ..o 8

Table F.1 — Parameter constants for 4-fibre ferrules ..o 19


https://iecnorm.com/api/?name=456aad4166d9d151203e751f2902306b

IEC 61300-3-30:2020 © IEC 2020 -3 -

Table F.2 — Parameter constants for 8-fibre ferrules

Table F.3 — Parameter constants for 12-fibre ferrules ...



https://iecnorm.com/api/?name=456aad4166d9d151203e751f2902306b

1)

2)

3)

4)

5)

6)
7)

8)

9)

int

Int?national Standard IEC 61300-3-30 has been prepared by subcommittee 86B: Fibre o

-4 - IEC 61300-3-30:2020 © |IEC 2020

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 3-307 Examinations and measurements —
Endface geometry of rectangular ferrule

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC isopromote internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as\"I[EC Publication(s)"). T|
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
Mmay participate in this preparatory work. International, governmental and non-governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement between the two organization

The formal decisions or agreements of IEC on technical matters express;, as nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts dre made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEGNational Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible initheir national and regional publications. Any divergence betw
bny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestatioh”of conformity. Independent certification bodies provide confor
hssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
services carried out by independent.cértification bodies.

All users should ensure that they have the latest edition of this publication.

members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of'the publication, use of, or reliance upon, this IEC Publication or any other IEC Publicat

ndispensable far the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pa
rights. IE€ shall not be held responsible for identifying any or all such patent rights.

réonnecting devices and passive components, of IEC technical committee 86: Fibre opti

ing
nal
and
rts,
heir
ith
Eing
for
S.

nal
all

nal
IEC
any

ons
een
ter.

ity
any

No liability shall attach to IEC er its directors, employees, servants or agents including individual experts fand

b or
and
ons.

Attention is drawn"to~the Normative references cited in this publication. Use of the referenced publications is

ent

ptic
CS.

This second edition cancels and replaces the first edition published in 2003. This edition

co

nstitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

ed
a)
b)
c)
d)
e)

ition:

measurement of the individual fibre tip radii;

introduction of the geometry limit (GL) metric;

introduction of the minus coplanarity metric;

new method for measuring the core dips;

all measurement regions are now identical for MM and SM fibres;
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f) the ferrule surface angle sign convention has been changed.

The text of this International Standard is based on the following documents:

FDIS Report on voting
86B/4357/FDIS 86B/4378/RVD

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

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

A list of all parts in the IEC 61300 series, published under the general title. (Fibre optic
intg¢rconnecting devices and passive components — Basic test and measurement procedures,
can be found on the IEC website.

Theé committee has decided that the contents of this document will remainyunchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.¢h! in the data relateq to
the| specific document. At this date, the document will be
e |reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |[amended.



https://iecnorm.com/api/?name=456aad4166d9d151203e751f2902306b

-6 - IEC 61300-3-30:2020 © |IEC 2020

FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 3-30: Examinations and measurements —
Endface geometry of rectangular ferrule

1 | Scope

Thils part of IEC 61300 describes a method of measuring the end face geometry ofjrectangylar
multifibre ferrules having an IEC defined optical interface. The primary attributes are fipre
position relative to the end face, either withdrawal or protrusion, end face angle’relative to the
guide pin bores, fibre tip radii and core dip for multimode fibres.

2 | Normative references

Theére are no normative references in this document.

3 | Terms and definitions
No|terms and definitions are listed in this document.

ISQ and IEC maintain terminological databases for use in standardization at the followjing
addresses:

o |IEC Electropedia: available at httpg//www.electropedia.org/

e |[ISO Online browsing platform:available at http://www.iso.org/obp
4 | General description

Gujde pin based multifibre connector plugs typically have a rectangular end face with a I¢ng
axip and a short axis:\ldeally, a flat polish is desired on the end face with the fibres protruding
slightly and all in_the same plane to assure physical contact of the fibre cores when {wo
connectors are.intermated. In practice, the end face typically has two different curvatures acrpss
the| surface along the long and short axis. Since mated ferrules are aligned by pins in the gujide
holes, the end face of the ferrule shall be properly oriented (S, and Sy angles) with respecf to

thel guiderholes to achieve positive contact. The end face angle S, in the x axis and the ¢nd
face.angle Sy in the y axis are measured by finding the best fit plane based on a percentagg of

the highest poinisin a specified region of inferest. The highest poinis typically show the grealest
modulation from an interferometric standpoint. This allows for more robust measurements and
greater repeatability between different interferometers.

