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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-40: Measurement methods-and test procedures—

Attenuation measurement methods

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
pIl national electrotechnical committees (IEC National Committees). The object of IEC "is “to pron
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as '
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory work. International, *governmental and
povernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance| with conditions determined
pgreement between the two organizations.

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 fronj
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 are miade 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
misinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in ‘their national and regional publications. Any diverg¢g
between any IEC Publication and the correspondingjnational or regional publication shall be clearly indicate
he latter.

EC itself does not provide any attestation.@f* conformity. Independent certification bodies provide confor
pssessment services and, in some areas,@ccess to IEC marks of conformity. IEC is not responsible for
services 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-of its directors, employees, servants or agents including individual experts
members of its technical commiftees 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)
Expenses arising out of, the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

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 subjeq
patent rights.M[EC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60793-1-40 has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2001. This edition
constitutes a technical revision.

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

edition:

a) Improvement of the description of measurement details for B6 fibre;

b) |[Improvement of the calibration requirements for A4 fibre;

c) |Introduction of Annex E describing examples of short cable test results on A1 multimg

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

fibres.

FDIS Report on voting
86A/1909/FDIS 86A/1927/RVD

de

Full information on the voting for the approval of this International’ Standard can be found in
thel 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 60793 series, published“under the general title Optical fibres, ¢an
be [found on the IEC website.

The¢ committee has decided that the contentsiof this document will remain unchanged until the
stapility date indicated on the IEC websitésunder "http://webstore.iec.ch" in the data relateq to
the| specific document. At this date, the~document will be

e |reconfirmed,

e |withdrawn,

e |[replaced by a revised é&djtion, or

e |amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
thgqt it contains colours which are considered to be useful for the correct
ungerstanding of its contents. Users should therefore print this document using| a
colour printer.
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OPTICAL FIBRES -

Part 1-40: Measurement methods and test procedures—

Attenuation measurement methods

Scope

This part of IEC 60793 establishes uniform requirements for measuring the attenuation

op

fib

Forr methods are described for measuring attenuation, one being that for modelling spec
att

nuation:

method A: cut-back;

method B: insertion loss;

method C: backscattering;

method D: modelling spectral attenuation.

Merrhods A to C apply to the measurement of attenuatian“for all categories of the follow

eS:

class A multimode fibres;

class B single-mode fibres.

Method C, backscattering, also covers théJlocation, losses and characterization of pq
dispontinuities.

To]

Method D is applicable only to-¢tass B fibres.

Infprmation common to all-three—measurements,—and-to-the-modeling—method four meth

ap

Anpexes A, B, C, and)D, respectlvely

2

Th

Normative references

fical fibre, thereby assisting in the inspection of fibres and cables for commercial purposes.

pears in Clauses 1408 11, and information pertaining to each individual method appear$ i

of

ral

ing

nt

bds

content constitutes requirements of this document. For dated references, only the edifion

cit
an

IEC 60793-1-1,

following documents are referred to in the text in such a way that some or all of their
id appties—or mmmﬁm‘mmﬁmﬁ ing

y amendments) applies.

General and guidance

Optical fibres — Part 1-1: Measurement methods and test procedures -

IEC 60793-1-22, Optical fibres — Part 1-22: Measurement methods and test procedures —

Le

ngth measurement

IEC 60793-1-43, Optical fibres — Part 1-43: Measurement methods and test procedures —
Numerical aperture measurement
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IEC 61746-1, Calibration of optical time-domain reflectometers (OTDR) — Part 1: OTDR for

single mode fibres

IEC 61746-2, Calibration of optical time-domain reflectometers (OTDR) — Part 2: OTDR for

multimode fibres

3

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60793-1-1 and the

follpwing apply-

IS
ad

3.1

att
dis

wh

Not
dep

3.2
att
attf

attg¢nuation per unitjlength for a uniform fibre under steady state conditions

Not

attfnuation
nuation of a fibre at wavelength 1 between two cross-sections, 1 and 2, separated by a

and IEC maintain terminological databases for use in standardization at the‘fotlowing

resses:

IEC Electropedia: available at http://www.electropedia.org/

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

ance and defined as
PAA
A(2) =[10l0gqq (%
BR)(4)
Ere
) is the attenuation, in dB, at wavelength 4;

1) is the optical power traversing cross-section 1;

1) is the optical power traversing cross-section 2.

e 1 to entry: Attenuation is a measure of the decreasing optical power in a fibre at a given wavelength.
ends on the nature and length _of(the fibre and is also affected by measurement conditions.

bnuation coefficient

=3

b 1 to entryIt'is possible to define the attenuation per unit length or the attenuation coefficient as follows:
A(4)
a(d) =
L

which is independent of the chosen length of the fibre,

where

a(l) is the attenuation coefficient;

A1) is the attenuation at wavelength 4;
L is the length, in kilometres.

Note 2 to entry:

an attenuation coefficient of a fibre can be determined and the attenuation of concatenated fibres added linearly.

Uncontrolled launching conditions normally excite higher order lossy modes that produce
transient losses and result in attenuation that is not proportional to the length of the fibre. A controlled, steady-
state launching condition yields attenuation that is proportional to the fibre's length. Under steady-state conditions,


https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1

-10 - IEC 60793-1-40:2019 RLV © IEC 2019

3.3

spectral attenuation modelling

technique that predicts the attenuation coefficients across a spectrum of wavelengths from a
small number (three to five) of discrete values measured directly at different wavelengths

3.4

point discontinuity

temporary or permanent local deviation of the continuous optical time-domain reflectometer
(OTDR) signal in the upward or downward direction

Notf T to enfry: The nature of the deviation can vary with test conditions (e.g. pulse duration, wavelength, fand
direlction of the OTDR signal). Although a point discontinuity can have a length greater than the correspaondling
disglayed pulse duration (including transmitter and receiver effects), the length is usually about equal tosthe plise
duration. For a correct interpretation, the guidelines in IEC 60793-1-22 should be followed for measuringdength

4 | Calibration requirements

Seg Annexes A, B, and C for methods A, B, and C, respectively.

5 | Reference test method

Method A, cut-back, is the reference test method (RTM){Wwhich shall be the one used to seftle
disputes.

6 | Apparatus

Anpexes A, B, C, and D include layout drawings and other equipment requirements for each
of fhe methods, respectively.

7 | Sampling and specimens

7.1 Specimen length

Tthpecimen shall be.a known length of fibre on a reel, or within a cable, as specified in the
detail specification.

7.2l Specimen end face

Prgpare axftat end face, orthogonal to the fibre axis, at the input and output ends of each
spgcimen.

8 Procedure

See Annexes A, B, C and D for methods A, B, C and D, respectively.

9 Calculations

9.1 Methods A and B

Methods A and B, cut-back and insertion loss use Equations (1) and (2) respectively, which
appear in 3.1 and 3.2.
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9.2

Method C

See Annex C.

9.3

Method D

See Annex D.

10

Results

10,

Re

10.
Thy

10.

Fo
Thi

1 Information available with each measurement
port the following information with each measurement:

date and title of measurement;

identification of specimen;

optical source wavelength;

specimen length;

spectral attenuation, in dB, or attenuation coefficient, in dB/Km} versus wavelength o
specific wavelength(s), as required by the detail specification(

2 Information available upon request

e following information shall be available upon request:

measurement method used: A, B, C, or D;

type of optical source used:-eentral centroidalwavelength(s) and spectral width(s);
launching technique and conditions used;

indication if a dead-zone fibre was used (for method C only);

description of all key equipment;

pulse duration(s), scale range(s), and signal-averaging details;
details of computation technique (calculation method);

any deviations to the procedure that were made;

date of latest calibration of measurement equipment.

3 Methodsspecific additional information

s particularly applies when using method C for measuring point discontinuities.

for type B fibres — dimensions@nd number of turns of the mode filter or mode scrambler;

at

methods/C and D, see the additional requirements in Clauses C.6 and D.6, respective¢ly.

11

Specification information

The detail specification shall specify the following information:

type of fibre (or cable) to be measured;

failure or acceptance criteria at the wavelength or wavelength range;
any deviations to the procedure that apply;

information to be reported.
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Annex A
(normative)

Requirements specific to method A — Cut-back

A1 General

The cut-back technique is the only method directly derived from the definition of fibre

att
fib
an
exf

Thi

un

.2 Apparatus

e without change of input conditions. P,(4) is the power emerging from the end of the.fil
P4(2) is the power emerging from a point near the input after cutting the fibre. T
lains its wide acceptance as the reference test method for attenuation.

s measurement principle does not permit information to be obtained on(the attenuaﬂion
bemaviour over the length of the fibre, nor is it easy to measure the change of attenua

er changing conditions. In some situations, its destructive nature is a,disadvantage.

1 General apparatus for all fibres
iy General

b Figures A.1 and A.2 for diagrams of suitable test'set-ups.

Bias circuit

Cladding Fibre under test Cladding Detector
mode stripper mode stripper /

a i @ L @] 4@:(} ]

Amplifier v

Light
source

Level measurement | /4

the

ion

IEC

Figure A.1 — Arrangement of equipment-to-make for loss measurement at-ehe
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4

Halogen lamp

A.2
Fig
fur

A.2

Us
so\

Cladding Fibre under test Cladding Detector
Chooping di mode stripper mode stripper /
opping disc
pping s / af /
Mono- M Launching - \ - — ( \/
chromator _7 system N Qo R =\
\\\ \\
} Reference signal . L.ock=in
"N/ amplifigr

|

Cantroller

:

< | Plotter

Wavelength control

Figure A.2 — Arrangement of equipment used to.obtain loss spectrum

1.2 General launch arrangement

ure A.3 shows the general launch arrangemen? used for all fibres. See A.2.2 to A.2.4
her details as they apply to specific categories. of single-mode and multimode fibres.

1.3 Optical source

rce depends upon the type of \measurement. The source shall be stable in positi

intensity and wavelength over atime period sufficiently long to complete the measurem

pra
the)
wit
cor

sources used) such that.the line width is narrow, for example less than 10 nm, compa
N any features of the (fibre spectral attenuation. Align the fibre to the launch cone,
nect it-coaxially to a launch fibre.

Mode scrambler

Mode filter

Cladding mode

IEC

for

e a suitable radiation source, such-as a lamp, laser or light-emitting diode. The choicqg of

pn,
ent

cedure. Specify the spectral line width (between the 50 % optical intensity power pointg of

red
or

3 stripper

|

Figure A.3 — General launch arrangement

A.2.1.4 Source wavelength

Launch

IEC

Measurements—may can be made at one or more wavelengths. Alternatively, a spectral

res

ponse-may can be-regquired obtained over a range of wavelengths.
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A.21.5 Optical detection assembly

Means shall be provided to couple all power emitted from the specimen to the active region of
the detector. For example, an optical lens system, a butt spliced to a fibre pigtail, or a
coupling directly to the detector may be used. If the detector is already pigtailed, the pigtail
fibre shall have sufficiently large core diameter and numerical aperture to capture all of the
light exiting the reference and specimen fibres.

Use an optical detector that is linear and stable over the range of intensities and
measurement times that are encountered in performing this measurement. A typical system

mi(-hf nnl da o nhAl-A nll—nn mr\nlr\ nhatadiaode nmnIFnA byt o currant 1ot o lifinge \:ith
grre rHee—a P v oS C—pPTroTocTroC—arprTea u_y o—Coutrtrert— i pur—arhprerT—y

syrichronous detection by a lock-in amplifier.

A.3.1.6 Signal processing

It is customary to modulate the light source in order to improve the signal/néise ratio at fthe
receiver. If such a procedure is adopted, link the detector to a signal processing system
syrichronous with the source modulation frequency. The detecting system should |be
substantially linear or have—krewn-characteristics been fully characterized with a respofse
funfction.

A.2.1.7 Cladding mode stripper

Useg suitable techniques to remove optical power propagating/in the cladding where this would
sighificantly influence the received signal.

A.2.2 Launch apparatus for all single-mode fibres
A.3.2.1 General

An|optical lens system or fibre pigtail may-be employed to excite the test fibre. The poyer
coupled into the fibre shall be stable for_the duration of the measurement. See Figure A.1.

A.3.2.2 Fibre pigtail

If ysing a pigtail, it may be neeessary to use index-matching material between the soufce
pigtail and test fibre to eliminate interference effects.

A.3.2.3 Optical lens system

If using an opticalllens system, provide a means of stably supporting the input end of the fipre,
su¢h as a vacuuim’ chuck. Mount this support on a positioning device so that the fibre end ¢an
be [repeatedly positioned in the input beam. A method of making the positioning of the fipre
lesp sensitive is to overfill the fibre end spatially and angularly.

A.2.24 High-order mode filter

Use a method to remove high-order propagating modes in the wavelength range of interest.
An example of such a high-order mode filter is a single loop of radius sufficiently small to shift
the cut-off wavelength below the minimum wavelength of interest;—but-not-so—smalas—te
induce—wavelength-dependent-oscillations. For bending loss insensitive single-mode fibres,
multiple loops with smaller radius or longer cut-back specimen length can be applied. Care
should be taken that the radius is not too small as to induce wavelength-dependent
oscillations. Increase of the cut-back specimen length should be accounted for in the
attenuation computation.

A.2.2.5 Cladding mode stripper

The cladding mode stripper ensures that no radiation modes, propagating in the cladding
region, will be detectable after a short distance along the fibre. The cladding mode stripper
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often consists of a material having a refractive index equal to or greater than that of the fibre
cladding. This may be an index-matching fluid applied directly to the uncoated fibre near its
ends; under some circumstances the fibre coating itself will perform this function.

A.2.3 Launch apparatus for A1-graded-index multimode fibres
A.2.31 General

The launching conditions are of paramount importance in meeting the objectives stated in
Clause 1. Launching conditions are establlshed to avoid Iaunchrng power mto hrgher order

¢nuations which add in an apprOX|mater linear fashion WI|| be measured Because.thg
power distributions are essentially unaltered by the fibre, they are called "steady-stpte
distributions".

The¢re are two commonly used techniques to produce steady-state launch’)conditions |for
atténuation measurements: mode filters and a geometrical optics launch. Proper care in the
use of each technique gives comparable results.

Cafe should be taken that mode distribution is related with specjfmen length. For short|A1
muljtimode fibre cables (less than 1 km), the mode distribution ma@y‘not reach a steady state.
This will induce an increase in attenuation values towards shdtter fibre lengths, where fhe
magnitude of the length dependence depends on fibre typej\Jaunch condition, etc. In thg¢se
cages, attenuation values should be obtained from, sables long enough to reachl a
stepdy-state condition, or they can be taken from the original longer donor cable. As guidafce
for| sufficient cable lengths, see examples of cable{test results on A1 multimode fibreq in
Anpex E.

