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allows_the user to identify the changes made to the previous IEC 60793-1-44:2(
edjtion.2.0. Furthermore, comments from IEC SC 86A experts are provided to explain
reasons of the most relevant changes, or to clarify any part of the content.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-44: Measurement methods and test procedures —
Cut-off wavelength

FOREWORD

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

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatid
co-operation on all questions concerning standardization in the electrical and electronic fields.JTo this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Repo|
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IECpPublication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee interested/in the subject dealt V

nal
hnd
rts,
eir
ith

may participate in this preparatory work. International, governmental and non-governmental organizations liaiding

with the IEC also participate in this preparation. IEC collaborates closely with the International Organization
Standardization (ISO) in accordance with conditions determined by agreement/between the two organization

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

IEC Publications have the form of recommendations for international’ use and are accepted by IEC Natig
Committees in that sense. While all reasonable efforts are madeyto 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.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the laf

IEC itself does not provide any attestation of .conformity. Independent certification bodies provide conforr
assessment services and, in some areas, access 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 or its (directors, employees, servants or agents including individual experts
members of its technical committees*and IEC National Committees for any personal injury, property damagq
other 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.

Attention is drawn to the\Normative references cited in this publication. Use of the referenced publication
indispensable for the ¢orrect application of this publication.

Attention is drawn\to/the possibility that some of the elements of this IEC Publication may be the subject of paf
rights. IEC shalknot be held responsible for identifying any or all such patent rights.
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A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60793-1-44 has been prepared by subcommittee 86A: Fibres and cables, of IEC technical
committee 86: Fibre optics. It is an International Standard.

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

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

ed

a)
b
c)

~

Th

Fu

ition:

used the diameter of the fibre loops to describe deployment;

added Annex D related to cut-off curve artifacts;
reorganized information and added more figures to clarify concepts.

E text of this International Standard is based on the following documents:
Draft Report on voting
86A/2314/FDIS 86A/2327/RVD

|l information on the voting for its approval can be found in the(report on voting indicated

thg above table.

Th

Th
ac
at

de

Th

Al

e language used for the development of this Internationak'Standard is English.

Is document was drafted in accordance with ISQHEC Directives, Part 2, and developed
cordance with ISO/IEC Directives, Part 1 and ISQ/IEC Directives, IEC Supplement, availa

scribed in greater detail at www.iec.ch/publications.
s document is to be read in conjunction”with IEC 60793-1-1.

ist of all parts of the IEC 60793-1 series, published under the general title Optical fibre

Mgasurement methods and test’procedures, can be found on the IEC website.

Th

e committee has decid€d,that the contents of this document will remain unchanged until {

stgbility date indicated on the IEC website under webstore.iec.ch in the data related to {

sp
[ ]

pcific document. Atithis date, the document will be

reconfirmed,
withdrawn)
replaced’by a revised edition, or

amended.

n

in
ble

www.iec.ch/members_experts/refdocs. The Jnain document types developed by IEC are

O
|

he
he

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

Part 1-44: Measurement methods and test procedures —
Cut-off wavelength

Scope

Is part of IEC 60793 establishes uniform requirements for measuring the cut-off wavelen
single-mode optical fibre, thereby assisting in the inspection of fibres and cdables
mmercial purposes.

|s document gives methods for measuring the cut-off wavelength—effibre“and—cable
cabled or cabled single mode telecom fibre. These procedures apply to dll"category B ang
e types.

gth
for

for

£5

©
D

2

Ere are three methods of deployment for measuring the cut-off wavelength:

method A: cable cut-off.usjig uncabled fibre 22 m long sample, A.g;
method B: cable cut-offusing cabled fibre 22 m long sample, A_;

method C: fibre-Cut-off using uncabled fibre 2 m long sample, A.

both of which-may can be used with all methods:

bend-reference technique;

multimode-reference technique using category A1(OM1-OM5) multimode fibre.

methods require a reference measurement. There are two reference-scan techniques, either

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 edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60793-1-1, Optical fibres — Part 1-1: Measurement methods and test procedures — General
d guidance

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

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

o |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

4 | Background

Theoretical cut-off wavelength is the shortest wavelength at which only the fundamental mqde
cah propagate in a single-mode fibre, as computed from the refractive index profile/of the fibfre.

In joptical fibres, the change from multimode to single mode behaviour dges not occur at|an
isdlated wavelength, but rather smoothly over a range of wavelengths. For purposes|of
detjermining fibre performance in a telecommunications network, theofetical cut-off wavelength
is less useful than the lower value actually measured when the fibré is deployed.

Mgasured cut-off wavelength is defined as the wavelength greater than which the ratio betwgen
thg total power, including launched higher-order modes, and/the fundamental mode power Has
defreased to less than 0,1 dB. According to this definition, the second-order (LP,4) mqde

unflergoes 19,3 dB more attenuation than the fundamental (LPy4) mode at the cut{off
wavelength. 1 g

Belcause measured cut-off wavelength depends on the length and bends of the fibre, the
regulting value of cut-off wavelength depends, on whether the measured fibre is configured in a
deployed, cabled condition or if it is short;and uncabled. Consequently, there are two overall
tyges of cut-off wavelength:

e [cable cut-off wavelength (1) measured in an uncabled fibre deployment conditjon
(method A), or in a cabled.condition (method B);

e |fibre cut-off wavelength*(:{;) measured on a short length of uncabled, primary-coated fipre
(method C).