The angle of the best fit plane is calculated by comparing it to the reference plane which is
perpendicular to the axis of each guide hole. The height H (positive is a protrusion) of the fibres
is a planar height defined as the distance between the fibre end face and the best fit plane.
Core dip is of more relevance to multimode fibres because the large core is softer than the
cladding of the fibre and tends to polish away faster. Core dip is calculated using the paraboloid
method described in Annex E.

One method is described for measuring polish angle and fibre position for a single ferrule
multifibre connector by analysing the endface with a three-dimensional interferometry type
surface analyser.
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5

Measurement regions

The following regions shall be defined on the ferrule end face.

a) Region of interest (ROI): the ROl is set on the ferrule surface and defined by a rectangular
region having a long axis (x axis) of length, L, and a short axis (y axis) of height, H. The
region of interest is chosen to cover the intended contact zone of the ferrule end face when
the ferrules are mated. The region of interest shall be centred on the fibre array. See

b)

Figure 1. Refer to Table 1 for measurement areas to be used for different connectors.

Extracting region: the extracting region, which includes the fibre end face regions and the

d)

Co
fun

fibre;

same for singlemode (SM) fibres and multimode (MM) fibres.

associated adhesive regions, is defined by circles having a diameter E, centred on e#ach

Averaging region: the averaging region is set on the fibre surfaces to be used tq calculpte
the fibre height, and is defined by a circle having a diameter F. The averaging(tegion is the

Core dip region: the core dip region is set on the fibre surfaces to be used to calculate the

centred on each fibre.

e dip adjustment constant: the calculated core dip amplitude following the fit of a parabol
ction to the fibre endface is adjusted by means of constant R

Yy Region of interest ROI

Extracting region E

Fibre

Averaging region F

fibre core-dip using the paraboloid method, and is defined by circles having a diameter ¢D,

oid

CoredipTegion €D

Figure 1 — Measurement regions on ferrule and fibre

IEC
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Table 1 — Ferrule measurement areas and parameters

Ferrule 0 A . Core dip Core dip
type | poceri Region of %top | NSXt% | Extracting yoraging | fitting region | adjustment
(variant etsi;':p' interest, ROI pixels pi)(()gls region SMg+ MM (diameter constant
number) (L x H) excluded d (diameter E) - CD) R, (see
a use (diameter F) Annex E)
mm? mm mm mm
x104 MT-04 | 2,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x108 MT-08 | 2,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x{112 MT-12 | 2,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x[124 MT-24 | 2,900 x 1,160 3 20 0,140 0,05 0,03 0,03
1002 MiniMT | 0,900 x 0,675 3 20 0,140 0,05 0,03 0,03

2 [The x defines 1 for polyphenylene sulfide (PPS) resin ferrule materials and 2 for thermoset materials; the secqnd
didit represents 2,45 mm x 4,4 mm with 0 and 2,45 mm x 6,4 mm with 1; and the last two digits’ designates the
nufber of fibres (see Table 1 of IEC 61755-3-31:2015 and Table 1 of IEC 61755-3-32:2015).

6 | Apparatus

6.1
The

General

apparatus shown in Figure 2 consists of a positioning stage, a ferrule holder, |an

interferometric video microscope, a Personal Compuier based fringe interpretation unit and a

mohitor to view the ferrule endface interferogram and/display the analysis results.

Interferometric
video microscope

Ferrule undef test

Personal computer
based\fringe
interpretation

== Ferrule holder

—— Positioning stage

OREN®

Angle X = XX °
Angle Y = XX °

Fibre 1 = XX nm
Fibre 2 = XX nm

Monitor to view ferrule endface
interferogram and display the analysig

results

6.2

Ferrule holder

Figure 2 — Measurement setup

IEC

The ferrule holder is a suitable device to hold the ferrule in a fixed position, either vertical or
horizontal, or in a tilted position in the case of an angled ferrule type. Some method shall be
used to determine the axis of each guide hole and the average plane perpendicular to the guide
hole axes. This plane shall be considered as the reference plane P for reference to subsequent
measurements.
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6.3

Positioning stage

The ferrule holder is fixed to the positioning stage, which shall enable the ferrule holder to be
moved to the appropriate position. The stage shall have sufficient rigidity to allow measurement
of the ferrule end face parameters within the required uncertainties detailed in 6.4.

6.4

Three-dimensional interferometry analyser

The three-dimensional interferometry analyser shall have the ability to measure the fibre heights
on the ferrule end face with an uncertainty better than +50 nm and the core dips with an

un
mi
uni

roscope unit, a Personal Computer based fringe interpretation (surface data processi
and a monitor.