Se¢ Figure A.43 for a generic example of therlaunching arrangement using a mode filjer.
Examples of each mode filter appear below.

A.3.3.2 Examples of mode filters
A.2.3.21 Dummy-fibre mode-filter

Select a fibre of a similar type to that of the test fibre. The fibre should be long enodgh
(typically equal to or greater*than 1 km) so that the power distribution carried by the fiQyre,
when the launch source of A.2.1.2 is used, is a steady-state distribution.

A.2.3.2.2 Mandrel-wrapped mode filter

Anpther modefilter takes the form of a mandrel around which a few turns (typically threq to
five turns) efithe fibre under test are wound with low tension. Select the mandrel diametef to
engure that-the transient modes excited in the test fibre have been attenuated to steady-stgte.
p a far*field measurement to compare the power distribution exiting a long length of fest
e (greater than 1 km) that has been excited W|th a unlformly overfilling source, with the

mandrel diameter to produce a far-field distribution in the short length that apprOX|mates the
long length far-field power distribution.

The numerical aperture (as measured by IEC 60793-1-43) of the radiation pattern exiting the
short length shall be 94 % to 100 % of the numerical aperture of the long-length pattern.

The diameter of the mandrel may differ from fibre to fibre depending on fibre and coating type.
Common prescriptions consist of diameters in the range of 15 mm to 40 mm, with five turns of
fibre within a 20 mm length of the mandrel. While mandrels of different size and arrangement
can be selected, Table A.1 illustrates common mandrel sizes for fibres of different core
diameters.
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Table A.1--Mandrel sizes Size examples

Core diameter Mandrel diameter
pgm mm
50 25
62,5 20
100 25

. . .
-3-3—Exampleof-geometrical-opticstatunch

ver into leaky, unbounded modes. For a 50/125 uym, 0,2 NA graded-index multimode fik
LPS launch condition consists of a uniform 35 pm spot and 0,14 NA.

example of the optics necessary to produce the LPS launch is given in Figure A.4. |
ortant to ensure that the axis of the launch beam is coincident with-the axis of the fibre

imy
th

opfical system at the wavelengths of operation to ensure (proper measurement. W
malndrels of different size and arrangement can be selected, common mandrel sizes for fib|

of

A.2

An
sud

the spot and incident cone of light are centred on the core pf the fibre. Also, set up

ifferent core diameters, are shown in Table A.1.
Spot defining NA defining
aperture aperture

Intermediate lens

N 1
_ - d | [ ~
(| T <) | N =——
“~<__\ - " 4 ! | L7 Launch
s~y NS -- -—— --4r
! \
|
|
|
|
|

Infra-red

viewer
IEC

Figure A.4 — Limited phase space launch optics

.3.4 Mode scrambler

essentially uniform power distribution is launched prior to the mode filter. For a sou
has-an LED or laser, which does not-de-se form a uniform power distribution, use a mgq

imited phase space (LPS) launch is defined as a geometrically produced launch that
unIorme fills 70 % of the test fibre's core diameter and 70 % of the test fibre'ssnumerical
ape¢rture. This is the maximum geometrically launched power distribution that does not lau

ch
re,

SO
the
hile
Fes

rce
de

Scr

mbler. The mode scrambler shall comprise a suitable fibre arrangement (for exampl

step-graded-step index profile sequence).

A "mode scrambler" is a device which is positioned between the light source and test fibre to
control launching conditions. A particular mode scrambler design is not specified. It should be
emphasized that the performance of these scramblers depends upon the launch optics and

fibr

e sizes (core and NA) used in the actual construction.

EXAMPLE The two designs given in Figure A.5 are for illustration purposes only.
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Figure A.5 - Two examples of optical fibre scramblers

Launch apparatus for A2 to A4-step-index multimode fibres

IEC

Some examples of generic launching arrangements for short-distancé’fibres are described in

Figures A.6, A.7 and A.8.

Th
Th

»)
L
»)
L

reproducibility of the attenuation measurements of-step-iidex multimode fibres is criti¢al.
refore, a well-defined launching set-up description is\nécessary. Such a set-up can

be

achieved by using commercially available optical components and shall be capable| of
prgviding for spot sizes and launch NAs as given in Table’A.2.

Table A.2 — Launch conditiofns for A2 to A4 fibres

Fibre category

Atfribute A2.2 fibre? A3 fibre A4 fibre
Glass core/glass cladding Glass core/plastic cladding Plastic core/plastic claddipg
SHot size = fibre core size = fibre core size = fibre core size with full

mode launch (or use mod¢
scrambler with equilibrium
mode launch)

Nymerical aperture = fibre nrax."NAP

(NP)

= fibre max. NA®

= fibre max. NA, with full
mode launch®

Category A2.1 fibre requires further

into the fibretunder test.

study.

This launch condition’ can be produced by overfilling a mode filter made from 2 m of fibre identical to the
fibre under test, with appropriate cladding mode stripping and using the output from this mode filter to launfch

This launchycondition can be produced in the same manner as described in Footnote b. However, sore
types of\A3 and A4 fibre will not require cladding mode stripping for the mode filter.

(@

Fibre under test

Lens
IEC

Figure A.6 — Lens system
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A.3.51 General calibration requirements

A.3.5.2 Requirements for A4 fibres
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Launch fibre

—= N (0),
—<r—

Splice Fibre under test

Cladding mode stripper

(if necessary) EC

Figure A.7 — Launch fibre

Fibre under test

Mode scrambler
IEC

Figure A.8 — Mode scrambler (for A4 fibre)

ibrate the optical source's centroidal wavelength to within £10 nm.

hg an LED as optical source. Owing to characteristic strong sharp variations in attenuafion
ion
asurements should be performed in order to take into account effects that could affect fhe
asurement when calibrating wide-spectrum sources used for attenuation measuremg@nt,

A4 fibres it is common to perfogm™attenuation measurements at specific wavelengj\hs
|

esfjecially when the centroidal wavelength is significantly far from the intended wavelenfgth

me|

the| negative influencévef the following effects:

asurement. A full characterization will ensure repeatability of the measurements and avjoid

Distortion on.the attenuation measurement

An opticglsource with wide spectrum, for example, an LED, will cause measuremgent
errors _(on"' the measurements, since parts of the optical spectrum lie in low-Ipss
wavetengths and other parts lie in higher-loss wavelengths. This is illustrated in Figure A.9
witih~the Gaussian line "b" showing the spectral response for an LED source used| to
measure A4 fibres and with the expected spectral attenuation indicated by the line "a".[{To
take proper consideration of the potentially high attenuation variations, the source shall be
calibrated both in its centroidal wavelength and spectral width and it should be checked
that these two characteristics match the expected wavelength attenuation of the fibre

under test.

Spectral filter effect

Light with a wide spectrum undergoes relatively little attenuation at some wavelengths
while other spectral parts suffer higher losses when propagating through A4a fibres. With
longer measured fibre lengths, the detected LED spectral maximum shifts towards the
fibre attenuation-minimum wavelength. This can be seen in Figure A.9, where the original
spectral source is illustrated with the line "b" (characterised through a 0 m fibre length)
and the same spectra detected after passing different lengths of an A4 fibre. As the
measurement-fibre length increases, a shift on the maximum of the detected Gaussian
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signal occurs towards the wavelength of minimum attenuation of the fibre (lines "c" to "f" in

Figure A.9).
A A

Rel power
(dB/km)

620 630 640 650 660 670 680 690

Wavelength (nm)
IEC

Figure A.9 — A wide-spectrum source (line "b") could¢lead to attenuation measureme

Procedure

.1 Set the fibre under test in the measutement apparatus. Record the output power, P,

Calculations

mejasured using (Equation (1) in 3.1, or calculate the attenuation coefficient by u
Equation (2) in.3:2, or both, as required.

A.4.2 Using the attenuation measurement results at discrete wavelengths, a spec
att¢nuation curve can be calculated with relationships such as those described in Annex D.

.1 Calculate theyattenuation between the points where P,(4) and P,(1) have b;Ten

ht
")

A).

for
hck

ing

ral
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Annex B
(normative)

Requirements specific to method B — Insertion loss

B.1 General

The insertion loss technique is, in principle, similar to the cut-back technique, but P4(A) is the
power pmprging from the output of the Immr‘hing system

The insertion loss technique is less accurate than that of the cut-back one, butshas the
adyantage of being non-destructive for the fibre under test and for the terminators possibly
fixgd at both ends. Therefore, it is suitable for field use, and mainly intended. for use With
connectorized cable lengths.

This method does not allow for analysis of the attenuation over the length”of fibre. But giyen
the| previous known power, P,(4), it is possible with this technique tormeasure the continufing
change in attenuation over changing environmental conditions suchyas temperature and forge.

B.2 Apparatus

B.2.1 General set-ups

Figures B.1 (calibration) and B.2 (measurement)-show diagrams of suitable measuremgnt
settups.

B.3.2 Apparatus common to method A((cut-back)

Se¢ the provisions of A.2.1. See also all of the appropriate information on Iaunchling
conditions in A.2.2 (for single-mode.fibre), A.2.3 (for A1-graded-index multimode fibre), and
A.4.4 (for A2 to A4-step-index multimode fibre).

B.3.3 Additional apparatus specific to method B (insertion-loss)

The insertion-loss techniquée requires the use of a very precise fibre-to-fibre coupling devic¢ in
order to minimize the«coupling losses and to ensure reliable results. This coupling device ¢an
be|a mechanical adjustment that is visually inspected, or a connector with a core-to-cpre
pogitioning.

B.3.4 Calibration requirements

Se¢ A.2.5

B.3 Procedure

B.3.1 The reference fibre shall be of the same type as that under test. Any connectors and
their associated losses are included in the definition of the reference fibre.

B.3.2 Initially calibrate the measurement equipment in order to obtain an input reference
level, P4(1). Use the same fibre type as a reference fibre at the initial calibration. The length
of the reference fibre should be small (for example, 2 m) so that its attenuation can be
neglected. (If the attenuation of the reference fibre cannot be neglected, add the value to the
calculated value.)

B.3.3 Connect the fibre under test to the measurement apparatus and adjust the coupling to
give a maximum level on the optical detector. Record the output power, P,(A).
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B.4 Calculations

Calculate the attenuation by using Equation (1) in 3.1, or calculate the attenuation coefficient
by using Equation (2) in 3.2, or both, as required.

Bias circuit

1 2
Light N/ » Launching et = (7
source —f— —» system . — \ N/

Amplifié? v

o

Levelmeasurement

IEC

Figure B.1 — Calibration of insertion loss measurement set

Bias circuit

Fibre under test Detector

. : 1 2 s
Light — Launching @ .
source e systém D= D=,

IEC

Amplifier

Level measurement

Flgure B-2— Measurement of Insertion 105s
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Annex C
(normative)

Requirements specific to method C — Backscattering

C.1 General

The backscattering method, which is a discrete-wavelength, single-sided measurement,

meg es the optical power backscatiered from different points in the fibre to the beginnin

the] fibre.

The measurement is affected by the propagation speed and the backscattering behaviou
the| fibre and may not be accurate for measuring fibre attenuation. The technique™can only
used to measure the fibre's attenuation by taking the backscatter measurements from b
ends of the fibre under test and averaging the two backscatter traces.

Thils technique allows analysis of the entire fibre, particularly of longitudinal subsectiong
thel fibre, or even identification of discrete points such as splices. It,also permits calculation
thel fibre length.

Methods to describe the uniformity of attenuation from-the bi-directionally averag
bad kscattered traces areaﬁde#een&deﬁanen considered¢ imEC TR 62316.-H-is-expected-4

aVa' \VARYY apbhes 3 an Ctechn 3 ne aHon

C.2 Apparatus

C.2.1 General

This method uses an optical time-domain reflectometer (OTDR), which shall normally con
of fhe following minimum list of compdnents. See Figure C.1 for a block diagram.
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Test fibre

Optical
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Figure C.1 — Block diagram of an OTDR
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C.2.2 Optical transmitter

C.2.2.1 This usually includes one or more pulsed laser diode sources capable of one or
more pulse durations and pulse repetition rates. Unless otherwise specified in the detail
specification, the spectrum for each wavelength shall satisfy the following.

C.2.2.2 The-central centroidal wavelength shall lie within 15 nm of the specified value; report
the difference between the—eentral centroidal wavelength and the specified value if it is
greater than 10 nm.

CWWM—WQM—MMMM at
half maximum (FWHM) shall not exceed 25 nm.

C.3.2.4 If the data are to be used in a spectral attenuation model:

— |the spectral width shall not exceed 15 nm (FWHM) or 6 nm (RMSW) for wavelengths in fhe
water peak absorption region (e.g., 1 360 nm to 1 430 nm);

— |[report the actual-eentral centroidal wavelength to within 2 nm of the actual value.
C.2.3 Launch conditions

Prqvide a means for connecting the test fibre (or the optional dead=zone fibre of C.2.10) to the
insfrument panel, or to a fibre pigtail from the source.

For type A fibre, optical sources may not produce launch-¢conditions that are well controlled or
appropriate to this measurement method. Therefore,<unless otherwise specified in the detail
sp{cification, launch conditions for attenuation measurements shall be those used in cut-back
atténuation measurements (method A).

C.24 Optical splitter

A doupler/splitter within the instrument directs the power from the transmitter into the fibrd. It
alsp directs light returning in the fibrefrom the opposite direction to the receiver.

C.3.5 Optical receiver

This usually includes a photodiode detector having a bandwidth, sensitivity, linearity, gand
dynamic range compatible with the pulse durations used and signal levels received.

C.32.6 Pulse duration and repetition rate

Th¢ OTDR may be provided a choice of several pulse durations and repetition rates
(sgmetimes—~Coupled to the distance control) to optimize the trade-off between resolution and
range. With-a high amplitude reflection, it may be necessary to set the rate or range to a vajue
exgeeding twice the distance of the reflection in order to prevent spurious "ghost" images.
Pulsé<«oding techniques may also be used.