Cdple cut-off waveléngth is the preferred attribute to be specified and measured.

5 | Overview of methods

All of the methods shall use the transmitted-power technique. A general system block diagram
is depicted in Figure 1. A fibre specimen is scanned by a wavelength spectrum. The output
optical power is measured and stored. This stored data is then analysed against a reference
power spectrum. The reference scan normalizes any wavelength-dependent fluctuations in the
measurement equipment that is not associated with the loss of the LP{4, mode. The resulting

attenuation will thus properly characterize the cut-off wavelength.


https://www.electropedia.org/
https://www.iso.org/obp
This is the point the optical waveguide geometry and index propagate only the fundamental mode.

Click on the paperclip next to Comment 1 to display this concept in a graphical form.
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specimen
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spectrum analysis
Fibre Optical
reference power

Py () P (M)

\/ IEC

Figure 1 — Cut-off measurement system block diagram |2

The reference scan uses one of the following two techniques:

ol . " o , s fibre | :

. imode fibre.

e | bend reference where a small diameter bend is added to the fibre 'specimen;

e | multimode reference where the optical power through an A1(©M1-OM5) fibre is measurg

d.

Fhjs—procedure Either reference technique can determine the cut-off wavelength of a fibre

sp=C|men m%ﬁhe% a cabled or uncabled condﬂmn—Eaeh%%ethedfha%rt%ewpﬁdeia

The fibre cut-off wavelength,41., measured under the standard length and bend conditig

depcribed in this document, will generally “exhibit a value larger than the cable cut{
velength, ... For normal installed cable.8pans, it is common for the measured A, value

ceed the-system long fibre’s transmission wavelength.-Fhus-Cable-cut-off-wavelength-is

225

D

@ m
P O

D

B

Cale cut-off wavelefigth is more useful in describing an installed network system performar
anfl capability, while’ fibre cut-off would apply to short cables or pigtails. The two cut-
wavelengths can be mapped to each other for a specific fibre type and cut-off measurem
mgthod. The~Customer and the supplier shall agree to the confidence level of each mapp
furjction established (see Clause 11 for details).

6 | .Reference test method

<

ce
off
ent
ng

Method A, cable cut-off wavelength using uncabled fibre, is the reference test method (RTM).

This method shall be used to settle any disputes.
oy : I { bed in.C -
7 Apparatus

71 Light source

Provide a filtered white light source, with line width not greater than 10 nm, stable in position
and intensity. The light source should be capable of operating over the wavelength range
1 000 nm to 1 600 nm for most category B fibres. An operating range of 800 nm to 1 700 nm



In this flow chart the cut-off analysis refers to using the transmittance of the fibre sample to determine discrete changes in the transmitted optical power. The point at which the power of the LP11 mode is lost and only the LP01 mode is propagating in the wave guide. The transmittance data is normalized to light source variances by using a reference scan over the same wavelength span.

https://iecnorm.com/api/?name=66b5f6edd1c7dbea0a904e25e60277d4
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may be necessary for some-B4 B-655 fibres,-B5 B-656 fibres or-seme category C fibres. A
scanning monochromator with a halogen bulb is one example of this kind of source.

7.2 Modulation

Modulate the light source to prevent ambient light affecting the results, and to aid signal
recovery. A mechanical chopper with a reference output is a suitable arrangement.

7.3 Launch optics

Prpvide Taunch optics, such as a lens system or a multimode iibre, to overiill the test fibre oyer
thg full range of measurement wavelengths. This launch is relatively insensitive to the inputignd
fage position of the single-mode fibre and is-sufficient able to excite the fundamental-and gny
higher-order modes in the specimen. If using a butt splice, provide means ©of “avoid|ng
interference effects.

When using a multimode fibre, overfilling the reference fibre can produce an<undesired ripple
effect in the power-transmission spectrum. Restrict the launch sufficiently,. to*eliminate the ripple
effect. One example of restricted launch is in method A, attenuation by cut-back, | of
IEC 60793-1-40. Another example of restricted launch is a mandrelwrap mode filter with
sufficient (approximately 4 dB) insertion loss.

7.4 Support and positioning apparatus

Prpvide a means to stably support the input and outputends of the specimen for the duratfon
of [the test; vacuum chucks, magnetic chucks, or cobnectors may be used for this purpoge.
Support the fibre ends such that they can be repeafedly positioned in the launch and detect|on
opflics. When measuring A, in method B, provide @ means to suitably support the cable engds.
The mechanism used to hold the fibre ends allows for fibre positioning with respect to the launch
anfl detection optics. Holding and moving of¢the fibre should not cause micro-bends that affect
thg measurement accuracy. |3

7.5 Deployment mandrel

7.1 General

The fibre specimen’s two ends, input and output, are mechanically held in place during the
mgasurement,\The deployment and length of the specimen, together with the suppport
apparatus,are key elements of the measurement method, and they distinguish the types| of
cuf-off wavelength.