The interferometric video microscope unit shall consist of an interference microscope, a phase

shi

ft actuator, an image detector and an image acquisition and processing’ setup. 1

intgrference microscope equipped with an objective is arranged so as to viéw, the end facs

the)

Thy

to

ferrule.

e following parameters of the interference microscope shall be calibrated:

optical magnification of the microscope;
Z travel of the phase shift actuator;
ferrule holder tilt angle in the case of an angled ferrulgitype.

ThI]surface data processing unit shall be able to process the surface height information so

easure the following parameters:

ferrule surface x-angle S, (refer to Figure B:4"a) for the sign convention),
ferrule surface y-angle Sy (refer to Figufe B.1 b) for the sign convention;
fibre array minus coplanarity CF;

fibre plane x-angle G,;

fibre plane y-angle Gy;

fibre tip spherical radii(RF*(some conditions apply; see Clause 7, m); refer to Figure C.1
fibre counting convention);

'he
of

as

for

core dip CD (some conditions apply; see Clause 7, |); refer to Figure C.1 for fibre counting

convention);
geometry limit GL;

ferrule surface x-radius R,;

ferrule*surface y-radius Ry;

fibre height H (refer to Figure C.1 for fibre counting convention):

adjacent fibre height differential H4 (refer to Figure C.1 for fibre counting convention);

The monitor shall display the measured and calculated surface profiles along each axis.

7

Procedure

The following procedure shall be used for this measurement.

a) Affix the ferrule in the ferrule holder so that the end face is held sufficiently steady with

respect to the interferometer.
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b) Focus the microscope and/or the sample until the fringes are in position to scan the

surface.
i ~=— ROI
I
o A‘,,‘,.“L-.‘I _,-.,‘.,I'u\"-.-'\"'q"h*-“-‘-’ i*:"-"f'v'v'v'v'v\“-\*.-‘\.fI,&,J‘ ,lv‘, AR s
p i I 22550
c) Map the surface of the ferrule. To " : " i
create data set "A", use only the :

pixels contained within the ROI. e

: i

AWV
d) Create data set "B" by removing i i
the extracting regions around the ' "B" '

fibres.

<

i
e) Create surface "C" by fitting a bi- L N
parabolic curve to data set "B" /‘ ﬁ ~

|
|
(see Annex A for the curve fitting "c" 5 ,\_
routine). IEc
f)| Create data set "D" by subtracting MV VVWWWWAWE WWWY '
surface "C" from data set "B" ‘D"
EC

g) Create data set "E" by removing i |
the hlgheSt 3 % Of a” plxels In VVVVVVYV vvvv:k/v 'VVVVVVVVVVVVVVVVVVVVVVVVE vv:k/vvv VVVVVYV
data set "D". This removes any 1 r | ngn : v! [
small points that are extremely

high compared to the others. It is

assumed these will break off

when the connectors contact.

NOTE Points are selected as a percentage of the total area which includes pixels for which heights codld
not be determined.

AVAVAVAVIVIVAVAY [/w\/\/\m/\/ ININININININININININININININININININININININININ TS \/\/h/\/\/\/\} [\/\/w\/\/\ \/

| npn i

h) Create data set "F" by identifying
the highest 20 % .of .all pixels in
data set "E".

IEC

NOTE Points are’selected as a percentage of the total area which includes pixels for which heights cold
not be determined.

i
|

|
LALIVVIVN

Ay,
nGu | ko,
|

|

i)| Create-data set "G" by eliminating
allipixels from data set "A" except
for,those identified in data set "F". 1 [

INANANANANANNNANANANANAA AN

'
|
|
|
Y
|
|
|

j) Fitaplane to data set "G" and use
the plane to calculate S, and S, [ T .

angles wusing plane P as a l [ "G + Plane” ‘ r
reference (see Annex B for end EC
face angle sign conventions).

"Add" the extracting regions back

in.

Calculate the fibre heights H as the distance normal to the plane at the corresponding
fibre centre locations (see Annex C for fibre counting conventions). Calculate the adjacent
fibre height differential H4 for each fibre. For a given fibre, H4 is the largest height
difference to the two (single row ferrule case) or four (multi row ferrule case) neighbour
fibres.
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k)

8

The following items shall be specified for this measurement:

Fit a bi-parabolic curve to data set "G" (see Annex A for the curve fitting routine).
Calculate the ferrule surface Ry and Ry radii values.

Determine the core dip (for multi-mode and singlemode fibres) CD of each fibre. See
Annex E for a detailed procedure.