NoTE Care should be taken when selecting the pulse duration, repetition rate, and source
power. For shorter distance measurements, short pulse durations are necessary in order to
provide adequate resolution. This in turn will limit dynamic range and maximum measurable
length. For long length measurements, the dynamic range can be increased by increasing the
peak optical power up to a level below which non-linear effects are insignificant. Alternatively,
pulse width can be increased, which will reduce the resolution of the measurements.

c.2.7 Signal processor

If required, the signal-to-noise level may be increased by the use of signal averaging over a
longer measurement time.
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Cc.2.8 Display

This is incorporated into the OTDR and is part of the equipment controlling the OTDR. The
OTDR signal is displayed in a graphical form with the vertical scale as decibels and the
horizontal scale as distance. The vertical decibel scale shall correspond to half the round-trip
of the backscatter loss. The horizontal scale shall correspond to half the associated optical
group delay, converted to distance. Tools such as cursors may be used to manually or
automatically measure all or part of the OTDR trace on the display.

Cc.2.9 Data interface (optional)

The instrument may be capable of interfacing with a computer for automatic analysis .of the
sighal or for providing a hard copy of the display trace.

C.2.10 Reflection controller (optional)

Mejans of minimizing transient saturation of the receiver due to high Fresnel reflections may
be |[required to reduce the length of fibre "dead zone" following each reflector. This can|be
incprporated into the coupler/splitter, or may be done by electronic masKing. To overcome the
initjal reflection at the OTDR connector, a dead-zone fibre (with a length in metres numerically
exgeeding one-tenth the displayed pulse duration in nanoseconds) 'may be used between fhe
OTPR connector and the specimen.

C.2.11 Splices and connectors

Unl|ess otherwise indicated in this procedure, any splices-or connectors required by the OTDR
(e.g., to join the OTDR or the dead-zone fibre to thetest fibre) shall have low insertion 1pss
and reflectance (high return loss). This is to minimize extraneous effects upon the OTPR
trace of interest.

C.3 Sampling and specimens

This is a fibre on a reel or within a eable, under conditions specified in the detail specificatipn.
The measurement may be performed in the factory or in the field, upon either single| or
concatenated sections.

NoFE Care should be taken-to ensure that winding does not introduce artificial attenuation|for
point discontinuity or_attenuation measurements. Alternatively, any induced loss confined to
thel ends of the fibre length (as with the first layer on a reel) can be excluded in a calculatjion
of fhe attenuation(coefficient.

C. Procedure

c.4.1 General

C.4.11 General measurement steps

C.4.1.1.1 The use of an OTDR for indirect measurement of attenuation or fibre attenuation
coefficient of an optical fibre or fibre cable is described below.

For type A1 and A2 optical fibres, more accurate values may be obtained by using spectral
attenuation cut-back measurements. If the values obtained by these two techniques differ
from each other, the values from the cut-back technique will be accepted as correct, unless
otherwise specified in the detail specification.

For type B1 and B2 optical fibres, by performing these measurements at multiple wavelengths,
a spectral attenuation curve can be generated using relationships such as those described in
method D (see Annex D).
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C.4.1.1.2 Connect the specimen either to the instrument or to one end of the dead-zone fibre
(if used). Connect the other end of the dead-zone fibre (if used) to the instrument.

C.4.1.1.3 If the attenuation coefficient and accurate distances are to be recorded, the
effective group-delay index of the specimen is required. If this value is not known, use the
procedure for the OTDR measurement of fibre or cable length (method B of IEC 60793-1-22)

to determine it.

C.4.1.1.4 Enter OTDR parameters such as source wavelength, pulse duration, length range,
and signal averaging into the instrument, along with the specimen's effective group-delay
index (if required by C.4.1.1.3). The values of some of these parameters may be preset in the

insfrument.

C.4.1.1.5 Adjust the instrument to display a backscatter signal from the specimenZit may|be
adyantageous to begin with coarse vertical and horizontal scaling to maximize the length
displayed. Figures C.2 and C.3 give examples for use with measuring-attenuation @nd
Figures C.4 and C.5 are example schematics for use with measuring point discontinuities.
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Figure C.2 — Schematic OTDR trace for a "uniform” specimen preceded
by a dead-zone fibre

OTDR signal/(gB)

’, JL‘W

-

Z 22 Distance
IEC

Figure C.3 — Schematic OTDR trace for a "uniform" specimen not preceded
by a dead-zone fibre
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C.4.2 Further steps for measuring attenuation
C.4.21 Step 1

C.4.2.1.1 If increased resolution is needed, adjust the graphical display, if possible, to
expand the section of interest to a larger scale (exercising care to ensure that proper readings
of the true signal can still be distinguished from the noise points).

C.4.2.1.2 (Optional, along with C.5.3) If using a dead-zone fibre, refer to Figure C.2. Place
a cursor at the beginning of the trace for the specimen prior to any power drop-off (which may
be diffi . . g ising
edge of the reflection pulse. (If the beginning of the trace is not apparent due to mini
dispontinuity, apply a tight bend at this location and vary the radius to assist in\curgor
placement.) Obtain the distance coordinate, zq, via the alphanumeric display. If a-déad-zgne
fibde is not used, no cursor placement is required; take z5 = 0.

C.4.2.1.3 Place a cursor on the beginning of the linear portion (after the near end) of the
trage for the specimen. If using the dead-zone fibre (Figure C.2), place the“cursor beyond the
recovery from the small reflection at the end of the dead-zone fibre. If not using fthe
deqd-zone fibre (Figure C.3), place the cursor beyond the dead-zone)of the OTDR connecijor.
Obtain the distance and power coordinates, [z4, P{(4)], via the alphanumeric display.

C.4.2.1.4 Place the same or another cursor at the end of the trace for the specimen gt a
point-simitar—teo—that-in—GC-3-5-+4- by using the methodology described in C.4.2.1.2 for fhe
bei;nning of the trace. If the end of the trace is not apparent due to minimal discontinulity,
apply a tight bend at this location and vary the<radius to assist in cursor placemgnt.
Altgrnatively, cleave the fibre far end, if possible;to produce a reflection there. Obtain the
cogrdinates, [z5, Py(1)].

C.4.2.1.5 Repeat the relevant tests of Clause C.4 at each wavelength required.

C.4.2.2 Step 2

Repeat the measurement for a signal launched into the specimen in the opposite direction.|To
obfain accurate attenuation values, bi-directional traces at the same wavelength are averaged,
so ps to eliminate the effects. 0f length varying backscatter properties.

C.4.3 Further steps. for measuring point discontinuities

C.4.3.1 Examinerthe OTDR signal along the specimen for point discontinuities as defined in
3.4] If increased\.resolution is needed, adjust the graphical display, if possible, to expand the
segtion of interest to a larger scale (exercising care to ensure that proper readings of the tfue
sighal can still be distinguished from the noise points). See Figure C.5 for an example.

C.4.372~To determine that a point discontinuity (rather than an attenuation non-uniformity
sityation) exists, observe the area in question. using two different pulse durations. If Fhe
shape of the loss or gain changes with the pulse duration, the anomaly is a point discontinuity.
If the shape does not change, consider the anomaly to be an attenuation non-uniformity to be
measured according to the test procedure for measurement of fibre or cable attenuation.
Alternatively, if the OTDR pulse shape and duration are known, the resultant shape of the

backscatter curve at point discontinuities may be used to determine their existence.

C.4.3.3 Determine the discontinuity location, if required, by placing a cursor at the beginning
of a power rise or drop (or at another point specified by the OTDR manufacturer). This may be
difficult to do for a power drop. Obtain the coordinate via the alphanumeric display.

C.4.3.4 Obtain the apparent loss or gain of the discontinuity, if required, by the method
described by the OTDR manufacturer. Some instruments require placement of a pair of
cursors on each side of the discontinuity. Extrapolate the two best-fit straight lines (from a
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two-point or least-squares fit for each) to the location of the discontinuity. If available, the
linear fit method should be chosen. The vertical separation of the lines gives the apparent
loss or gain.

Note any reflection peak. The height of a given peak will decrease with increasing pulse width
and increase with decreasing pulse width.

C.4.3.5 Repeat the test for a signal launched into the specimen in the opposite direction.
Make a loss calculation (and the elimination of apparent gain) by averaging readings taken
bi-directionally at the same wavelength. This eliminates the effects of any backscatter
diﬂErences for the fibre sections on both sides of the discontinuity. Bi-directignal

me@asurements may not be possible in all cases, thus necessitating unidirectignal
me@gsurement.

C.4.3.6 Report any point discontinuity deviations that exceed the values specified in the
dellail specification. Describe the nature of these discontinuities (e.g. apparent loss or gain,
reflection, duration, etc.), as required by the detail specification.

C.4.3.7 If required by the detail specification, repeat the test at another wavelength.

% A Input

- reflection Reflective End-face
S / fault reflection
2 ,

N 4 / y:

x ;

x y y

}—

O

Non-reflective
fault

[
|

Distance 7
IEC

Figure C.4 — Schematic OTDR trace showing apparent loss due to point discontinuiti¢s,
one reflective and one non-reflective

% A No apparent
5 loss or gain
c
2 \
2]
o V\ﬂ
[a)
}—
] ‘\

Apparent

gain

.

Distance 7
IEC

Figure C.5 — Schematic of an expanded OTDR trace showing two point discontinuities,
one with apparent gain, and another with no apparent loss or gain
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C.4.4 Calibration

Follow the provisions of IEC 61746-1 for the single-mode OTDR calibration method, or of
IEC 61746-2 for the multimode OTDR calibration method.

C.5 Calculations

C. 54— irectiomat-bacl orof—thre—fi " omrbeginmi

the)

C.§
giv

Cl

dead zone is given by [P4(4) — P5(A)] in dB.

.2 The unidirectional backscatter attenuation coefficient of the fibre or cablé/sectior
ENn by o= [P1(/1) _Pz(ﬂ)]/(22 _21) in dB/km

fiode or cable section is given by [P{(1) = Po(D)] + a (z4 —zy) in dB (Where— « is given

C£

C.5

NO
thog
leag
the

C.5

op
fib

C.5
the)

2), or equivalently by [P{(1) = Po(A)(z9 — zg)/(zo 21), in dB.

[E Some OTDRs can also utilize a least-squares fit to a line, but\this-may can give results that differ f
e given by the two-point subtractions. The type of calculation is indicated in the detail specification. While
t-square average (LSA)-may method can be the more repeatable~method due to noise effects,-but it can e
presence of inhomogeneities.

.5 Repeat the calculations for the measurements made—at—each—wavelength in
osite direction. Compute the average of the two calculations made in C.5.2 to arrive at
e's attenuation coefficient at that wavelength.

.6 Repeat the calculations of C.5.4%through C.5.5 at each wavelength so as to determ
attenuation coefficient at each wavelength.

C.6 Results

C.6

deflects:

specimen end 'where the OTDR was located;
features ofithe point discontinuities as required by the detail specification.

.2 |In—addition to the requirements in 10.2, the following information shall also
ilable/on request:

.4 Some OTDRs can automatically perform the two-point subtractions in C.5.1 to C.5.2.

ter

3 (Optional, along with C.4.2.1.2) The unidirectional backscatter attepuation of the total

in

Fom
the
rin

the
the

ine

.1 In addition to theé.requirements of 10.1, report the following when measuring pgint

be

fibre or cable specimen, including its type, elfective group index, lengin, and deploym
conditions;

OTDR instrument (including-mark brand, model and manuals);
pulse duration(s), scale range(s), and signal averaging details;

central centroidal wavelength(s) and spectral width(s) as periodically verified
accordance with C.2.2;

indication of whether dead-zone fibre is used;
method of calculation.
indication of the bi-directional or unidirectional measurement method.

ent

in

Figures C.4 and C.5 show examples of OTDR traces for several types of point discontinuities:
a reflective discontinuity and a non-reflective one, both exhibiting apparent loss (Figure C.4);
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a discontinuity exhibiting an apparent "gain", and one with no apparent loss or gain
(Figure C.5).
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Annex D
(normative)

Requirements specific to method D — Spectral attenuation modelling

D.1 General

To]

Method D can be demonstrated on class B single-mode fibres.

The attenuation coefficient of a fibre across a spectrum of wavelengths may.be’calculated| by
mejans of a characterizing matrix, M, and a vector, v. The vector v contains the measufed
attenuation coefficients of a small number (three to five) of wavelengths (e.g. 1 310 nm,
1 330 nm, 1 360 nm, 1 380 nm, and/or 1 550 nm).

In pne approach, the fibre or cable supplier shall provide a matrix:characteristic of its prodyct,
and the modelled spectral attenuation is a vector, w, calculated from the product of M and :

w=Mxvy (0.1)

—

Alternatively, if using a generic matrix, the supplier’shall provide a correction factor vegtor
sugh that the prediction equation becomes

W=w+e (0.2)

where

W lis the modified vector;

w |comes from Equation (D.1);

e |is the correction factor(vector.
A deneric matrix is a €haracterizing matrix which can be applied to a variety of fibres, designs
and suppliers (presumably within a single fibre type), and which is determined and/or invoked

by |a standards bedy, single customer/end-user, or other industry source to which individual
suppliers can_cempare their products, the difference being resolved by the vector, e.

D.2 Apparatus

Sl oT thlo tcuhll;quc ;IIVU:VCO [=} ua:uu:at;uu uc;llg plcdctcllll;llcd VG:UUO, LAY apcu;f;u appal US
is required. Please refer to the specific technique used to generate the measured values upon
which the calculations are made.

D.3 Sampling and specimens

See Clause D.2.

D.4 Procedure

See Clause D.2.


https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1

IEC 60793-1-40:2019 RLV © IEC 2019 -31-

D.5 Calculations

The attenuation coefficient of a fibre across a spectrum of wavelengths may be calculated by
means of Equation (D.1). The vector, v, contains the measured attenuation coefficients of a
small number (three to five) of predictor wavelengths (e.g., 1 310 nm, 1 330 nm, 1 360 nm,
1 380 nm, and/or 1 550 nm). Multiplying the matrix, M, times the vector, v, yields another
vector, w, which contains the predicted attenuation coefficients at many wavelengths (such as
at 10 nm wavelength intervals from 1 240 nm to 1 600 nm). The resultant vector, w, contains
the predicted attenuation coefficients at many wavelengths (such as at 10 nm wavelength
intervals from 1 240 nm to 1 600 nm).

Thla matrix, M, is given by

whegre
m |is the number of wavelengths for which the attenuation cogfficients have to be estimated;
n |is the number of predictor wavelengths.

cogfficients at each wavelength shall be less than-05c¢*a maximum attenuation value (indBfkm)
within a stated wavelength range. A differentteferance—0;yy—dBlkm value of maximum
att¢nuation may be necessary if an additional wavelength range is specified. The value(s] of
xxHand—yy); maximum attenuation and the“wavelength range(s) should be agreed upon
between the user and the manufacturer.