Additienal, alternative deployments may be used if the results obtained have bgen
demonstrated to be empirically equivalent to the results obtained using the standard
deployment, to within 10 nm, or they are greater than those achieved with the standard
configurations.

7.5.2 Cable cut-off wavelength deployment, method A

Provide a means to make an 80 mm diameter loop at each end of the specimen and a loop of
diameter = 280 mm in the central portion. See Figure 2.



Testing for the influence of microbending can be accomplished by doing a transmittance measurement where the data is normalized by the nonclamped state. This can simply be a bend reference measurement where the bent state is replaced with an unbent state.
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7.9.

Provide a means to makelan'80 mm diameter loop at each end of the specimen. See Figure
The cabled fibre betwegen.the two 80 mm loops has a bending diameter greater than 280 mm.

NO

&> 280 mm
& =80 mm @ =80 mm
K 22 m of fibre >|
IEC 701/11
Dimensjons in millimef
Total fibre length = 22 m
2280

IEC
Figure 2 — Deployment configuration for cable cut-off wavelength /.., method A

3 Cable cut-off wavelength deployment, method B

@280 mm @ =80 mm

res

f

< 1m > 20m > 1m >

IEC 702/11
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Dimensions in millimetres

280

=22m

Total fibre length

280

\\

1\

IEC

Figure 3 — Deployment configuration for cable cut-off wavelength /.., method B

to

Fibre cut-off wavelength deployment, method C 4

camicirctlar mandrel with 9 radius of 140 mm that ic canabhle of slidina _héhece abl

ottt o Capabtc OT—onuttyg, TIeTicCaoicto

PG oo Cuar arnttr o wit o Tadias Ot

nlit

HARe-WHRoe

et HES

HOh

aRHEe-SUtHHEGIeM—toPpeHt

—He-HHroadctHoR—otaHiHdm-beRa—o+th

=

Receive

IEC 703/11

Lower semicircular mandrel able
to slide to take up slack fibre

5 |

Launch

7.9.4

NOIFE— The-introductionof aminimum-bend-ofthe cable sufficientto-permit connection-of-the two-ends-of- the whole

A
tak

N

t

IEC 704/11



In practice a variety of deployment methods have been used for fibre cut-off. A fibre deployment method can be verified by comparing the results of the cut-off measurement of the test configuration.

The standard deployment being shown in figure 4 where a single 289 mm loop has to straight ends and a total length of 2 m.
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IEC 705/11

I

I

:

Prpvide means to route a fibre specimen through one complete circular loop having a diamefter
egpal to 280 mm, see Figure 4.

Dimensions in millimefres

Total fibre length =2 m

2280

IEC

Figure 4 — Standard deployment for fibre cut-off wavelength measurement

7.6 Detection optics

Couple all power emitted from the specimen onto the active region of the detector. As examples,
an optical lens system, a butt splice with a multimode fibre pigtailed to a detector, or direct
coupling may be used.
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7.7 Detector assembly and signal detection electronics

Use a detector that is sensitive to the output radiation over the range of wavelengths to be
measured and that is linear over the range of intensities encountered. A typical system might
include a germanium or InGaAs photodiode, operating in the photo-voltaic mode, and a
current-sensitive preamplifier, with synchronous detection by a lock-in amplifier. Generally, a
computer is required to analyse the data.

7.8 Cladding mode stripper

Previde—a—means—to—remove—cladding-mode—power—from—the—speeimen—Under—seme
circumstances, the fibre coating will perform this function; otherwise, provide methods|or
deyices that extract cladding-mode power at the input and output ends of the specimen;

8 | Sampling-and specimens

8.1 Specimen length

Choose the specimen length according to which parameter is beingymeasured and, if the
parameter is cable cut-off wavelength, the method to be used. See the appropriate anngx:
Anjnex A or Annex B for the cable cut-off wavelength measuremgntyor Annex C for fibre cutoff
wavelength.

8.2 Specimen end face
Prgpare a flat end face, orthogonal to the fibre axisi at the input and output ends of egch
specimen. An optical fibre cleaver is often used te achieve very flat and clean end faces.

9 [ Procedure

9.1 Positioning of specimen in apparatus
9.11 General requirements for all methods

Align the input and output ends of the specimen to the launch and detection optics. Do hot
change the launch and detegtion conditions during the course of the measurement.

Unlless otherwise spécified, when installing the specimen in the apparatus, and when using a
cldqdding-mode stripper,—take—care—te avoid imposing any additional fibre bends smaller
thgn those specified in the configuration for the particular measurement being made.

9.1.2 Deployment requirements for each method

Deploy.the specimen using the information in Clause 7 and the following annexes:

e cable cut-off wavelength, method A (SE€ Annex AJ;
e cable cut-off wavelength, method B (see Annex B);

o fibre cut-off wavelength, method C (see Annex C).
9.2 Measurement of output power

9.2.1 Overview

Record the output power, P¢ (1), along the wavelength range, in increments of 10 nm or less.
The range shall be broad enough to encompass the expected cut- off wavelength-and,—as
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normalized by the reference power producing curves similar to Figure 5, bend reference and
Figure 6 multimode reference.