If CD of a given fibre is positive and larger than 10 nm, report CD and skip step m) for
that given fibre.

If CD of a given fibre is negative or smaller than 10 nm, do not report CD for that given
fibre and proceed to step m).

Determine the radius RF of a given fibre tip. This is accomplished by fitting a sphere’|:0
the surface points of the averaging region of the fibre (see Annex A for the curvefitting
routine). The radius of the fitted sphere is then taken as the fibre tip radius.

Determine the minus coplanarity CF. See Annex D for a detailed procedure.Jse the fibfe
plane to calculate Gy and Gy angles using the average of the guide pin bore axes as|a

reference (see Annex B for end face angle sign conventions).

If CD is negative or smaller than 10 nm for more than 50 % of the fibres, determine the
geometry limit GL using the median value of the RF values of thefibres which exhibited a
negative CD. See Annex F.

Details to be specified

type of interferometry;
nominal angle of tilt, for example Physical,contact (PC)/angled PC (APC);
any deviation from this method;

measurement uncertainty.
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Th

Fo

The coefficients for this formula which result in the best fitting ideal surface are found usin
least square approximation. R, and Ry are the radii of curvature for a bi-parabalic surface alq

thel x and y axes: S, provides the x-axis surface angle value, while Sy provides the y-g

sunface angle value. C is the constant that identifies the relative height.'By setting the squa
ter

A.2 Approximation of the fibre tip radii

The ideal surface being calculated for each fibre tip)is a sphere and is described

Fo

Th

lea

the| coordinates of the centre of the fitted sphere, which may not necessarily be centred on
fibrle core (apex offset).

-12 - IEC 61300-3-30:2020 © |IEC 2020

Annex A
(normative)

Formulae for approximating the end face geometry

1 Approximation of the ferrule surface

e ideal ferrule surface being calculated for multifibre connectors is described
mula (A.1):

by

ms to zero, a planar surface is defined.

mula (A.2):

p coefficients for this formula which result in the best fitting ideal surface are found usin
st square approximation. RF is the tadius of curvature of the fitted sphere. X, Yy and Z;

Z =—X2/(2Ry)~Y?/(2Ry )~ Sx x X + Sy xY +C (A.

(X = X )? +(Y —Y§)%+(Z - Zy ? = RF? (A.

J a
ng
Xis
red

by

0 a
are

the
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Annex B
(normative)

Surface angle sign convention (shown graphically)

Annex B describes surface angle sign convention graphically. Figure B.1 a) shows the x-axis
view, and Figure B.1 b) shows the y-axis view.

ROl length
X-axis

Epoxy window

Negative x | res |
surface angle eference plane

Positive x e !
surface angle ;

Guide
pin axis

IEC

a) X-axis view

ROI height
y-axis

White
mark
<— Epoxy window
Positive y ;*‘~; Reference plane
surface angle T
Negative y P 4/
surface angle " 90°
Guide
pin axis

IEC

b) Y-axis view
NOTE The optical interface coordinate system is established with an x axis, which passes through the guide hole

centres, a perpendicular y axis that passes through the midpoint of the line connecting the guide hole centres, and
an orthogonal z axis pointing away from the ferrule.

Figure B.1 — Surface angle signh convention
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Annex C
(normative)

Fibre counting convention (shown graphically)

Annex C describes fibre counting convention as shown in Figure C.1.

Epoxy window

IEC

NOTE Fibre counting convention is applicable for all variants: flat or angled.

Figure C.1 —Fibre counting convention
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Annex D
(normative)

Minus coplanarity and fibre plane angle determination

D.1 Overview

D.1.1 General

D.1

Min
of

AnEex D describes three additional parameters to be calculated and reported for measuremets
mayde in accordance with this document.

.2 Minus coplanarity

5ingle row ferrules) of the fibre ends (the average elevation of the averaging regions) an

fibne end below that plane (or line).

D.1

.3 Fibre plane x-axis and y-axis angles

The relative tilt of the best fit plane of D.1.2 relative to the average of the guide pin bore ax

D.1

D.2
Crd

. Method for analysis

A Single row ferrules

ate an array of X and Z values where X<is the fibre location and Z is the fibre hei

us coplanarity is the greatest parallel offset between the best fit plane (ot line in the case

d a

ght

defermined in Clause 7 j). Fit a least squarés line z(X) to this data. Calculate the array minus

cofl

wh
z(X]

Ca

lanarity CF as:

)—Z; s the deviation of each fibre tip, i, from the fibre line.

culate the x-axis™ Gy angle of the least squares fit line (the fibre line) using a |

pefpendicular teithe guide pin bores axes as a reference.