The¢ standard deviation of the difference between/the actual and predicted attenuarn

If the estimate is obtained by using the supplier's specific matrix, M, then no correction vecior,
e, ip necessary.

Since the elements of both M and ¢ are achieved on a statistical basis, the w vector elemelnts
shgll be statistically determined. To indicate the accuracy of the predicted attenuation
cogfficients, the fibre suppliers shall give a vector containing the standard deviation of the
differences between the actual and predicted attenuation coefficients, together with M and/or
e (3ee Clause D.6).

NOFE+4 In order-fo facilitate the use of this matrix, the fibre should be routinely measureq at
the| predictoriwavelengths. The predictor wavelengths should number from three to five, with a
strong preference given to the lower number if sufficient accuracy can be achieved. The
spgcific'wavelengths (e.g., 1 310 nm, 1 330 nm, 1 360 nm, 1 380 nm, and/or 1 550 nm) are|an
iterrw for further study.

NoTFE-2 This model considers only uncabled fibre attenuation. An additional vector should be
added to w in order to account for cabling and environmental effects.

D.6 Results

D.6.1 In addition to the information required by 10.1, report the predicted attenuation and
corresponding wavelength.

D.6.2 In addition to the information required by 10.2, the following shall be available upon
request:

— the method used to obtain the measured attenuation values;
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the matrix used to predict the spectral attenuation, or the correction vector if a standard
matrix was used;

the vector containing the standard deviation of the differences between the actual and
predicted attenuation coefficients obtained during the development of the matrix.
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Annex E
(informative)

Examples of short cable test results on A1 multimode fibres

Figures E.1, E.2, and E.3 represent examples of length-dependent attenuation coefficient
measurement results on A1a.1, A1a.3 and A1b multimode fibres at 850 nm and at 1 300 nm,

respectively. Each value is an average of measurements repeated 3 times.

Tegtmethodmethod A, CUL-DaCK, A
Layinch condition: geometrical optics launch (70/70) Qy
N2
Sample configuration: in fibre spool, 30 g winding tension (-19
gl o £ '\,b‘
Sp29 1 T 0,54 oy
£ p27{— £ 0,52 ,4\0\_,
e &
SR25 S 05 |® Q\(\\)
B p,23 * ® 0,48 . -
5D 21 " + % 046 1 ((C.)
Sp 19 S 044+ e
g N s K . * .
2f g 0,42 105
b . : ; : > g 0,4Q0 - - . ; IR
< 0 2000 4000 6000 8000 = Q 2000 4000 6000 8000
Fibre length (m) ? Fibre length ()
IEC 0\\ IEC
Figure E.1 — Example of attenu@i n coefficient tests on A1a.1 fibre
&
g A ) ®$ § A
Lp4 o @05
’ e
~D,38 1o =
£p36 - £ 0,481
< D 34 . P c <+
2b32 A S 0,46
2b3 N © .
S b8 — o (@ T 044 . *
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2b22 AN hd B
2b> —) : —» 204 - : : :
<" o 20000 4000 6000 8000 g o0 2000 4000 6000 8000
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Q~ IEC IEC
@gure E.2 — Example of attenuation coefficient tests on A1a.3 fibre
&
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Figure E.3 — Example of attenuation coefficient tests on A1b fibre
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-40: Attenuation measurement methods

1)

2)

3)

4)

5)

6)

7)

8)

9)

FUOREVWURD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization/Compri

nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National(Committee intere

povernmental organizations liaising with the IEC also participate in this preparation\JEC collaborates clo

hgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as lnearly as possible, an internati

nterested IEC National Committees.

EC Publications have the form of recommendations for internationalise and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts 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

he latter.

EC itself does not provide any attestation ofscenformity. Independent certification bodies provide confor
pssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
ervices 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

bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the.correct application of this publication.

batent rights..JEC 'shall not be held responsible for identifying any or all such patent rights.

Eing

bll national electrotechnical committees (IEC National Committees). The object of IEC is. to. pronpote

ns,
IEC
ted

n the subject dealt with may participate in this preparatory work. International, governmental and nfon-

sely

vith the International Organization for Standardization (ISO) in accordance wijth/conditions determined by

nal

consensus of opinion on the relevant subjects since each technical conimittee has representation front all

nal
IEC
any

ons

ransparently to the maximum extent possible in their national and regional publications. Any diverggnce
between any IEC Publication and the correspondingmational or regional publication shall be clearly indicated in

ity
any

and
P or

bther damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees) [and

IEC

Attention is drawn to-fRe' Normative references cited in this publication. Use of the referenced publicationfs is

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subjedt of

Int¢rnational/’Standard IEC 60793-1-40 has been prepared by subcommittee 86A: Fibres and

cal

les,,of\l[EC technical committee 86: Fibre optics.

Th

constitutes a technical revision.

Second editionm cancets and-Teptaces the firsteditiom pubfistred—m200+—T his—edition

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

a)
b)
c)

Improvement of the description of measurement details for B6 fibre;
Improvement of the calibration requirements for A4 fibre;

Introduction of Annex E describing examples of short cable test results on A1 multimode

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

FDIS Report on voting
86A/1909/FDIS 86A/1927/RVD

Full information on the voting for the approval of this International Standard can be found in

the

Thi

report on voting indicated in the above table.

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

A list of all parts in the IEC 60793 series, published under the general title Optical fibres,”¢an
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 IEC website under "http://webstore.iec.ch" 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.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
thgt it contains colours which are considered to be useful for the corrdct
ungderstanding of its contents. Users should therefore print this document using| a

co

our printer.
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OPTICAL FIBRES -

Part 1-40: Attenuation measurement methods

par [ i T Of measuring the attenuation] of
opfical fibre, thereby assisting in the inspection of fibres and cables for commercial purposgs.

al

—

Fotr methods are described for measuring attenuation, one being that for modelling spec
nuation:

— |method A: cut-back;
— |method B: insertion loss;
— |method C: backscattering;

— |method D: modelling spectral attenuation.

Methods A to C apply to the measurement of attenuation for-all categories of the followjing
fibres:

— |class A multimode fibres;
— |class B single-mode fibres.

nt

Method C, backscattering, also covers the ‘ecation, losses and characterization of pq
dispontinuities.

Method D is applicable only to class B-fibres.

Information common to all foufomethods appears in Clauses 1 to 11, and informafion
peftaining to each individual meéthod appears in Annexes A, B, C, and D, respectively.

2 | Normative references

The¢ following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the editiion
cited applies_For undated references, the latest edition of the referenced document (includjing
any amendments) applies.

IEQ 80793-1-1, Optical fibres — Part 1-1. Measurement methods and test procedureg —

1
Geheraland

IEC 60793-1-22, Optical fibres — Part 1-22: Measurement methods and test procedures —
Length measurement

IEC 60793-1-43, Optical fibres — Part 1-43: Measurement methods and test procedures —
Numerical aperture measurement

IEC 61746-1, Calibration of optical time-domain reflectometers (OTDR) — Part 1: OTDR for
single mode fibres

IEC 61746-2, Calibration of optical time-domain reflectometers (OTDR) — Part 2: OTDR for
multimode fibres
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60793-1-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

° 1ISO Onlina-hrowsina nlatfarm:- availahlg ot hitn-/hanana iea ara/abn
t A+HHRe-—B+oWSHR g—prattoH—aaHapr8—at+HHpP-r-wAA W -+ greup

3.1
attenuation
attgnuation of a fibre at wavelength /1 between two cross-sections, 1 and 2, separated by a
distance and defined as

A(4)
AA) = 10Iog10— (1)
B (4)
whegre
A(4) is the attenuation, in dB, at wavelength 4;
P4(1) is the optical power traversing cross-section 1;

P,(1) is the optical power traversing cross-section:

Notg 1 to entry: Attenuation is a measure of the decreasing optical power in a fibre at a given wavelength. It
depgends on the nature and length of the fibre and is alsé;affected by measurement conditions.

3.2
attenuation coefficient
attgnuation per unit length for a uniform fibre under steady-state conditions

Notg 1 to entry: It is possible to definethe attenuation per unit length or the attenuation coefficient as follows:

)

()= 2)

whi¢h is independent of the chosen length of the fibre,

whdre

a(d is the dttenhuation coefficient;

AL is the.attenuation at wavelength 4;
L is the length, in kilometres.

Note 2~ o entry: Uncontrolled launching conditions normally excite higher order lossy modes that produce
transient losses and result in attenuation that is not proportional to the length of the fibre. A controlled, steady-
state launching condition yields attenuation that is proportional to the fibre's length. Under steady-state conditions,
an attenuation coefficient of a fibre can be determined and the attenuation of concatenated fibres added linearly.

3.3

spectral attenuation modelling

technique that predicts the attenuation coefficients across a spectrum of wavelengths from a
small number (three to five) of discrete values measured directly at different wavelengths

3.4

point discontinuity

temporary or permanent local deviation of the continuous optical time-domain reflectometer
(OTDR) signal in the upward or downward direction
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Note 1 to entry:

The nature of the deviation can vary with test conditions (e.g. pulse duration, wavelength,

and

direction of the OTDR signal). Although a point discontinuity can have a length greater than the corresponding
displayed pulse duration (including transmitter and receiver effects), the length is usually about equal to the pulse
duration. For a correct interpretation, the guidelines in IEC 60793-1-22 should be followed for measuring length.

4

Se

5

Me

Calibration requirements

e Annexes A, B, and C for methods A, B, and C, respectively.

Reference test method

disputes.

6

An

Apparatus

of fhe methods, respectively.

7

Sampling and specimens

7.1 Specimen length

Th

¢ specimen shall be a known length of fibre on asreel, or within a cable, as specified in

detail specification.

7.2l Specimen end face

thod A, cut-back, is the reference test method (RTM), which shall be the one used-{o_se

ttle

nexes A, B, C, and D include layout drawings and other equipment requirements for each

the

Prgpare a flat end face, orthogonal to the fibre axis, at the input and output ends of each
spgcimen.

8 | Procedure

See Annexes A, B, C and Dfor methods A, B, C and D, respectively.

9

Calculations

9.1 Methods A and B

Me

ap

;Fear in 3.1 and 3.2.

hodssA~and B, cut-back and insertion loss use Equations (1) and (2) respectively, which

9.2 Method C

Se

e Annex C.

9.3 Method D

See Annex D.

10

10.

Results

1 Information available with each measurement

Report the following information with each measurement:


https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1
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The¢ oIIowmg information shall be available upon request.

10.

For
Thi

11

The detail specification shall specify the following information:
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date and title of measurement;
identification of specimen;
optical source wavelength;
specimen length;

spectral attenuation, in dB, or attenuation coefficient, in dB/km, versus wavelength or at

specific wavelength(s), as required by the detail specification.

2 Information available upon request

measurement method used: A, B, C, or D;

type of optical source used: centroidal wavelength(s) and spectral width(s);
launching technique and conditions used;

indication if a dead-zone fibre was used (for method C only);

description of all key equipment;

pulse duration(s), scale range(s), and signal-averaging details}
details of computation technique (calculation method);
any deviations to the procedure that were made;

date of latest calibration of measurement equipment.

3 Method-specific additional information

s particularly applies when using method@ for measuring point discontinuities.
Specification information

type of fibre (or cable)tobe measured;

failure or acceptance criteria at the wavelength or wavelength range;

any deviations t60 the procedure that apply;
information tQ be reported.

for type B fibres — dimensions and number of turns of the mode filter or mode scrambler;

methods C and D, see the additional requitements in Clauses C.6 and D.6, respectivgly.
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Annex A
(normative)

Requirements specific to method A — Cut-back

A.1 General

The cut-back technique is the only method directly derived from the definition of fibre

att

the

fibde without change of input conditions. P,(4) is the power emerging from the end of the.filjre,

an
ex(

Thi

un

A.]

lains its wide acceptance as the reference test method for attenuation.

s measurement principle does not permit information to be obtained onfthe attenua

bemaviour over the length of the fibre, nor is it easy to measure the change of attenua

er changing conditions. In some situations, its destructive nature is a,disadvantage.

. Apparatus

A General apparatus for all fibres
1.1 General
b Figures A.1 and A.2 for diagrams of suitable test'set-ups.

Bias circuit

Cladding Fibre under test Cladding Detector
mode stripper mode stripper

pd
Launching ] — / g
system do N A\ N
'S
Amplifier v
\

Level measurement \U

Light
source

Figure A.1 — Arrangement of equipment for loss measurement at

/

P4() is the power emerging from a point near the input after cutting the fibre. This

ﬂion
ion

IEC

naoath
a-speeified-wavelength
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4

Halogen lamp

A.2
Fig
fur

A.2

Us
so\

prg
the

Cladding Fibre under test Cladding Detector
Chooping di mode stripper mode stripper /
opping disc
pping s / af /
Mono- M Launching - \ - — ( \/
chromator _7 system N Qo R =\
\\\ \\
} Reference signal . L.ock=in
"N/ amplifigr

|

Cantroller

:

< | Plotter

Wavelength control

Figure A.2 — Arrangement of equipment used to.obtain loss spectrum

1.2 General launch arrangement

her details as they apply to specific categories. of single-mode and multimode fibres.

1.3 Optical source

b a suitable radiation source, such-as a lamp, laser or light-emitting diode. The choicg

cedure. Specify the spectral line width (between the 50 % optical intensity power points

with any features of the (fibre spectral attenuation. Align the fibre to the launch cone,
connect it to a launch fibte.
R PR :
|
Mode scrambler |
|
1
I
|
! Mode filter
I Cladding mode
: ) stripper
| ]
T ! " Launch
" | - - —
S — —

IEC

ure A.3 shows the general launch arrangemen? used for all fibres. See A.2.2 to A.2.4|for

of

rce depends upon the type of \measurement. The source shall be stable in positipn,

intensity and wavelength over atime period sufficiently long to complete the measuremgnt

of

sources used) such that.the line width is narrow, for example less than 10 nm, compafed

or

IEC

Figure A.3 — General launch arrangement

A.2.1.4 Source wavelength

Measurements can be made at one or more wavelengths. Alternatively, a spectral response
can be obtained over a range of wavelengths.
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A.21.5 Optical detection assembly

Means shall be provided to couple all power emitted from the specimen to the active region of
the detector. For example, an optical lens system, a butt spliced to a fibre pigtail, or a
coupling directly to the detector may be used. If the detector is already pigtailed, the pigtail
fibre shall have sufficiently large core diameter and numerical aperture to capture all of the
light exiting the reference and specimen fibres.