A

Ay (1) dB

|
Lo |

A4, 22 dB

01 —f—mmmmm e N
0 ‘K

! Wavelength
Cable cut-off wavelength 2.

A

IEC

Figure 5 — Cut-off wavelength using the bend-reference technique |5 g

Cable cut-off wavelength ¥
Wavelength A

-
\

Ay, (1) dB

IEC

Figure 6 — Cut-off wavelength using the multimode-reference technique

9.2.2 Bend-reference technique

With input and output conditions unchanged, introduce a smaller-diameter bend between input
and the output. Record the transmitted spectral power, P, (1), over the same wavelength range

and with the same spectral increments as in making the original measurement on the specimen.

The exact value of the smaller diameter may be determined prior to measurement; it should be
small enough to attenuate the second-order mode, but not too small in order to avoid

macrobendmg effects at hlgher wavelengths A—Fad&us—be%weeﬂ—waee%&mm—rs%ymeakﬁeemest

j j - A dlameter between 20 mm
and 60 mm is typical for most B652 to B656 fibres.



The bend reference should produce a region that is flat prior to the cut-off point. If this does not occur then the bend diameter needs to be smaller.

Click on the paperclip next to Comment 5 to display this comment in a graphical form.
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For some bend insensitive fibres (category B-657), the diameter may need to be smaller, and
this measurement technique may not be adequate for these fibres. Curve artifacts can persist
and require the use of both techniques described in Annex D. [6

9.2.3 Multimode-reference technique

Replace the specimen with a short (< 10 m) length of category A1(OM1-OM5) multimode fibre
as a reference. Record the transmitted signal power, P (), over the same wavelength range

and with the same spectral increments as in making the original measurement on the specimen.

NO[lE—The-powerusing-the-multimode-referencetechnique,_(x)may-be-storedina-computerforuseinrepstitive

Ripples can occur in the reference spectrum P_(%). Provide a means to add mode mixing which cap reduce this

effgct; this can be done by wrapping a multimode fibre at least 5 times around a mandrel 10 mm to 2Q°'mp1 in diamefer.
A1(OM2-OM5) type multimode fibres are preferred for this technique.

10| Calculations

10{1 Bend-reference technique

Cdllculate the spectral transmittance of the specimen without thessmaller-radius small diamejter
benhd, referenced to the condition where the smaller-radius bénd is introduced:

(4
R)(%)

Ay (4)="10logyq in dB 1)

whlere

Ap,[2) is the spectral transmittance. xeferenced to the-smaller+adius small diameter bend (dB);
P (L) is the-output-power spectral optical power through the fibre specimen;

Py()) is the—transmitted spectral optical power through the sample with-the—smaller—radius
small diameter bend-irtreduced.

Figure 5 shows a schematic result. The short and long wavelength edges are determined |by
thg specimen deployed with and without the smaller-radius bend, respectively. Determine {he
lorjgest wavelength at which 4,(1) = 0,1 dB from Figure 5. This is the cut-off wavelength,

provided that'A4,, is equal to or greater than 2 dB.

the measurement procedure until A4, > 2 dB.

NoTE—For certain implementations of bend-insensitive fibres (category-B6 B-657), A4, will not

reach 2 dB loss, because of the very nature of these fibres. It is recommended to use the
multimode-reference technique as reference scan for these fibres. See Annex D for dealing with
curve artifacts that can affect the results.

10.2 Multimode-reference technique

Calculate the spectral transmittance of the specimen, referenced to that of the multimode fibre:


For the standard bend insensitive fibre deployment modal artifacts are observed. These non-axial modes can be attenuated by applying a large bend. The attenuated curve features are then filtered by using the curve fitting technique.

Click on the paperclip next to Comment 6 to display this process for the multimode technique depicted into three graphics.

A large bend is used to filter the modal artifacts. The curve fitting is then applied to this modal filtered transmittance curve. Note the plot provided is for the multimode-reference technique.


Stress free
deployment

Ac=1262.8 nm

Bend Insensitive Fiber

Large bend
mode filtering

Ac =1260.3 nm

Bend Insensitive Fiber

Mode filtering and
Curve fitting

Ac =1244.1 nm

Bend Insensitive Fiber
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£ (%)

Ba(4)

A () =10logyq (2)

where

A,(L) is the spectral transmittance referenced to the multimode fibre (dB);

s{rA) is the-eutput spectral optical power through the specimen;
(L) is the-trarsmitted-signal spectral optical power through the multimode referenee-fibre.

Figure 6 shows a schematic result.

Fitla straight line to the long-wavelength portion of 4,,(1), displacing it upward by 0,1 dB, |as

shpwn by the dashed line in Figure 6. Determine the longest wavelength at‘which this displaged
ling intersects with 4,,(1). This is the cut-off wavelength, provided that A4, is equal to or greater

thgn 2 dB. Between measured data points, 4,(X) is defined by lingar interpolation.