D.Z
Crg

.2 Muiti-row ferrules

ate an array of X, Y and Z values where X and Y are the fibre locations and Z is the fi

CF =max(z(X;)-Z;) (0.

ine

bre

hei

| P | A VAN §

4 H P ol Z) it | 4 1 LY o alat Fa | Lot
MU UCTLICTITTIITTTICu 11T UIdUotT T J}. it a ICdol oyudliTo pialic \A,l} U o Uditd. udaivuiralc

array minus coplanarity as:

he

CF =max(z(X;,Y;)-Z;) (D.2)

where

z(X;,Y;) — Z; is the deviation of each fibre tip, i, from the fibre line.

Calculate the x-axis Gy and y-axis Gy angles of the least squares fit plane (the fibre plane)
using a plane perpendicular to the guide pin bores axes as a reference.
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D.3 Documentation

In addition to the requirements of Clause 8, report:

— minus coplanarity;
— Xx-axis angle Gy of the fibre line (or plane if parts have more than one row);

— y-axis angle Gy of the fibre plane (if parts have more than one row).
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Annex E
(normative)

Calculation of core dip using the paraboloid method

General

Annex E describes the core dip parameter to be calculated and reported for measurements

ma

e in accordance with this document. Core dip is a measurement of the fibre core eleva

ion

colj

E.Z

Fi

—

Thy

Fo

NO

hpared to the cladding elevation at i

) Method for analysis

each fibre, the core dip CD is then:

[E See Table 1 for the value ofR1.

Paraboloid axis

Fibre
surface

ts endface.

to each fibre endface surface points located inside zone CD a paraboloiddfunction of typ

7 =AX% 1 BY2 +CX+DY+E

CD=(A+B)R{ /2

Fibre

centre

(Z =Ax*+By?>+Cx+ Dy +E)

(B

Elliptic paraboloid fit

Y .
\ | Core dip
y

(H.

1’4

)

e coefficients for Formula (E.1) which result in the best fitting‘ideal surface are found usfing
a least square approximation. Figure E.1 shows the fitting manner graphically.

Plane fit to ferrule

A

IEC

Figure E.1 — Paraboloid fit to a fibre endface exhibiting core dip
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Annex F
(normative)

Calculation of GL parameter

F.A1 General

Annex F describes the GL parameter to be calculated and reported for measurements made in

ac

fac

F.2
Fo

min
am

GL

Fo

e geometry.

Method for analysis

single-row ferrules, this term is a calculated merit function, which relates-x-slope angle,|S

ong these parameters. When fully expanded, the function takes the form of Formula (F.1)):

_Aog. i

(do1—Ago)-e RF +Agg || (441—410)-e RE +adtip 7| _{(,,1_,10) o ].SX
e

~e_ﬁ+no
Sy,CF,RF) =

_“aq.
- (Aq1—Aq0)-e RF +Aq0 -CF A1q
e +( A —Aode RE + 449

_Byq
BOq B1q | (Bq'I*BqO )e RE +BqO -CF A
e

(Bo1—Bpp)-e RE +Byg || (B11—Byp)-e\FF + By

19

_Fa
Cq [(171170)-6 RE +po}CF Dy
e =1+ (

Dy-Dy)-e RF +Dy |-CF

(.1

it

Un

incorporation with end face inspection algorithms, this function can also be expressed W
caode text:

GL(

S_x,CF,RF) = [(((4_01— 4_00) - e’(=4_0g/RF) + A_00) — ((4_11 — 4_10) -

eM—A_1q/RF) + A_10)) - eM(—((4_g1 — A_g0) - eM—A_qq/RF) + A_¢0) - CF) +

(4_

11 —4_10) - eM(—A4_1q/RF) + 4_10] - (eM(—((n_1 = n_0) - eM-n_q/RF) + n_0) -

S x])—1)+[(((B_01 - B_00) - e’(—B_0g/RF) + B _0)- ((B_11-B_10) -

eM—B_1q/RF) + B_10)) - eM(—((B_g1 — B_q0) - eN—-B_qq/RF) + B_¢0) - CF) + (B_11 - B_10) -
eM—B_1q/RF) + B_10] - |S_x| + ((C_1—=C_0) - eM—C_gq/RF) + C_0) - (eM—-((p_1 —-p_0) -
eM-p_q/RF)+p 0)- CF)-1)+ ((D_1-D_0) - eM-D_qg/RF) + D_0) - CF

ordance with this document. GL is used to quantitatively assess the acceptability of an end