Use an optical detector that is linear and stable over the range of intensities and
measurement times that are encountered in performing this measurement. A typical system

mi(h{» nf\l da o nhnh\ ann mr\nlt\ nhatadiaode nmnIFnA byt o currant 1ot o nlifinge \:ith
grre rHee—a P v oS C—pPTroTocTroC—arprmTea u_y o—Coutrtrertr— i pur—arhprerT—Y

syrichronous detection by a lock-in amplifier.

A.3.1.6 Signal processing

It is customary to modulate the light source in order to improve the signal/néise ratio at fthe
receiver. If such a procedure is adopted, link the detector to a signal processing system
syrichronous with the source modulation frequency. The detecting system should |be
sulpstantially linear or have been fully characterized with a response function.

A.2.1.7 Cladding mode stripper

Usg suitable techniques to remove optical power propagatinglin the cladding where this woluld
sighificantly influence the received signal.

A.2.2 Launch apparatus for all single-mode fibres
A.3.2.1 General

An|optical lens system or fibre pigtail may_ be employed to excite the test fibre. The poyer
coupled into the fibre shall be stable for the duration of the measurement. See Figure A.1.

A.3.2.2 Fibre pigtail

If dsing a pigtail, it may be neegssary to use index-matching material between the soufce
pigtail and test fibre to eliminate-interference effects.

A.3.2.3 Optical lens-system

If using an optical lens'system, provide a means of stably supporting the input end of the fipre,
sugh as a vacuum_chuck. Mount this support on a positioning device so that the fibre end ¢an
be |repeatedly positioned in the input beam. A method of making the positioning of the fipre
lesp sensitiveds to overfill the fibre end spatially and angularly.

A.3.2.4 High-order mode filter

US-\ S mathod o can hich ordaor sranmanatinas Ao 1 tha oo lanath ranan ~Ff 1ot g St
c—a—ethoa—to—+emove g oot T propagatg— ot T o o recvwaveTrermgo T rarntgC—oT— i tcTo .

An example of such a high-order mode filter is a single loop of radius sufficiently small to shift
the cut-off wavelength below the minimum wavelength of interest. For bending loss insensitive
single-mode fibres, multiple loops with smaller radius or longer cut-back specimen length can
be applied. Care should be taken that the radius is not too small as to induce
wavelength-dependent oscillations. Increase of the cut-back specimen length should be
accounted for in the attenuation computation.

A.2.2.5 Cladding mode stripper

The cladding mode stripper ensures that no radiation modes, propagating in the cladding
region, will be detectable after a short distance along the fibre. The cladding mode stripper
often consists of a material having a refractive index equal to or greater than that of the fibre
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cladding. This may be an index-matching fluid applied directly to the uncoated fibre near its
ends; under some circumstances the fibre coating itself will perform this function.

A.2.3 Launch apparatus for A1 multimode fibres
A.2.3.1 General

The launching conditions are of paramount importance in meeting the objectives stated in
Clause 1. Launching conditions are established to avoid launching power into higher-order,
transient modes. By not launching power into these transient modes of the test fibre,
attenuations which add in an nr\lnrnyimn’rnly linear fashion will be measured. Because these
power distributions are essentially unaltered by the fibre, they are called "steady-stpte
distributions".

ThIre are two commonly used techniques to produce steady-state launch conditions |for
attgnuation measurements: mode filters and a geometrical optics launch. Proper care in fhe
use of each technique gives comparable results.

Cafe should be taken that mode distribution is related with specimen length. For short|A1
multimode fibre cables (less than 1 km), the mode distribution may ‘not reach a steady state.
This will induce an increase in attenuation values towards shorter fibre lengths, where the
mz{nitude of the length dependence depends on fibre type, launch condition, etc. In th¢se

cages, attenuation values should be obtained from cables long enough to reachl a
stepdy-state condition, or they can be taken from the originaldonger donor cable. As guidance
for| sufficient cable lengths, see examples of cable test results on A1 multimode fibreg in
Anpex E.

See Figure A.3 for a generic example of thelaunching arrangement using a mode filjer.
Examples of each mode filter appear below.

A.3.3.2 Examples of mode filters
A.2.3.21 Dummy-fibre mode filter

Se")ect a fibre of a similar type™to that of the test fibre. The fibre should be long enough
(typically equal to or greatercthan 1 km) so that the power distribution carried by the filre,
when the launch source of"Ax2.1.2 is used, is a steady-state distribution.

A.3.3.2.2 Mandrél-wrapped mode filter

Anpther mode filter’takes the form of a mandrel around which a few turns (typically threq to
fivg turns) of the fibre under test are wound with low tension. Select the mandrel diameter to
engure that-thie transient modes excited in the test fibre have been attenuated to steady-stdte.
b a farsfield measurement to compare the power distribution exiting a long length of
e (dreater than 1 km) that has been excited with a uniformly overfilling source, with the
power distribution exiting a short length of the fibre with the mandrel applied. Select the
ma ; . BTN ) he
long length far-field power distribution.

The numerical aperture (as measured by IEC 60793-1-43) of the radiation pattern exiting the
short length shall be 94 % to 100 % of the numerical aperture of the long-length pattern.

The diameter of the mandrel may differ from fibre to fibre depending on fibre and coating type.
Common prescriptions consist of diameters in the range of 15 mm to 40 mm, with five turns of
fibre within a 20 mm length of the mandrel. While mandrels of different size and arrangement
can be selected, Table A.1 illustrates common mandrel sizes for fibres of different core
diameters.
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A.2
A
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the

An

Table A.1 — Size examples

Core diameter Mandrel diameter
pgm mm
50 25
62,5 20
100 25

. . L

imited phase space (LPS) launch is defined as a geometrically produced launch that
ormly fills 70 % of the test fibre's core diameter and 70 % of the test fibre's\numerical

uni
aplrture. This is the maximum geometrically launched power distribution that does not lau

ver into leaky, unbounded modes. For a 50/125 ym, 0,2 NA graded-index multimode fik
LPS launch condition consists of a uniform 35 pm spot and 0,14 NA.

example of the optics necessary to produce the LPS launch is given in Figure A.4. |
ortant to ensure that the axis of the launch beam is coincident with-the axis of the fibre

imy
th

the spot and incident cone of light are centred on the core pf the fibre. Also, set up

opfical system at the wavelengths of operation to ensure (proper measurement. W
majndrels of different size and arrangement can be selected, common mandrel sizes for fib|

of

ifferent core diameters, are shown in Table A.1.
Spot defining NA defining
aperture aperture

Intermediate lens

N ’fﬂ .‘"‘_ w".\\
- [ \\\ // | I 1 N
- ';l ,/"’\ S l J‘ : | ‘ -
~~\_---~ T SN L Y A Launch
] | \
|
[
|
[
[

Infra-red

viewer
IEC

Figure A.4 — Limited phase space launch optics

.3.4 Mode scrambler

ch
re,

o)
the
hile
res

essentially uniform power distribution is launched prior to the mode filter. For a sou

ste

p-graded-step index profile sequence).

A "mode scrambler" is a device which is positioned between the light source and test fibre to
control launching conditions. A particular mode scrambler design is not specified. It should be
emphasized that the performance of these scramblers depends upon the launch optics and
fibre sizes (core and NA) used in the actual construction.

EXAMPLE The two designs given in Figure A.5 are for illustration purposes only.
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Laser diode | “~_ Step Graded Step .-~ "| Launch optics | ~~_
and R E—— or > e—
launch optics | .- 1m l\ 1m / 1m “~._|aligned buttjoint| . <" Finer under test
Fusion splices IEC
a)
Laser diode .-~ | Launch optics "~ -
and : or > B
launch optics "~ _|aligned buttjoint] -~" Eiber under test
IEC
b)

Figure A.5 — Two examples of optical fibre scramblers

A.3.4 Launch apparatus for A2 to A4 multimode fibres
Some examples of generic launching arrangements for short-distancé’fibres are described in
Figures A.6, A.7 and A.8.
The reproducibility of the attenuation measurements of multimode fibres is critical. Therefqgre,
a Well-defined launching set-up description is necessary. Sdech a set-up can be achieved|by
usihg commercially available optical components and shall be capable of providing for spot
sizes and launch NAs as given in Table A.2.
Table A.2 — Launch conditions for A2 to A4 fibres
Fibre category
Atfribute A2.2 fibre? A3 fibre A4 fibre
Glass core/glass cladding Glass core/plastic cladding Plastic core/plastic cladding
SHot size = fibre core size = fibre core size = fibre core size with full
mode launch (or use mod¢
scrambler with equilibrium
mode launch)

Nymerical aperture = fibre nrax."NAP = fibre max. NA® = fibre max. NA, with full

(NR) mode launch®

a8 | Category A2.1 fibre reguires further study.

b | This launch condition’ can be produced by overfilling a mode filter made from 2 m of fibre identical to the
fibre under test, with appropriate cladding mode stripping and using the output from this mode filter to launfch
into the fibretunder test.

¢ | This launchscondition can be produced in the same manner as described in Footnote b. However, sompe

types of\A3 and A4 fibre will not require cladding mode stripping for the mode filter.

(@

Fibre under test

Lens
IEC

Figure A.6 — Lens system
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A.3.5 Calibration requirements

A.3.51 General calibration requirements

A.3.5.2 Requirements for A4 fibres

Fo
usi

ovgr the wavelength spectrum of seme polymeric materials, additional optical characteriza

—A— '9) @
—r—

Splice Fibre under test

Launch fibre

Cladding mode stripper

(if necessary) IEC

Figure A.7 — Launch fibre

Fibre under test

Mode scrambler
IEC

Figure A.8 — Mode scrambler (for A4 fibre)

ibrate the optical source's centroidal wavelength to within £10 nm.

hg an LED as optical source. Owing to characteristic strong sharp variations in attenuafion

A4 fibres it is common to perform™ attenuation measurements at specific wavelengj\hs
i
ion

mefsurements should be performed in order to take into account effects that could affect the
megsurement when calibrating” wide-spectrum sources used for attenuation measuremgnt,
especially when the centrfoidal wavelength is significantly far from the intended wavelength
me@surement. A full characterization will ensure repeatability of the measurements and avpid

the] negative influencévof the following effects:

Distortion on,the attenuation measurement

An optical.source with wide spectrum, for example, an LED, will cause measuremgnt
errors _(on” the measurements, since parts of the optical spectrum lie in low-lpss
wavelengths and other parts lie in higher-loss wavelengths. This is illustrated in Figure A.9
with~the Gaussian line "b" showing the spectral response for an LED source used| to
measure A4 fibres and with the expected spectral attenuation indicated by the line "a".[To
take proper consideration of the potentially high attenuation variations, the source shall be
calibrated both in its centroidal wavelength and spectral width and it should be checked
that these two characteristics match the expected wavelength attenuation of the fibre
under test.

Spectral filter effect

Light with a wide spectrum undergoes relatively little attenuation at some wavelengths
while other spectral parts suffer higher losses when propagating through A4a fibres. With
longer measured fibre lengths, the detected LED spectral maximum shifts towards the
fibre attenuation-minimum wavelength. This can be seen in Figure A.9, where the original
spectral source is illustrated with the line "b" (characterised through a 0 m fibre length)
and the same spectra detected after passing different lengths of an A4 fibre. As the
measurement-fibre length increases, a shift on the maximum of the detected Gaussian


https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1

- 18 — IEC 60793-1-40:2019 © |IEC 2019

signal occurs towards the wavelength of minimum attenuation of the fibre (lines "c" to "f" in

Figure A.9).
A A

(dB/km)

500
450

Rel power

400
350
300

250
200
150
100

50

0 — =

620 630 640 650 660 670 680 690

Wavelength (nm)
IEC

Figure A.9 — A wide-spectrum source (line "b") could.lead to attenuation measureme

Procedure

.1 Set the fibre under test in the measutement apparatus. Record the output power, P,

Calculations

mejasured using (Equation (1) in 3.1, or calculate the attenuation coefficient by u
Equation (2) in.3:2, or both, as required.

A.4.2 Using the attenuation measurement results at discrete wavelengths, a spec
att¢nuation curve can be calculated with relationships such as those described in Annex D.

.1 Calculate theyattenuation between the points where P,(4) and P,(1) have bjen

nt
")

2.

for
hck

ing

ral
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Annex B
(normative)

Requirements specific to method B — Insertion loss

B.1 General

The insertion loss technique is, in principle, similar to the cut-back technique, but P4(A) is the
power pmprging from the output of the Immr‘hing system

The insertion loss technique is less accurate than that of the cut-back one, butshas the
adyantage of being non-destructive for the fibre under test and for the terminators possibly
fixgd at both ends. Therefore, it is suitable for field use, and mainly intended. for use With
connectorized cable lengths.

This method does not allow for analysis of the attenuation over the length”of fibre. But giyen
the| previous known power, P,(4), it is possible with this technique tormeasure the continufing
change in attenuation over changing environmental conditions suchyas temperature and forge.

B.2 Apparatus

B.2.1 General set-ups

Figures B.1 (calibration) and B.2 (measurement)-show diagrams of suitable measuremgent
settups.

B.3.2 Apparatus common to method A((cut-back)

Se¢ the provisions of A.2.1. See also all of the appropriate information on launchfing
conditions in A.2.2 (for single-mode fibre), A.2.3 (for A1 multimode fibre), and A.2.4 (for AZ to
Ad|multimode fibre).

B.3.3 Additional apparatus specific to method B (insertion-loss)

The insertion-loss techniqué requires the use of a very precise fibre-to-fibre coupling devicg in
order to minimize the«coupling losses and to ensure reliable results. This coupling device ¢an
be|a mechanical adjustment that is visually inspected, or a connector with a core-to-cpre
pogitioning.

B.2.4 Calibration requirements

Seg¢ A.2.5:

B.3 Procedure

B.3.1 The reference fibre shall be of the same type as that under test. Any connectors and
their associated losses are included in the definition of the reference fibre.

B.3.2 Initially calibrate the measurement equipment in order to obtain an input reference
level, P4(1). Use the same fibre type as a reference fibre at the initial calibration. The length
of the reference fibre should be small (for example, 2 m) so that its attenuation can be
neglected. (If the attenuation of the reference fibre cannot be neglected, add the value to the
calculated value.)