If A4, <2 dB, orifitis unobservable, broaden the wavelength scan and enlarge the single-mqgde
laynch conditions. Repeat these adjustments and the measureément procedure until A4, > 2 ¢B,
anfl until the long-wavelength tail is of adequate length te’be fitted by a straight line.

>

NOJTE-+ When using the multimode-reference technique, fibrés with high cut-off wavelengths, when combined With
refgrence fibres with high water peaks, can have erroneous.values reported as cut-off wavelength.

Nofre 2 For certain implementations of bendzinsensitive fibres (category-B6 B-657), the bend-
reference technique is not the optimal technique as reference scan. For these fibres, the
myltimode-reference technique is recommended. See Annex D for dealing with curve artifagts
thgt can affect the results.
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11 Mapping functions

A mapping function is a formula by which the measured results of one type of cut-off wavelength
are used to predict the results that one would obtain from another type. Figure 7 illustrates the
cut-off wavelength difference between the fibre cut-off method C and the cable cut-off method A
for a specific fibre type. |7

An empirical mapping function is specific to a particular fibre type and-design method. Generate

mapping functions by doing an experiment in whlch—sammes—ef—ﬁbFe—a%e—ehesen—te—Fep%esem
th

spectrum of cut-off wavelenath-valuesfor-the fibre tvpbe- then-measu values-using
cHuh Hwavetrengin-va theh-measy he values usin

T

twp—methods—to-be-mapped a variety of fibre specimens between the two fibre deployfm ant
mgthods are sampled. A linear regression of the respective values will often producqg a

satisfactory mapping function. When establishing criteria for fibre selection, residual errorg in
thg regression shall be taken into account.

= = = Fibre cut-off Cable cut-off

Transmittance (dB)

\__//
-17

1000 1050 1100 1150 1200 1250 1300 1350 1400
Wavelength (nm)

IEC

Figure 7 — Cablecut-off vs fibre cut-off for a specific fibre (multimode reference)

12| Results

12{1 Report the following information with each measurement:

e | date and title of measurement;

o identification of specimen;

e measurement results.
12.2 The following information shall be available upon request:

e if measuring cable cut-off wavelength, the method used: A or B;

length of specimen;

reference technique used (bend or multimode);

type of multimode fibre used (if using multimode-reference technique);

description of all key equipment used: light source, launch optics, cladding-mode stripper,
specimen-support mechanisms, and detection optics;



A mapping function allows the easier to deploy fibre cut-off method to be used to predict the cable cut-off transition point.
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description of monochromator (spectral scanning range, spectral width, and incremental
steps);

description of detection and recording techniques;
description of deployment configuration used;

typical plot of the spectral curve, 4,(1) or 4,,(4);

date and certificate of latest calibration of measurement equipment.

13 _Specification information

Th

e detail specification shall specify the following information:

type of fibre or cable to be measured;
failure or acceptance criteria;
information to be reported;

any deviations to the procedure that apply.
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A.

Usga 22 =t totattength-of {unmcabted ) opticatfibre:

Annex A
(normative)

Requirements specific to method A —
Cable cut-off wavelength, 1., using uncabled fibre

1 Specimen length

A.2  Procedure — Position specimen on deployment mandrel

Astshown-ir-Figure—t—coil-themiddle 20-m-of thefibre-specimen-into-aloopwith-a-minimyim

radivs-of140-mm-In-orderto-conservatively-simulate-cabling-effects—TFo-similate-the-effectgof
D o nize oy e-loop-o n—di each nd-of theXibre-len WO

lodps-of 80-mm-diameterto-one-end-

In order to conservatively simulate cabling effects, the specimenchas a central coil 20 m Igng

with a minimum diameter of 280 mm (see Figure 2). The 20 m fibk&Coil has a minimum diametter

of

crgate two 1 m long ends. This specimen is then placed in ftént of the measurement instrum

280 mm and should be loosely coiled with minimal stress,_jThe remaining fibre is used

whiere an 80 mm diameter loop is applied to each end. The.80 mm loops simulate the effectq of

a
Alf

Sir
en
de

splice organizer. Figure A.1 shows an alternative, deployment method for cable cut-
ernative to placing loop at each end, two 80 mmdobps can be place at one end.

bloyment can only reduce further the cable cut-off wavelength value.

laput Output
1m im
280 280
——
20 m

ce A,.is-specified-as represents a maximumycut-off value, this configuration is sufficien{ to
sure specification compliance, becauseany further effects of cabling, installation, gnd

Dimensions in millimefres

Total fibre length =22 m

IEC

Figure A.1 — Alternative cable cut-off deployment
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Annex B
(normative)

Requirements specific to method B —
Cable cut-off wavelength, 1., using cabled fibre

B.1 Specimen length

Usga 22 =t totattengthof opticat cabte, withra—tmmfengthrof decabtedfibreateaciren