X

us coplanarity, CF, and fibre tip radii, RF. There are 30 constants that define the relationship

+(By1—Byg)-e I +Byg

h

S|+
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The parameter constants are dependent on the number of fibres as summarized in Table F.1 to

Table F.31.
Table F.1 — Parameter constants for 4-fibre ferrules
A, A, A, B, B, B, c D N P
f, 2,334 1,049 0,000 20,930 0,000 0,402 2,470 12,402 0,000 4,296
f, 0,000 0,000 4,907 84,717 84,717 | 139,916 | 0,000 18,072 | 19,663 | 27,813
£ 6676 8206 5-600 5393 5600 12204 3575 2435 5000 7408
Table F.2 — Parameter constants for 8-fibre ferrules
A0 A1 Aq Bo B1 Bq Cc D N p
f 3,117 -0,372 0,000 122,558 0,000 -0,439 2,109 15,227.)| 0,000 6,243
f 0,000 0,000 4,779 151,602 | 151,602 -0,441 0,000 | (27,043 | 14,698 | 15,980
f 5,504 56,276 0,000 1,095 0,000 4,844 10,334 ) 2,216 0,000 7,994
Table F.3 — Parameter constants for¢12-fibre ferrules
A, A, A, B, B, B, c D N P
f 0,563 -0,313 | 0,000 | 120,677 0,000 0,000 3,452 20,367 0,000 4,814
f 0,000 0,000 | 10,082 | 148,540 | 148,540 2,481 0,000 36,545 | 69,299 | 8,645
f 110,476 | 78,066 | 0,000 3,129 05000 0,000 11,688 1,800 0,000 5,840

NOTE Other fibre counts are under devetopment.

1

GL and coplanarity parameters are not defined for the 1002 ferrule type.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS D’INTERCONNEXION
~ ET COMPOSANTS PASSIFS FIBRONIQUES -
PROCEDURES FONDAMENTALES D’ESSAIS ET DE MESURES -

Partie 3-307 Examens et mesures —
Géométrie de la face terminale de la ferrule rectangulaire

AVANT-PROPOS

He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC))LUEC a pour obje
avoriser la coopération internationale pour toutes les questions de normalisation .dans les domaines
‘électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie_des’Normes internationd
Hes Spécifications techniques, des Rapports techniques, des Spécifications accgssibles au public (PAS) et
(Suides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut- participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationdle,de Normalisation (ISO), selon

Conditions fixées par accord entre les deux organisations.

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comp1

| es décisions ou accords officiels de 'lEC concernant les questionsitechniques représentent, dans la mesurg
bossible, un accord international sur les sujets étudiés, étant donné.que les Comités nationaux de I'lEC intéred
sont représentés dans chaque comité d’études.
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La Norme internationale IEC 61300-3-30 a été établie par le sous-comité 86B: Dispositifs
d'interconnexion et composants passifs a fibres optiques, du comité d'études 86 de I'lEC: Fibres
optiques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2003. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)
b)
c)
d)
e)
f)

mesurage des rayons des pointes individuelles des fibres;
introduction de la métrique de limite de géométrie (GL);
introduction de la métrique de coplanarité négative;
nouvelle méthode de mesure de l'inclinaison du coceur;

toutes les régions de mesurage sont désormais identiques pour les fibres MM et SM;

laconvention du siane de 'anale de surface de la ferrule g été maodifide
~J ~J

Le

Le

texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
86B/4357/FDIS 86B/4378/RVD

abouti a I'approbation de cette Norme internationale.

Ce

Un
d’in
me

Le

document a été rédigé selon les Directives ISO/IEC, Partie 2(

e liste de toutes les parties de la série IEC 61300, publiées sous le titre général Dispos

sures, peut étre consultée sur le site Internet de I'lEC.

reconduit,
supprime,
remplacé par une édition révisée, ou

amendé.

rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote aypnt

tifs

terconnexion et composants passifs fibroniques — Pracédures fondamentales d’essais efl de

comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabiflité
indllquée sur le site web de I'lEC sous "http://webstore.iec.ch"” dans les données relatives 3 la
publication recherchée. A cette date, le document sera
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DISPOSITIFS D’INTERCONNEXION
~ ET COMPOSANTS PASSIFS FIBRONIQUES -
PROCEDURES FONDAMENTALES D’ESSAIS ET DE MESURES -

Partie 3-30: Examens et mesures —
Géométrie de la face terminale de la ferrule rectangulaire

Ce
deq

Domaine d’application

ferrules rectangulaires multifibres ayant une interface optique définie par I'lEC.Les attri

primaires sont la position relative de la fibre par rapport a la face terminale, sqit.en enfoncem

SOi
de

en excroissance, et I'angle relatif de la face terminale par rapport aux forages de la bro
guidage, les rayons des pointes des fibres et l'inclinaison du cosur pour des fib

multimodales.