B.3.3 Connect the fibre under test to the measurement apparatus and adjust the coupling to
give a maximum level on the optical detector. Record the output power, P,(A).
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B.4 Calculations

Calculate the attenuation by using Equation (1) in 3.1, or calculate the attenuation coefficient
by using Equation (2) in 3.2, or both, as required.

Bias circuit

!etenlrﬁl‘ /
Light N7 T L hi 1 2 —» [t /
ig aunching It ot
source —¢Y— —» system — \ N
Amplifié? v
P,
Levelmeasurement
IEC
Figure B.1 — Calibration of insertion loss measurement set
Bias circuit
Fibre under test Detector/
Light — Launching l @ 2 —> /
source e systém — D=,
Amplifier V
P,
Level measurement
IEC

Flgure B-2— Measurement of Insertion 105s


https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1

IEC 60793-1-40:2019 © |IEC 2019 -21-

Annex C
(normative)

Requirements specific to method C — Backscattering

C.1 General

The backscattering method, which is a discrete-wavelength, single-sided measurement,

use

d to measure the fibre's attenuation by taking the backscatter measurements from b
ends of the fibre under test and averaging the two backscatter traces.

Thils technique allows analysis of the entire fibre, particularly of longitudinal subsectiong
the| fibre, or even identification of discrete points such as splices. It,also permits calculation
thel fibre length.

Me

thods to describe the uniformity of attenuation from~-the bi-directionally averag

bagkscattered traces are considered in IEC TR 62316.

C.2 Apparatus

C.2.1 General

This method uses an optical time-domain reflectometer (OTDR), which shall normally con
of fhe following minimum list of components. See Figure C.1 for a block diagram.

g ———— . ————
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Figure C.1 — Block diagram of an OTDR
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C.2.2 Optical transmitter

C.2.2.1 This usually includes one or more pulsed laser diode sources capable of one or
more pulse durations and pulse repetition rates. Unless otherwise specified in the detail
specification, the spectrum for each wavelength shall satisfy the following.

C.2.2.2 The centroidal wavelength shall lie within 15 nm of the specified value; report the
difference between the centroidal wavelength and the specified value if it is greater than
10 nm.

CWMMMM at
half maximum (FWHM) shall not exceed 25 nm.

C.2.2.4 If the data are to be used in a spectral attenuation model:

— |the spectral width shall not exceed 15 nm (FWHM) or 6 nm (RMSW) for wavelengths in the
water peak absorption region (e.g., 1 360 nm to 1 430 nm);

— [report the actual centroidal wavelength to within 2 nm of the actual value.
C.2.3 Launch conditions

Prqvide a means for connecting the test fibre (or the optional dead=zone fibre of C.2.10) to the
insfrument panel, or to a fibre pigtail from the source.

For type A fibre, optical sources may not produce launch-¢conditions that are well controlled or
appropriate to this measurement method. Therefore,dunless otherwise specified in the detail
sp{cification, launch conditions for attenuation measurements shall be those used in cut-back
att¢nuation measurements (method A).

C.2.4 Optical splitter

A dqoupler/splitter within the instrument_directs the power from the transmitter into the fibrqg. It
alsp directs light returning in the fibre from the opposite direction to the receiver.

C.2.5 Optical receiver

This usually includes a photodiode detector having a bandwidth, sensitivity, linearity, and
dynamic range compatible with the pulse durations used and signal levels received.

C.2.6 Pulse duration and repetition rate

Th¢ OTDR mjay be provided a choice of several pulse durations and repetition rafes
(sometimes—~coupled to the distance control) to optimize the trade-off between resolution and
range. With-a high amplitude reflection, it may be necessary to set the rate or range to a vajue
exgeeding twice the distance of the reflection in order to prevent spurious "ghost" images.
Pulsé<«oding techniques may also be used.

Care should be taken when selecting the pulse duration, repetition rate, and source power.
For shorter distance measurements, short pulse durations are necessary in order to provide
adequate resolution. This in turn will limit dynamic range and maximum measurable length.
For long length measurements, the dynamic range can be increased by increasing the peak
optical power up to a level below which non-linear effects are insignificant. Alternatively, pulse
width can be increased, which will reduce the resolution of the measurements.

C.2.7 Signal processor

If required, the signal-to-noise level may be increased by the use of signal averaging over a
longer measurement time.
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Cc.2.8 Display

This is incorporated into the OTDR and is part of the equipment controlling the OTDR. The
OTDR signal is displayed in a graphical form with the vertical scale as decibels and the
horizontal scale as distance. The vertical decibel scale shall correspond to half the round-trip
of the backscatter loss. The horizontal scale shall correspond to half the associated optical
group delay, converted to distance. Tools such as cursors may be used to manually or
automatically measure all or part of the OTDR trace on the display.

Cc.2.9 Data interface (optional)

The instrument may be capable of interfacing with a computer for automatic analysis .of the
sighal or for providing a hard copy of the display trace.

C.2.10 Reflection controller (optional)

Mejans of minimizing transient saturation of the receiver due to high Fresnel reflections may
be |[required to reduce the length of fibre "dead zone" following each reflector. This can|be
incprporated into the coupler/splitter, or may be done by electronic masKing. To overcome the
initjal reflection at the OTDR connector, a dead-zone fibre (with a length in metres numerically
exgeeding one-tenth the displayed pulse duration in nanoseconds) 'may be used between fhe
OTPR connector and the specimen.

C.2.11 Splices and connectors

Unl|ess otherwise indicated in this procedure, any splices-or connectors required by the OTDR
(e.g., to join the OTDR or the dead-zone fibre to thetest fibre) shall have low insertion Ipss
and reflectance (high return loss). This is to minimize extraneous effects upon the OTPR
trace of interest.

C.3 Sampling and specimens

This is a fibre on a reel or within a eable, under conditions specified in the detail specificatipn.
The measurement may be performed in the factory or in the field, upon either single| or
concatenated sections.

Cafe should be taken to.ensure that winding does not introduce artificial attenuation for pgint
dispontinuity or attenuation measurements. Alternatively, any induced loss confined to the
ends of the fibre length (as with the first layer on a reel) can be excluded in a calculation of
the| attenuation coefficient.

C. Procedure

C.4.1 General

C.4.11 General measurement steps

C.4.1.1.1 The use of an OTDR for indirect measurement of attenuation or fibre attenuation
coefficient of an optical fibre or fibre cable is described below.

For type A1 and A2 optical fibres, more accurate values may be obtained by using spectral
attenuation cut-back measurements. If the values obtained by these two techniques differ
from each other, the values from the cut-back technique will be accepted as correct, unless
otherwise specified in the detail specification.

For type B1 and B2 optical fibres, by performing these measurements at multiple wavelengths,
a spectral attenuation curve can be generated using relationships such as those described in
method D (see Annex D).
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C.4.1.1.2 Connect the specimen either to the instrument or to one end of the dead-zone fibre
(if used). Connect the other end of the dead-zone fibre (if used) to the instrument.

C.4.1.1.3 If the attenuation coefficient and accurate distances are to be recorded, the
effective group index of the specimen is required. If this value is not known, use the
procedure for the OTDR measurement of fibre or cable length (method B of IEC 60793-1-22)
to determine it.

C.4.1.1.4 Enter OTDR parameters such as source wavelength, pulse duration, length range,
and signal averaging into the instrument, along with the specimen's effective group index (if
required by C.4.1.1.3). The values of some of these parameters may be preset in fthe

insfrument.

C.4.1.1.5 Adjust the instrument to display a backscatter signal from the specimenZit may|be
adyantageous to begin with coarse vertical and horizontal scaling to maximize the length
displayed. Figures C.2 and C.3 give examples for use with measuring-attenuation @nd
Figures C.4 and C.5 are example schematics for use with measuring point discontinuities.
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Figure C.2 — Schematic OTDR trace for a "uniform" specimen preceded
by a dead-zone fibre
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Figure C.3 — Schematic OTDR trace for a "uniform" specimen not preceded
by a dead-zone fibre
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C.4.2 Further steps for measuring attenuation
Cc.4.21 Step 1

C.4.2.1.1 If increased resolution is needed, adjust the graphical display, if possible, to
expand the section of interest to a larger scale (exercising care to ensure that proper readings
of the true signal can still be distinguished from the noise points).

C.4.2.1.2 (Optional, along with C.5.3) If using a dead-zone fibre, refer to Figure C.2. Place
a cursor at the beginning of the trace for the speC|men prlor to any power drop off (WhICh ‘may

dispontinuity, apply a tight bend at this location and vary the radius to assist in\curgor
placement.) Obtain the distance coordinate, z(, via the alphanumeric display. If a-déad-zgne
fibde is not used, no cursor placement is required; take z5 = 0.

C.4.2.1.3 Place a cursor on the beginning of the linear portion (after the_ near end) of the
trage for the specimen. If using the dead-zone fibre (Figure C.2), place thevcursor beyond the
recovery from the small reflection at the end of the dead-zone fibre. If not using fthe
deqd-zone fibre (Figure C.3), place the cursor beyond the dead-zone)of the OTDR connecijor.
Obtain the distance and power coordinates, [z4, P{(4)], via the alphanumeric display.

C.4.2.1.4 Place the same or another cursor at the end of the trace for the specimen gt a
point by using the methodology described in C.4.2.1.2 forthe beginning of the trace. If the
end of the trace is not apparent due to minimal discontinuity, apply a tight bend at this
locption and vary the radius to assist in cursor placéement. Alternatively, cleave the fibre|far
end, if possible, to produce a reflection there. Obtain.the coordinates, [z,, Py(4)].

C.4.2.1.5 Repeat the relevant tests of Clausé’C.4 at each wavelength required.

C.4.2.2 Step 2

Repeat the measurement for a signalNlaunched into the specimen in the opposite direction.|To
obfain accurate attenuation valugs; bi-directional traces at the same wavelength are averaged,
so ps to eliminate the effects ofi length varying backscatter properties.

C.4.3 Further steps formeasuring point discontinuities

C.4.3.1 Examine the"OTDR signal along the specimen for point discontinuities as defineq in
3.4] If increased reselution is needed, adjust the graphical display, if possible, to expand the
segtion of interest.t0 a larger scale (exercising care to ensure that proper readings of the tfue
sighal can stilh be distinguished from the noise points). See Figure C.5 for an example.

C.4.3.2-"To determine that a point discontinuity (rather than an attenuation non-uniformity
sityation) exists, observe the area in question, usmg two different pulse duratlons If the

If the shape does not change, consider the anomaly to be an attenuation non-uniformity to be
measured according to the test procedure for measurement of fibre or cable attenuation.
Alternatively, if the OTDR pulse shape and duration are known, the resultant shape of the
backscatter curve at point discontinuities may be used to determine their existence.

C.4.3.3 Determine the discontinuity location, if required, by placing a cursor at the beginning
of a power rise or drop (or at another point specified by the OTDR manufacturer). This may be
difficult to do for a power drop. Obtain the coordinate via the alphanumeric display.

C.4.3.4 Obtain the apparent loss or gain of the discontinuity, if required, by the method
described by the OTDR manufacturer. Some instruments require placement of a pair of
cursors on each side of the discontinuity. Extrapolate the two best-fit straight lines (from a
two-point or least-squares fit for each) to the location of the discontinuity. If available, the
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linear fit method should be chosen. The vertical separation of the lines gives the apparent
loss or gain.

Note any reflection peak. The height of a given peak will decrease with increasing pulse width
and increase with decreasing pulse width.

C.4.3.5 Repeat the test for a signal launched into the specimen in the opposite direction.
Make a loss calculation (and the elimination of apparent gain) by averaging readings taken
bi-directionally at the same wavelength. This eliminates the effects of any backscatter
differences for the fibre sections on both sides of the discontinuity. Bi-directional
meEsurements may not be possible in all cases, thus necessitating unidirectional
me@surement.

C.4.3.6 Report any point discontinuity deviations that exceed the values specified in the
detlail specification. Describe the nature of these discontinuities (e.g. apparent_loss or gain,
reflection, duration, etc.), as required by the detail specification.

C.4.3.7 |If required by the detail specification, repeat the test at another wavelength.
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Figure C.4 — Schematic OTDR trace showing apparent loss due to point discontinuiti¢s,
one reflective and one non-reflective
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Figure C.5 — Schematic of an expanded OTDR trace showing two point discontinuities,
one with apparent gain, and another with no apparent loss or gain
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C.4.4 Calibration

Follow the provisions of IEC 61746-1 for the single-mode OTDR calibration method, or of
IEC 61746-2 for the multimode OTDR calibration method.

C.5 Calculations

C.5.1

the

dead zone is given by [P{(4) = P5(4)] in dB.

The unidirectional backscatter attenuation of the fibre or cable section beginning after

C.§
giv

C.5

fibe or cable section is given by [P1(4) = P5(A)] + a (z4 — zg) in dB (where « is given in C.5

or

C.5

NO
givd
squ
of if

C.5

.2 The unidirectional backscatter attenuation coefficient of the fibre or cable section
En by a= [P—I(l) _Pz(l)]/(Zz _Z1) in dB/km

pquivalently by [P4(4) = Pa(A)](zg ~ zp)/(z3 — z4), in dB.

[E Some OTDRs can also utilize a least-squares fit to a line, but this canygive results that differ from th
n by the two-point subtractions. The type of calculation is indicated in the detail specification. While the leg|
bre average (LSA) method can be the more repeatable method due to,noise effects, it can err in the pressg
homogeneities.

.5 Repeat the calculations for the measureménts made in the opposite directi

.4 Some OTDRs can automatically perform the two-point subtragtions in C.5.1 to C.5.2.

.3 (Optional, along with C.4.2.1.2) The unidirectional backscatter attenuation of the total

2),

ose
Ast-
nce

pon.

Compute the average of the two calculations madefin)C.5.2 to arrive at the fibre's attenuatfion
cogfficient at that wavelength.

C.5.6 Repeat the calculations of C.5.1 through C.5.5 at each wavelength so as to determfine
the| attenuation coefficient at each wavelength.

C.6 Results

C.6.1 In addition to the requirements of 10.1, report the following when measuring point

deflects:

C.6
avg

specimen end where.the OTDR was located,;
features of the-point discontinuities as required by the detail specification.

.2 In addition to the requirements in 10.2, the following information shall also
ilable op~request:

conditions;

be

fibre or cable specimen, including its type, effective group index, length, and deploymgent

OTDR instrument (including brand, model and manuals);

pulse duration(s), scale range(s), and signal averaging details;

centroidal wavelength(s) and spectral width(s) as periodically verified in accordance with

C.2.2;
indication of whether dead-zone fibre is used;
method of calculation.

indication of the bi-directional or unidirectional measurement method.