B.2 Procedure — Position specimen on deployment mandrel

Expose 1 m of cabled fibre from each end, and deploy the specimen as shownc¢in-Figure 3. T
migdle 20 m of the jacketed cable shall be substantially straight having any thend greater th
28p mm so that the deployment does not have a significant effect on the subsequ
asurement results. To simulate the effects of splice organizers, apply one loop of 80 mm

meg
dig

enfl of the decabled fibre. The cabled ends should be securéd “as to not move dur

mq

NOITE For short cables, for example a pigtail with a length shorter (@Adspossibly a bending radius larger) t
cribed in this method, it is possible the cable introduces modal nQise near the cut-off wavelength when lopsy

des
spl

meter to each 1 m end of the decabled fibre length or two loops ©f'80 mm diameter to g

asurement.

ces are present (> 0,5 dB).

han
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Annex C
(normative)

Requirements specific to method C —
Fibre cut-off wavelength, A,

C.1 Specimen length

Usgamopticat fibre withatotattengthrof 2 mm=0;2 T

Bend the specimen into a loosely constrained circular loop-thatis-ene-complete turn-of-a—¢ir

of |

Alt
rad
lov
md

Sp

.2 Procedure — Position specimen on deployment mandrel

140-mm-radius having a diameter of 280 mm (see Figure 4).

ernatively, the loop placed in the fibre may consist of two arcs (each,of 180°) of-140 280 n
lius diameter connected by tangents. This set-up is shown in-Figute3 Figure C.1, where {
er semi-circular mandrel is allowed to move to take up any slack\fibre without requiring {
vement of any of the optics, or placing any significant tension\on the rest of the fibre-samj
ecimen. The remaining fibre shall be substantially free of external stresses | 8.While—sof

he
L~ A

hds of laraer radii are nermissible _thev shall not sianifica¥ihy affaect the measurement res
G SO argerTaaHarepPpemmiSSore,theyY-SahRO-SIghHHCaRyYaHectte-MmMeastHrement+es

Dimensions in millimef

Total fibre length'=2 m
Input Output

2280

A
y

2280

A
Y

o

., -
N -
......

IEC

Figure C.1 — Alternative fibre cut-off deployment — Sliding semi-circle

res

There are a variety of alternative deployments; Figure C.2 and Figure C.3 depict other
variations. Alternative deployments may have larger bends greater than 280 mm as long as
they do not significantly affect the measurement result. Alternate deployment methods are
compared to the deviation from the standard method and should not exceed 10 nm. When
evaluating the deviation accuracy, one should also measure the deviation of deployment,
meaning the variation of the measurement when the same fibre is redeployed.



When a fibre is deployed or laid out, care should be taken not to twist or induce small bends in the fibre. Ideally the fibre can be laid into position without clamping devices.
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Dimensions in millimetres

Total fibre length =2 m

2280

IEC

Figure C.2 — Alternative fibre cut-off deployment — Multi<bend

Dimensions in millimef

Total fibre length <2 m

IEC

Figure C.3 — Alternative fibre cut-off deployment — Large curve

res
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D.1

Annex D
(informative)

Cut-off curve artifacts

Description of curve artifacts

Sometimes, the transition between LP,4 to LPy, is not smooth. Curve artifacts can appear as

snattomps focatedaroundthe transitiom area. 1 e origim of these umps 1S refatedtomoges

thgt are not associated with the axial modes propagating in the core/cladding wave guide.
cufve humps can produce errors when using standard measurement practices. Fi
shpws a cut-off curve where a modal hump is large enough to trigger the 0,1 dB

the linear fit resulting in a cut-off wavelength calculation that is too large. Q(l/

e

<

D.p

N

To|reduce the effects of these modal humps, two methods have been prop%?id:

4
e |applying advance numerical curve fitting techniques that filter the Fgﬁps;
o [slightly modifying the fibre deployment to attenuate the modes./\cb

For both techniques, the standard cut-off curve measurem(afbshould serve as a guide
bluating the accuracy of the method. ((/

&
11 /————_\\ "0 [

Transmittance (dB)
|
o
4
/@’

15 N

se
e.1
hold| of

n

/

1100 1150 C) 1200 1250 1300 1350 1400 1450

-

@ . Wavelength (nm) IEC
O
O

-

O
—

§ure D.1 — Cut-off curve with linear fit error (multimode reference)

D

urve-fitting technique for artifact filtering

D.2.1

Overview

The general concept is to fit two curves to the spectral transmittance and use their intersection
to define the cut-off wavelength. Figure D.2 shows a curve fitting result that filters a hump
measured by a fibre cut-off multimode reference method. When using curve fitting, one shall
observe the fit overlay on the cut-off curve to ensure that the fit was properly applied.
Sometimes the curve fit can be influenced by the location of the humps and provide results that
do not represent the loss of the LP {4 mode.
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Figure D.2 - Fibre cut-off curve fitting technique (multimode referég’e))

%

D.2.2  General D
X

If ¢urve fitting is considered necessary for improving precision, then method is descriljed

below. The method describes a seven step process for smoothi @ ata through numerigal

filtering. The steps 1 to 3 define the LPy, region, or upper-wa gth region. Steps 4 t¢ 5

define the transition region, where LP,, attenuation begins t; ﬁ.Qrease. Step 6 characteriges

this region according to a theoretical model. Step 7 comp he cut-off wavelength from t{he