Le
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Leg

$0O et 'lEC tiennent a jour des bases . de"données terminologiques destinées a étre utilis¢es

Références normatives

présent document ne contient aucune référence normative.

Termes et définitions

cun terme n’est défini dans le présent document.

normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible:dlladresse http://www.electropedia.org/;
ISO Online browsing platform: disponible a 'adresse http://www.iso.org/obp.

Description générale

te partie de I'lEC 61300 décrit une méthode de mesure de la géométrie de la face termir;EIe

fiches de confiecteurs multifibres basés sur la broche de guidage possedent généralemrnt
¢ face termmale rectangulalre avec un axe Iong et un axe court. Idealement un poliss

uts
nt,
he
res

orientée de fagon appropriée (angles S ets )par rapport aux trous de gurdage pour atteindre
un contact positif. L’angle S, de la face termlnale dans I'axe X et 'angle Sy de la face terminale

dans I'axe Y sont mesurés en trouvant le plan du meilleur ajustement fondé sur un pourcentage
des points les plus élevés dans une région spécifiée considérée. Les points les plus élevés
présentent généralement la modulation la plus grande d’un point vue interférométrique. Cela
permet des mesurages plus solides et une répétabilité plus importante entre les différents
interférometres.
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L’angle du plan du meilleur ajustement est calculé en le comparant au plan de référence qui
est perpendiculaire a I'axe de chaque trou de guidage. La hauteur H (si positive, elle désigne
une excroissance) de la fibre est une hauteur plane définie comme la distance entre la face
terminale de la fibre et le plan du meilleur ajustement. L’inclinaison du coeur est plus importante
pour les fibres multimodales parce que le cceur large est plus tendre que la gaine de la fibre et
tend a s’user plus vite. L’inclinaison du cceur est calculée a I'aide de la méthode paraboloide
décrite a 'Annexe E.

Une méthode est décrite pour mesurer I’angle de la face polie et la position de la fibre sur la
ferrule unique des connecteurs multifibres. Elle consiste en I'analyse de la face terminale avec

un

Le

Pry

a)

b)

Co
sui
I'ai
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Régions de mesurage

régions suivantes doivent étre définies sur la face terminale de la ferrule.

Région considérée (ROI): la région considérée est réglée sur la surface de la ferrule et

court (axe Y) de hauteur H. La région considérée est choisie de fagon a couvrir la zone
contact prévue de la face terminale de la ferrule lorsque les ferrules sont accouplées.
région considérée doit étre centrée sur le groupe de fibres(~Voir Figure 1. Se référer
Tableau 1 pour les zones de mesurage a utiliser pour les différents connecteurs.

fibres et les régions adhésives associées, est définie par des cercles possédant
diamétre E, centrés sur chaque fibre.

Région moyenne: la région moyenne est définie sur les surfaces des fibres a utiliser p
le calcul de la hauteur de la fibre et est définie par un cercle de diamétre F. La rég
moyenne est la méme pour les fibres unimadales (SM) et les fibres multimodales (MM).

Région d’inclinaison du cceur: la région~d’inclinaison du cceur est définie sur les surfa
de fibre a utiliser pour le calcul de liinclinaison du cceur de la fibre a 'aide d’une méthd
paraboloide, et est définie par desicercles ayant un diametre CD, centrés sur chaque fil

nstante d’ajustement de I'inclin@ison du cceur: I'amplitude calculée de I'inclinaison du cg
vant I'ajustement d’une fongtion paraboloide a la face terminale de la fibre est ajusté
He de la constante R,.