Figures C.4 and C.5 show examples of OTDR traces for several types of point discontinuities:
a reflective discontinuity and a non-reflective one, both exhibiting apparent loss (Figure C.4);
a discontinuity exhibiting an apparent "gain", and one with no apparent loss or gain
(Figure C.5).
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Annex D
(normative)

Requirements specific to method D — Spectral attenuation modelling

D.1 General

Method D can be demonstrated on class B single-mode fibres.

The attenuation coefficient of a fibre across a spectrum of wavelengths may be calculated| by
mejans of a characterizing matrix, M, and a vector, v. The vector v contains the megasufed
attenuation coefficients of a small number (three to five) of wavelengths (e.g~1°310 nm,

1

30 nm, 1 360 nm, 1 380 nm, and/or 1 550 nm).

In pne approach, the fibre or cable supplier shall provide a matrix characteristi¢c of its product,

an

A
suq

—

wh

the modelled spectral attenuation is a vector, w, calculated from the product of M and :

w=Mxy (0.1

brnatively, if using a generic matrix, the supplier shall provide a correction factor vegtor
h that the prediction equation becomes

W=w+e (0.2)

bre
is the modified vector;

comes from Equation (D.1);
is the correction factor vector.

deneric matrix is a characterizing matrix which can be applied to a variety of fibres, designs

by
Su

Si

wh

suppliers (presumably within a single fibre type), and which is determined and/or invoked
a standards body, single<customer/end-user, or other industry source to which individual
pliers can compare theirproducts, the difference being resolved by the vector, e.

Apparatus

ce this techhique involves a calculation using predetermined values, no specific apparaltus
quired( Blease refer to the specific technique used to generate the measured values upon
ch the-ealculations are made.

See Clause D.2.

D.4 Procedure

See Clause D.2.
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D.5 Calculations

The attenuation coefficient of a fibre across a spectrum of wavelengths may be calculated by
means of Equation (D.1). The vector, v, contains the measured attenuation coefficients of a
small number (three to five) of predictor wavelengths (e.g., 1 310 nm, 1 330 nm, 1 360 nm,
1 380 nm, and/or 1 550 nm). Multiplying the matrix, M, times the vector, v, yields another
vector, w, which contains the predicted attenuation coefficients at many wavelengths (such as
at 10 nm wavelength intervals from 1 240 nm to 1 600 nm). The resultant vector, w, contains
the predicted attenuation coefficients at many wavelengths (such as at 10 nm wavelength
intervals from 1 240 nm to 1 600 nm).

Thla matrix, M, is given by

where
m |is the number of wavelengths for which the attenuation coefficients have to be estimated;
n |is the number of predictor wavelengths.

The¢ standard deviation of the difference betweensthe actual and predicted attenuafion
cogfficients at each wavelength shall be less than¢aymaximum attenuation value (in dB/Kkm)
within a stated wavelength range. A different valué/of maximum attenuation may be necesspry
if gn additional wavelength range is specified. The value(s) of maximum attenuation and the
wayelength range(s) should be agreed upon between the user and the manufacturer.

If the estimate is obtained by using the supplier's specific matrix, M, then no correction vecior,
e, ib necessary.

Since the elements of both M ande are achieved on a statistical basis, the w vector elements
shgll be statistically determined. To indicate the accuracy of the predicted attenuafion
cogfficients, the fibre suppliers shall give a vector containing the standard deviation of the
differences between the -actual and predicted attenuation coefficients, together with M and/or
e (3ee Clause D.6).

In prder to facilitate the use of this matrix, the fibre should be routinely measured at the
pregdictor wayelengths. The predictor wavelengths should number from three to five, with a
strong preference given to the lower number if sufficient accuracy can be achieved. The
spégcific wavelengths (e.g., 1 310 nm, 1 330 nm, 1 360 nm, 1 380 nm, and/or 1 550 nm) are|an
item fof further study.

This model considers only uncabled fibre attenuation. An additional vector should be added to
w in order to account for cabling and environmental effects.

D.6 Results

D.6.1 In addition to the information required by 10.1, report the predicted attenuation and
corresponding wavelength.

D.6.2 In addition to the information required by 10.2, the following shall be available upon
request:

— the method used to obtain the measured attenuation values;


https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1

-30- IEC 60793-1-40:2019 © IEC 2019
the matrix used to predict the spectral attenuation, or the correction vector if a standard
matrix was used;

the vector containing the standard deviation of the differences between the actual and
predicted attenuation coefficients obtained during the development of the matrix.



https://iecnorm.com/api/?name=29bf208055213f0c4178b5d7d4f897e1

IEC 60793-1-40:2019 © |IEC 2019 -31-

Annex E
(informative)

Examples of short cable test results on A1 multimode fibres

Figures E.1, E.2, and E.3 represent examples of length-dependent attenuation coefficient
measurement results on A1a.1, A1a.3 and A1b multimode fibres at 850 nm and at 1 300 nm,
respectively. Each value is an average of measurements repeated 3 times.

Tegtmethodmethod A, CUL-DacCKk,
Launch condition: geometrical optics launch (70/70)

Sample configuration: in fibre spool, 30 g winding tension
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Figure E.1 — Example of attenuation coefficient tests on A1a.1 fibre
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Figure E.2 — Example of attenuation coefficient tests on A1a.3 fibre
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Figure E.3 — Example of attenuation coefficient tests on A1b fibre
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Partie 1-40: Méthodes de mesurage de I'affaiblissement

1)

2)

3)

4)

5)

6)
7) A

8)

9)

La

AVANT-FRUFUOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de nofmalisg
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).-L'[EC a {
bbjet de favoriser la coopération internationale pour toutes les questions de normalisation dans fes doma
He |'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes, internation
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et
(Guides (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 Internationale de Normalisation (ISO), selon

conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I''EC concernant les questions techniques représentent, dans la me
Hu possible, un accord international sur les sujets étudiés, étant donné 'que les Comités nationaux de I
ntéressés sont représentés dans chaque comité d'études.

| es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agrég
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que |
5'assure de I'exactitude du contenu technique de ses publications;A'IEC ne peut pas étre tenue responsablé
'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Pans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tout
mesure possible, a appliquer de fagon transparente les_Rublications de I'lEC dans leurs publications nation

Fégionales correspondantes doivent étre indiquées.en‘termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation.'de conformité. Des organismes de certification indépend
ournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifical
ndépendants.

Tous les utilisateurs doivent s'assurer gu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit étrerimputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai
y compris ses experts particuliers’et les membres de ses comités d'études et des Comités nationaux de I'l
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quel
hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et
Hépenses découlant de\la publication ou de ['utilisation de cette Publication de I''EC ou de toute a
Publication de I'lEC,©u au crédit qui lui est accordé.

| 'attention est attitéé sur les références normatives citées dans cette publication. L'utilisation de publicat
référencées est Obligatoire pour une application correcte de la présente publication.

| 'attention._estattirée sur le fait que certains des éléments de la présente publication de I'lEC peuvent f
'objet de'droits de brevet. L'lEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels d
He brevets et de ne pas avoir signalé leur existence.

Norme internationale |IEC 60793-1-40 a été établie par le sous-comité 86A: Fibres
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Cette deuxiéme édition annule et remplace la premiére édition parue en 2001 dont elle
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I'édition précédente:

a)
b)

Amélioration de la description des détails de mesurage pour les fibres B6;
Amélioration des exigences d'étalonnage pour les fibres A4;

c) Ajout de I'Annexe E qui décrit des exemples de résultats d'essai sur des cables courts

pour des fibres multimodales A1.
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Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
86A/1909/FDIS 86A/1927/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Ung liste de toutes les parties de la série IEC 60793, publiées sous le titre général Fibyes
opliques, peut étre consultée sur le site web de I'lEC.

Le |comité a décidé que le contenu de cette publication ne sera pas modifié avant la date|de
stapilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les donng¢es
relatives a la publication recherchée. A cette date, la publication sera
e |reconduite,

e [supprimée,

e |remplacée par une édition révisée, ou

e |amendée.

IMPORTANT - Le logo "colour inside” qui se:trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles
ung bonne compréhension de son contenu. Les utilisateurs devraient, par conséquer
imprimer cette publication en utilisant wne imprimante couleur.
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FIBRES OPTIQUES -

Partie 1-40: Méthodes de mesurage de I'affaiblissement

1 Domaine d'application

rer
les

dams les relations commerciales.

Quptre méthodes sont décrites pour mesurer |'affaiblissement, parmi lesquelles une méthgde
pour modéliser I'affaiblissement spectral:

— |méthode A: fibre coupée;

— |méthode B: pertes d'insertion;

— |méthode C: rétrodiffusion;

— |méthode D: modélisation de I'affaiblissement spectral.
Les méthodes A a C s'appliquent au mesurage de l'affaiblissément pour toutes les catégoifies
de ffibres suivantes:

— |fibres multimodales de classe A;
— |fibres unimodales de classe B.

La méthode C, rétrodiffusion, s'applique aussiya la localisation, aux pertes et a la caractérisafion
deg discontinuités ponctuelles.

La|méthode D s'applique uniquementaux fibres de classe B.

Leg informations communes a‘¢ées quatre méthodes sont présentées dans les Articles 1 a i1,
et |les informations propres.-a chaque méthode individuelle, sont présentées dans |es
Annexes A, B, C et D, respectivement.

2 | Références normatives

deg exigences du présent document. Pour les références datées, seule I'édition citée
s'appligue.”Pour les références non datées, la derniére édition du document de référefce
s'appligue (y compris les éventuels amendements).

Les documenfs-'suivants cités dans le texte constituent, pour tout ou partie de leur conte’[ru,

IEC 60793-1-1, Optical fibres — Part 1-1. Measurement methods and test procedures —
General and guidance (disponible en anglais seulement)

IEC 60793-1-22, Fibres optiques — Partie 1-22: Méthodes de mesure et procédures d'essai —
Mesure de la longueur

IEC 60793-1-43, Optical fibres — Part 1-43: Measurement methods and test procedures —
Numerical aperture measurement (disponible en anglais seulement)

IEC 61746-1, Etalonnage des réflectomeéetres optiques dans le domaine temporel (OTDR) —
Partie 1: OTDR pour fibres unimodales
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IEC 61746-2, Etalonnage des réflectométres optiques dans le domaine temporel (OTDR) —
Partie 2: OTDR pour fibres multimodales

3 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'lEC 60793-1-1, ainsi
que les suivants, s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en ormatisation, consultables aux adresses suivantes:

e |IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |[ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1
affiiblissement

affgiblissement d'une fibre pour une longueur d'onde 1 entre deux sections, 1 et 2, séparg¢es
pal une certaine distance, et défini comme suit:

A
B(4)

A(4)=[10logyq (1)

A(A4) est I'affaiblissement, en dB, a la longueur d'ende 4;
P4(1) est la puissance optique traversant la segtion 1;

P,(|1) est la puissance optique traversant la-séction 2.

Notg 1 a l'article: L'affaiblissement est une mesure de la diminution de la puissance optique dans une fibre a june
longueur d'onde donnée. Il dépend de la nature et de la longueur de la fibre et est également influencé par|les
confitions de mesurage.

3.2
affpiblissement linéique
affgiblissement par unité ‘dé longueur pour une fibre homogéene dans les conditions d'¢tat
staple
Notg 1 a l'article: 1l €stypossible de définir I'affaiblissement par unité de longueur ou I'affaiblissement linéique par:
A4
a) =24 2)
L
qui pst’indépendant de la longueur choisie de la fibre,
ou
a(l) est I'affaiblissement linéique;
A(A) est I'affaiblissement a la longueur d'onde 4;
L est la longueur, en kilomeétres.

Note 2 a l'article: Des conditions d'injection non maitrisées excitent normalement des modes de fuite d'ordre
supérieur qui provoquent des pertes transitoires et entrainent un affaiblissement qui n'est pas proportionnel a la
longueur de la fibre. Des conditions d'injection a I'état stable maitrisées conduisent a un affaiblissement
proportionnel a la longueur de la fibre. Dans de telles conditions d'état stable, une valeur d'affaiblissement linéique
de la fibre peut étre déterminée et les affaiblissements de fibres raccordées peuvent s'additionner de maniére
linéaire.
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3.3

modélisation de I'affaiblissement spectral
technique qui estime I'affaiblissement linéique sur un spectre de longueurs d'onde donné, a
partir d'un petit nombre (trois a cinq) de valeurs discrétes mesurées directement a différentes

lon

gueurs d'onde

3.4

discontinuité ponctuelle
écart local temporaire ou permanent du signal continu du réflectométre optique dans le
domaine temporel dans le sens aller ou retour

Not
d'im
poir
con
d'im
mes

4

Vo

La
Me

6

Les

pulsion, longueur d'onde et sens du signal du réflectometre optique dans le domaine temporel). Bigh/qu

urage de la longueur.
Exigences relatives a I'étalonnage

r les Annexes A, B et C pour les méthodes A, B et C, respectivement.

Méthode d'essai de référence

thod), qui doit étre celle utilisée pour régler les litiges.

Appareillage

équipements pour chacune des méthodes respectives.

7.1

Le
d'u
7.2

Pré
d'e

Echantillonnage et spécimens

Longueur des spécimens

spécimen doit étrecune longueur connue de fibre enroulée sur un touret ou a l'intéri
h cable, selon eerqui est indiqué dans la spécification particuliére.

Extrémite du spécimen

parer_une section plane perpendiculairement a I'axe de la fibre au niveau des extrémi
htréé et de sortie de chaque spécimen.

b 1 a l'article: La nature de l'écart peut varier en fonction des conditions d'essai (par exemple,~dyrée

b e

t de discontinuité puisse étre de longueur supérieure a la durée d'impulsion affichée correspondantg (y
pris les effets de I'émetteur et du récepteur), habituellement cette longueur est sensiblement égale a la dyrée
pulsion. Pour une interprétation correcte, il convient de suivre les lignes directrices de I'lEC 60793-1-22 poyr le

méthode A, fibre coupée, est la méthode d'essai de référence (RTM: Reference Tlest

Annexes A, B, C et D contiennent“des dessins et d'autres exigences relatives @ux

tés

8

Voi

9

9.1

r les Annexes A, B, C et D pour les méthodes A, B, C et D, respectivement.

Calculs

Méthodes A et B

Les méthodes A, fibre coupée, et B, perte d'insertion, utilisent les Equations (1) et (2)
données en 3.1 et 3.2, respectivement.
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Méthode C

Voir I'Annexe C.