N
3

chracterization parameters. |9 &
®)
This analysis is applicable for 1, and 1., measure ing either the bend-reference technique

or [the multimode-reference technique. The ter ﬂ/l) represents either spectral transmittarjce
Ap[A) or A, (4). Figure D.3 illustrates the reg@location and the curve fit applied to each| of

thgm. %)
$
10 ®$
-1
o 12 NS fluﬂﬁmxw%)”
e A(D) = (511‘/10»+ 10Logyo [1|+ p-10 1000T-1 LPgq region
g . or upper wavelength region
g-13 @ ‘ 3 A(A) = Tu 4 Suk _
c L
© —"""
S

1150 1200 1250 1300 1350 1400 1450
Wavelength (nm)

(3

IEC

s

Figure D.3 — Curve fitting regions


The origins of the specific curve fitting equation comes from analyzing and modeling a series of empirical transmittance data generated with standard telecom single mode fibre.
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D.2.3 Step 1: define the upper wavelength region

The upper wavelength region starts at a wavelength ("start wavelength", 1Y,,.;) and ends at a
higher wavelength ("end wavelength", A4,4).

e Start wavelength
1) Bend reference technique
One method is to find the wavelength at which the spectral transmittance is maximum.

For wavelengths greater than this wavelenagth, the start wavelength is the wavelength at

which the function 4(1) — 8 + 84, with A in ym, is minimum. A

2) Multimode reference technique @
One method is to find the wavelength at which the function 4(1) — 4(4.#510 nm}) is
maximum. Qq’

For wavelengths greater than this wavelength, the start wavelength is&%’wavelength at

which 4(1) is minimum. )

e | End wavelength (b/
The end wavelength, AY,, 4, is the start wavelength, 1Y, pllg\ nm.

D.2.4 Step 2: characterize the spectral transmittance O

Chlaracterize the spectral transmittance, 4(1), of the waer wavelength region as a ling¢ar

egpation in wavelength, A: Q O

A(2) = I;%S, - 2 (O} 1)

O
%
)
where $
.\Q,

A(4) is the spectral transm{gance;
I, pnd §, are the interceptab.d the slope of the linear equation respecting the descriptjon

below. \\

a) | Using the bend-reference technique
Set 1, to the me&transmittance value of the upper wavelength region.

Set S, to 0. O

-

O
-

Using t ultimode-reference technique

Find%and S, by simplex regression so that the sum of the absolute values of erroy is
imum, and such that all errors are non-negative.

ran £+ rroara ond oA
LY MmMuro diiftu au

[O8

E ...-.:..

%
ure vaimuco

\>J Iu.
D.2.5 Step 3: calculate the deviation of the spectral transmittance from the linear fit

Define a function, d(4), to represent the difference between the transmittance and the linear fit
of the upper wavelength region, using Formula (D.2).

d(A) = A(A) — I, — SyA (D.2)



https://iecnorm.com/api/?name=66b5f6edd1c7dbea0a904e25e60277d4

- 30 - IEC 60793-1-44:2023 CMV © IEC 2023

where

d(A) is the function representing the difference between transmittance and linear

fit (dB);

A(A), I,and S, are as defined in Formula (D.1).

D.2.6 Step 4: determine the end wavelength of the transition region

The transition region starts at a wavelength ("start wavelength”, /ltstart) and ends at a higher

w

velength ("end wavelength" Ztcl Al

On
a

—

DIA

Y]
-~

O
-

DIA

Y

—~

e method to identify the end wavelength i, is by adding 10 nm to the maximum weﬁn hth
which the function d(1) is greater than 0,1 dB.

p.7 Step 5: determine the start wavelength of the transition regionb{l/

ThEre are various ways to determine the start wavelength Al . Here afe([wo examples.

p.8 Step 6: characterize the transition region with the theoretical model

The model is a linear regression of a t@éformation:

where QQ
) isC)t@Qransformation function.

Ci

s{@fined by Formula (D.4):

a7

Q

go)
N4

.

Starting with the end wavelength 1., from step 4, find the Waw&%ngth at which d(1) ha$ a
local maximum, and the difference between this maximum the next local minimum |(at
larger 1) is maximum. Q

Find the largest wavelength, below the end Wavelengt,Q end> such that d(4) is greater than

2 dB and: @)
K
QO

e there is a local maximum for d(1), or Q
e there is a local maximum for d(1) — d(4 3\0 nm).