est

définie par une région rectangulaire possédant un axe long (axe X).de-Jongueur L et un axe

de
La
au

Région d’extraction: la région d’extraction, qui inclut les régions des faces terminales des

un

bur
ion

ces
de

Q-
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Figure 1 — Régions de mesurage sur la ferrule et la fibre
Tableau 1 — Zones et paramétres de mesurage des ferrules
. Région Constante
Type de % (de P"(?Cha'" . d’ajustement | d’ajustem¢nt
feqrule . Région pixels % de Région Région de de
(numéro Dets_crlp- considérée, Supé- pixels | g.extraction n;ﬁinﬂfvf Pinclinaison | Iinclinaispn
e on i supe- iame du coeur du cceu
varfante) ROI(L x H) ;;(ect:lr‘ss rieurs (diamétre ) (diamétre F) (diamétre R, (voi
a utilisés 1
CD) Annexe H)
mm? mm mm mm
x[104 MT-04 | 2,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x[108 MT-08\]42,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x[112 MT-12 | 2,900 x 0,675 3 20 0,140 0,05 0,03 0,03
x[124 MT-24 | 2,900 x 1,160 3 20 0,140 0,05 0,03 0,03
1p02 MiniMT | 0,900 x 0,675 3 20 0,140 0,05 0,03 0,03
2 Sile x est égal a 1, il définit les matériaux de ferrule a base de résine de poly(sulfure de phénylene) (PPS). S’il
est égal a 2, il indique les matériaux thermodurcissables; le deuxiéme chiffre représente 2,45 mm x 4,4 mm avec
0 et 2,45 mm x 6,4 mm avec 1; les deux derniers chiffres désignent le nombre de fibres (voir le Tableau 1 de

I'EC 61755-3-31:2015 et le Tableau 1 de I'lEC 61755-3-32:2015).

6 Appareillage

6.1 Généralités

L’appareillage représenté a la Figure 2 se compose d’un étage de positionnement, d’'un support
de ferrule, d’'un microscope vidéo interférométrique, d’'une unité d’interprétation des franges
basée sur un ordinateur personnel et d’'un moniteur permettant de visualiser I'interférogramme

de la face terminale de la ferrule et d’afficher les résultats de I'analyse.
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Interprétation de
Microscope vidéo frange basée |
. . Ly | . |
interférométrique sur un ordinateur
personnel
Q o o ()
Ferrule en essai
Angle X = XX ° Fibre 1 = XX nm
Angle ¥ = XX ° Fibre 2 = XX nm

= SUpport de ferrute

terminale de la ferrule et pour afficher
les résultats d’analyse

—— Etage de positionnement

Figure 2 — Configuration de mesurage

6.2l Support de ferrule

Le

support de ferrule est un dispositif adapté au maintien de la ferrule en position fixe, §

verticale, soit horizontale, ou en position inclinée dans,le"cas d’un type de ferrule avec ang

Ce

rtaines méthodes doivent étre utilisées pour déterminer I'axe de chaque trou de guidagg

le plan moyen perpendiculaire aux axes des trous ‘de guidage. Ce plan doit étre pris en com
corhme étant le plan de référence P pour référence aux mesurages suivants.

6.3l Etage de positionnement

Le
fer

support de ferrule est fixé a I'étage "de positionnement, qui doit permettre au support

suffisante de fagon a permettre le.mesurage des paramétres de la face terminale de la fern

en

respectant les incertitudes exigées décrites en 6.4.

6.4 Analyseur d’interférométrie tridimensionnelle

L’a
de
I'in

halyseur d’interférométrie tridimensionnelle doit posséder I'aptitude de mesurer les haute
fibre sur la face terminale de la ferrule avec une incertitude supérieure a +50 nm
Clinaison deshcceurs avec une incertitude supérieure a +20 nm. L’analyseur doit §

composé d’ufifmicroscope vidéo interférométrique, d’'une unité d’interprétation de frange bag
surfun ordinateur personnel (traitement de données de surface) et d’'un moniteur.

Le

mictoscope vidéo interférométrique doit étre constitué d’'un microscope a interférences, d

A Al Al + P~ LRI

Moniteur pour voir l'interférogramme de la falce

IEC

oit
le.
et
pte

de

ule d’étre déplacé pour atteindrella position appropriée. L’étage doit posséder une rigigité

ule

Lirs

tre
ée

‘un

or
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itif

d’enregistrement et de traitement d’images. Le microscope a interférences équipé d’'un objectif
est disposé de maniére a visualiser la face terminale de la ferrule.

Les paramétres suivants du microscope d’interférence doivent étre étalonnés:

grossissement optique du microscope;
course Z de 'organe de commande de déphasage;

angle d’inclinaison du support de ferrule dans le cas d’'une ferrule avec angle.

L’unité de traitement des données de surface doit pouvoir traiter les informations de hauteur de
surface de maniere a mesurer les parameétres suivants:

angle x S, de la surface de la ferrule (voir Figure B.1 a) pour la convention du signe);
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