9.3

Méthode D

Voir I'Annexe D.

10

Résultats

10,
Co

10.

Leg

1 Informations a fournir pour chaque mesure
nsigner les informations suivantes avec chaque mesure:

date et titre de la mesure;
identification du spécimen;

longueur d'onde de la source optique;
longueur du spécimen,;

affaiblissement spectral, en dB, ou affaiblissement linéique, €n*dB/km, en fonction dg
spécification particuliere.
2 Informations a fournir sur demande

informations suivantes doivent étre fournies surldemande:

la méthode de mesurage utilisée: A, B, C ou:D;

le type de source optique utilisée: la ou les longueurs d'onde centroidales et la ou
largeurs spectrales;

la technique et les conditions d'injection utilisées;

I'indication concernant I'utilisation*d'une fibre couvrant la zone morte (uniquement pou
méthode C);

la description de tous les équipements clés;

pour les fibres de type'\B)— les dimensions et le nombre de spires du filtre de modes ou
I'embrouilleur de medes;

la ou les durées \d'impulsion, la ou les plages d'échelle et les détails de calcul de
moyenne du signal;

les détails~de'la technique de calcul (méthode de calcul);
tout écart par rapport a la procédure;

la date du dernier étalonnage de I'équipement de mesurage.

10.

longueur d'onde ou a une ou plusieurs longueurs d'onde spécifiques, comme exigé paf

AN . 6 . soifi Sthod

la
la

les

Pour les méthodes C et D, se reporter aux exigences supplémentaires indiquées aux
Articles C.6 et D.6, respectivement. Ceci s'applique en particulier lorsque la méthode C est
utilisée pour mesurer des discontinuités ponctuelles.
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11 Informations a mentionner dans la spécification

La spécification particuliére doit préciser les informations suivantes:

le type de fibre (ou de cable) a mesurer;

les criteres de défaillance ou d'acceptation a la longueur d'onde ou dans la plage de
longueurs d'onde;

tout écart par rapport a la procédure applicable;

les informations a consigner.
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Exigences spécifiques a la méthode A — Fibre coupée

A.1 Généralités

La technique de la fibre coupée est la seule méthode directement dérivée de la définition de

I'af

mejsurés en deux points de la fibre sans modification des conditions d'entrée. P,(1)-es
puissance sortant de I'extrémité de la fibre et P,(1) est la puissance sortant d'un point‘situ
progximité de l'entrée lorsque la fibre est coupée. Ceci explique pourquoi cette méthode
largement acceptée comme méthode d'essai de référence pour l'affaiblissement.

Le |principe du mesurage ne permet pas de fournir une indication quant au‘comportement
I'affaiblissement le long de la fibre. Il rend également difficile le mesurage des variations
I'affaiblissement lorsque les conditions ne sont pas stables. Dans certaines circonstances

na

A.2 Appareillage

ure destructive de cette méthode est un inconvénient.

A.3.1 Appareillage général pour toutes les fibres

A.2.1.1 Généralités

Leg Figures A.1 et A.2 représentent des schémas.de montages d'essai appropriés.

Circuit de
polarisation

Extracteur de
maddes de gaine

o

Fibre en essai

Extracteur de Détecteur
modes de gaine

Systéme
d'injection
Source de
rayonnement
lumineux

V%
—

do

=

Amplificateur
. /l N\
Mesurage du niveau \U

V%

rd

de
de
la

IEC

Figure A.1 — Disposition de I'équipement de mesurage
des pertes a une longueur d'onde spécifiée
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4

Lampe a halogéne

A.2

La
infq
Sp4

A.2
Uti
éle
sta

podr terminer la procédure:de’ mesurage. Spécifier la largeur de raie spectrale (entre
points a 50 % de l'intensité de la puissance optique des sources utilisées) de telle sorte ¢
la raie soit étroite, par’ exemple inférieure a 10 nm, par rapport aux caractéristiques
I'affaiblissement spectral de la fibre. Aligner la fibre sur le cone d'injection, ou connecte

fib

Disque Extracteur de Fibre en essai Extracteur de Détecteur
o qh i modes de gaine modes de gaine /
échantillonnage v v /
Mono- I Systeme - y ~ — ( \[/
chromateur _7 I d'injection N [§s) N - -
\\ \\\
} Signal de référence o< Amplificafeur
™\ {erfouillage

|

Contréleur

:

<1 | Tracel

Commande de la longueur d'onde

Figure A.2 — Disposition de I'équipement utilisé pourc/obtenir le spectre des pertes

1.2 Montage général d'injection
Figure A.3 représente le montage général d'injection utilisé pour toutes les fibres. [

cifiques de fibres unimodales et multimodales.

1.3 Source optique

iser une source de rayonnement appropriée, telle qu'une lampe, un laser ou une dic
ctroluminescente. Le choix decla source dépend du type de mesure. La source doit §
le en position, en intensité et'en longueur d'onde pendant une durée suffisamment long

e a une fibre djinjection.

Embrouilleur de modes

IEC

Des

rmations plus détaillées sont présentées detA.2.2 a A.2.4 qui portent sur des catégoijies

de
tre
ue
les
ue
de

Filtre de modes

Extracteur de
3 modes de gaine

Figure A.3 — Montage général d'injection

Injection

IEC
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A.21.4 Longueur d'onde de la source

Les mesurages peuvent étre effectués a une ou plusieurs longueurs d'onde. En variante, une
réponse spectrale peut étre obtenue sur une plage de longueurs d'onde donnée.

A.21.5 Ensemble de détection optique

Un moyen doit étre prévu pour coupler la totalité de la puissance émise par le spécimen vers
la zone active du détecteur. Par exemple, un systéme de lentilles optiques, une épissure en
bout a une fibre amorce ou un couplage direct avec le détecteur peuvent étre utilisés. Si le

de
mejsurage rencontrées en effectuant ce dernier. Un systéme typique pourfait’ inclure yne
photodiode en mode photovoltaique amplifiée par un amplificateur de couraftyen entrée, ayec
défection synchrone par un amplificateur a verrouillage.

.2.1.6 Traitement du signal

Il gst d'usage de moduler la source de rayonnement lumineux)afin d'améliorer le rapport
sighal/bruit au niveau du récepteur. Si un tel procédé est_utilisé, lier le détecteur a|un
sygtéme de traitement du signal synchronisé sur la fréquence de modulation de la sourcq. I
confvient que le systéme de détection soit essentiéllement linéaire ou qu'il ait gté
complétement caractérisé avec une fonction de réponsge.

A.3.1.7 Extracteur de modes de gaine

Utiliser des techniques appropriées pour supprimer la puissance optique qui se propage dans
la gaine dés lors qu'elle risque de présenteriine influence importante sur le signal regu.

A.3.2 Appareillage d'injection pour toutes les fibres unimodales
A.3.2.1 Généralités

Un|systéme de lentilles optigues ou une fibre amorce peuvent étre utilisés pour exciter la fipre
d'epsai. La puissance couplée dans la fibre doit étre stable pendant toute la durée|du
mejsurage. Voir Figure A. 1.

A.2.2.2 Fibre 'amorce

Si pune fibre.@morce est utilisée, il peut étre nécessaire d'utiliser une substance adaptat:l‘ice
d'indice entre la fibre amorce source et la fibre d'essai afin d'éliminer les phénomeénes
d'interférence.

A.2:2.3—Systemedetentittes optiques

Si un systeme de lentilles optiques est utilisé, prévoir un moyen pour maintenir de maniéere
stable I'extrémité d'entrée de la fibre, par exemple un plateau de serrage a vide. Monter ce
support sur un dispositif de positionnement de telle sorte que I'extrémité de la fibre puisse
étre positionnée de maniére répétée dans le faisceau d'entrée. Une méthode visant a réduire
la sensibilité vis-a-vis du positionnement de la fibre consiste a saturer spatialement et
angulairement 'extrémité de la fibre.

A.2.2.4 Filtre de modes d'ordre élevé

Utiliser une méthode pour supprimer les modes de propagation d'ordre élevé dans la plage de
longueurs d'onde concernée. Un exemple de tel filtre de modes d'ordre élevé est une seule
boucle de rayon suffisamment faible pour décaler la longueur d'onde de coupure sous la
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longueur d'onde minimale concernée. Pour les fibres unimodales insensibles aux pertes par
courbure, plusieurs boucles de rayon plus faible ou un spécimen de fibre coupée plus long
peuvent étre utilisés. Il convient de veiller a ce que le rayon ne soit pas si faible qu'il induirait
des oscillations dépendant de la longueur d'onde. Il convient de tenir compte de
l'augmentation de la longueur du spécimen de fibre coupée dans le calcul de I'affaiblissement.

A.2.2.5 Extracteur de modes de gaine

L'extracteur de modes de gaine assure qu'aucun mode de rayonnement, se propageant dans

d'indice appliqué directement a la fibre non revétue a proximité de ses extrémités\.Dans
certains cas, le revétement de la fibre réalise cette fonction.

A.2.3 Appareillage d'injection pour les fibres multimodales A1
A.2.3.1 Généralités

Leg conditions d'injection sont d'une importance capitale pour atteindre les objectifs définig a
I'Aftticle 1. Elles sont définies pour empécher d'injecter de la pUissance dans des modes
trapsitoires d'ordre supérieur. En n'injectant pas de puissance(dans ces modes transitoires,
les| affaiblissements, s'additionnant alors de fagon approximativement linéaire, peuvent é&tre
mejsurés. Etant donné que ces répartitions de puissance né’/sont quasiment pas altérées par
la fibre, elles sont appelées "répartitions a I'état stable".

Depx techniques sont communément utilisées pour créer des conditions d'injection stables
pour les mesurages de l'affaiblissement: en utilisant des filtres de modes ou en réalispnt
I'injection par systeme optique géométrique. Lorsqu'elles sont réalisées avec soin, ces dg¢ux
techniques donnent des résultats comparables:

Il qonvient de veiller a ce que la répartition des modes tienne compte de la longueur des
spgcimens. Pour les cables a fibres (multimodales A1 courts (moins de 1 km), la répartition
deg modes peut ne pas atteindre un“etat stable. Ceci entraine une augmentation des valeurs
d'affaiblissement pour les longuéurs de fibres plus courtes, ou I'importance de la dépendance
a |lp longueur dépend du type-de fibre, de la condition d'injection, etc. Dans ces casg, il
conpvient que les valeurs d'affaiblissement soient obtenues avec des cables suffisamment
longs pour atteindre un .état stable, ou les valeurs d'affaiblissement peuvent étre celles|du
caljle plus long dans lequel elles ont été prélevées. Les exemples de résultats d'essai sur ﬂes
cables pour des( fibres multimodales A1 présentés a [I'Annexe E constituent des
reqgommandations(sur les longueurs de cables suffisantes.

La|Figure A-3 feprésente un exemple générique de montage d'injection utilisant un filtre|de
modes. Des-exemples de chaque filtre de modes sont donnés ci-dessous.

A.3.32 Exemples de filtres de modes

A.2.3.21 Filtre de modes par fibre inerte

Choisir une fibre de type similaire a celui de la fibre d'essai. Il convient que la fibre soit
suffisamment longue (typiquement supérieure ou égale a 1 km) pour que la répartition de la
puissance transmise par cette fibre soit a I'état stable, lorsque la source d'injection utilisée est
celle de A.2.1.2.

A.2.3.2.2 Filtre de modes du type enroulement sur mandrin

Un autre type de filtre de modes se présente sous la forme d'un mandrin autour duquel
quelques spires (typiquement trois a cing spires) de la fibre en essai sont réalisées avec une
faible tension. Choisir le diamétre du mandrin de maniére a assurer que les modes
transitoires excités dans la fibre d'essai ont été atténués jusqu'a obtenir un état stable.
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Effectuer un mesurage en champ lointain pour comparer la répartition de puissance en sortie
d'une grande longueur de la fibre d'essai (supérieure a 1 km), lorsqu'elle est excitée par une
source assurant une saturation uniforme, avec la répartition de puissance en sortie d'une
courte longueur de la fibre lorsque le mandrin est appliqué. Choisir le diamétre du mandrin de
maniére a obtenir une répartition de puissance en champ lointain dans la courte longueur
correspondant approximativement a la répartition de puissance en champ lointain dans la

gra

nde longueur de fibre.

L'ouverture numérique (mesurée selon la méthode de I''EC 60793-1-43) du diagramme de
rayonnement en sortie de la courte longueur doit étre comprise entre 94 % et 100 % de

I'o

Le
de

diamétre du mandrin peut étre différent d'une fibre a I'autre, en fonction du type de-fibre
revétement. Des diameétres dans la plage de 15 mm a 40 mm, avec cing spifes de fi

et
bre

rédlisées dans une longueur de mandrin de 20 mm sont couramment prescritsBien que dles

mal

A.2

Un
injq
coe
pui
éva

uni

La
est
tell

cogur de la/fibre. Installer également le systéme optique aux longueurs d'onde

fon
cor
co\

drins de tailles et de configurations différentes puissent étre sélectionnés; le Tableau
ne des tailles courantes de mandrin pour des fibres de différents diameétres'de cceur.

Tableau A.1 — Exemples de tailles de mandrin

Diameétre du cceur Diamétre du mandrin
pm mm
50 25
62,5 20
100 25
.3.3 Exemple d'injection par systéme optique géométrique

ction produite de maniére géomgtrique remplissant uniformément 70 % du diamétre
ur et 70 % de l'ouverture numerique de la fibre d'essai. Il s'agit de la répartition

nescents. Dans le cas d'uhe-fibre multimodale a gradient d'indice 50/125 ym, d'ouvert

nurpérique 0,2, les conditions d'injection LPS correspondent a un diamétre de champ

orme de 35 uym et a une-ouverture numérique de 0,14.

Figure A.4 est uf exemple de systéme optique nécessaire pour produire I'injection LP§
important de s!assurer que I'axe du faisceau d'injection coincide avec celui de la fibre,
e maniere que-le champ et le cone de rayonnement lumineux incident soient centrés su
ctionnement, afin de garantir un mesurage correct. Bien que des mandrins de tailles et

rantes de mandrin pour des fibres de différents diamétres de cceur.

A.1

P injection a espace de phase limité\(LPS: Limited Phase Space) est définie comme yne

du
de

5sance géométrique maximaléinjectée qui n'injecte pas de puissance dans les modes

Lre

M
de
F le
de
de

figurations différentes puissent étre sélectionnés, le Tableau A.1 donne des tailles
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