<
<O ()
C $)=10|og10 _£.|og10 w (D3)
O C p

_ P
C—10‘|Og10|:W:| (D4)

where

Yol

= 2, unless otherwise specified.

d(1) is defined in Formula (D.2) and used for wavelengths in the transition region.


https://iecnorm.com/api/?name=66b5f6edd1c7dbea0a904e25e60277d4

IEC 60793-1-44:2023 CMV © IEC 2023 -31 -

Fit the transformation function, Y(1), to a linear model, using data from the transition region:

Y(A) = =L, — S, - A (D.5)

To limit the effect of positive humps, the regression may be done with constraints on errors so
that negative errors in the spectral transmittance will not exceed the negative errors found in
the characterization of the upper wavelength region. This fitting technique may be accomplished
witfy b;lllpic)\ methods: A

Lef £ be the minimum value of d(4), for A4 in the upper wavelength region. C)®

For the transition region, find the values of /; and S; from Formula (D.5) so that@‘l’sum of the

abpolute values of error is minimized, and so that no error is less than — V(Mb‘ ith v(1) defirled
algng with w(4) and z(1) in Formula (D.6), Formula (D.7) and Formula (D.8/»g
N

d(2)- O
()-F Q’\ (D|.6)

o
z(4)=10 @ —%'|0910(W( )_1H (D}7)
N
@
A\Q&) = Y(2) - z(A) (0l8)

v(4), w(4), and z(A4) repres@\@ltermediate calculations used to simplify the overall expression.
D.2.9 Step 7: cor@ut’e the cut-off wavelength, 4,
Evpluate the s&@f the transition region and compute the cut-off wavelength.

If IS is gr %T than a small negative value (for example, -1 to -0,1), reduce the upper
wavele&)g& of the transition region by 10 nm and repeat step 6. Otherwise, compute A_ as:

NS

fe == (D.9)

where
Ac is the fibre cut-off wavelength;
I and S are from Formula (D.5).

NOTE Calculate cable cut-off wavelength, 1., in the same manner as for fibre cut-off wavelength, 4, in step 7
above. Simply replace 4, with 4 in Formula (D.9), as appropriate.
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D.3 Fibre deployment method for artifact attenuation

The modal humps can vary in location and frequency depending on the fibre type and
deployment. Figure D.4 and Figure D.5 show cut-off curves with multiple artifacts for both the
multimode reference technique and the bend reference technique. It has been observed that,
when bends greater than 280 mm diameter are introduced to the standard fibre deployment, as
in Figure D.6, the modal humps decrease in magnitude. The slight birefringence introduced into
the fibre attenuates the non-axial modes. If the bends are slight enough, the fibre cut-off
transition shift is less than 10 nm from the standard deployment. Figure D.7 shows the
comparison of two cut-off curves with and without large bends. The deployment method is then
usgd with the standard linear it having a 0,1 dB threshold. The effect of the large diameler
bephds should be evaluated for each fibre type.

—— Standard deployment
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Figure D.4 — Fibre cutsoff curve with artifacts (multimode reference)
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Figure D.5 - Fibre cut-off curve with artifacts (bend reference)
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Dimensions in millimetres

Total fibre length =2 m
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Figure D.6 — Fibre deployment with large diameter bends for mode filtering
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Figure D.7 — Fibre cut-off curve with mode attenuation (multimode reference)
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1

List of comments

This is the point the optical waveguide geometry and index propagate only the fundamental

mode. The figure below depicts this concept in a graphical form.

== ==

- - ———

In this flow chart the cut-off analysis refers to using the transmittance of the fibre’sample
determine discrete changes in the transmitted optical power. The point at which the pov
of the LP11 mode is lost and only the LP01 mode is propagating in the.wave guide. T|
transmittance data is normalized to light source variances by using a reference scan o
the same wavelength span.

Testing for the influence of microbending can be accomplished by doing a transmittan
measurement where the data is normalized by the nonclamped)state. This can simply bg
bend reference measurement where the bent state is replaced with an unbent state.

er
he
er

ce

In practice a variety of deployment methods have (been used for fibre cut-off. A fibbre

deployment method can be verified by comparing the results of the cut-off measurement
the test configuration.

The standard deployment being shown in figure 4 where a single 289 mm loop has
straight ends and a total length of 2 m.

The bend reference should produce a region that is flat prior to the cut-off point. If this dg
not occur then the bend diameter needs to be smaller.

4.5

3.5

2.5
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to

es

1.5

0.5

1000 1100 1200 1300 1400

6 For the standard bend insensitive fibre deployment modal artifacts are observed. These
non-axial modes can be attenuated by applying a large bend. The attenuated curve features

are then filtered by using the curve fitting technique.
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This process for the multimode technqiue is depicted in the 3 graphs below. A large bend
is used to filter the modal artifacts. The curve fitting is then applied to this modal filtered
transmittance curve. Note the plot provided is for the multimode-reference technique.

Stress free

deployment

A:=1262.8 nm

Bend Insensitive Fiber

Large be&&o

mode @ring

-

S

7\%&9 1260.3 nm
OQ~
Qé

NS

Bend Insensitive Fiber
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Mode filtering and
Curve fitting

Ac =1244.1 nm

Bend Insensitive Fiber

~\ )

7 | A mapping function allows the easier to deploy fibre<eut-off method to be used to predict
the cable cut-off transition point.

8 | When a fibre is deployed or laid out, care should be taken not to twist or induce small bends
in the fibre. Ideally the fibre can be laid into.pesition without clamping devices.

9 | The origins of the specific curve fitting equation comes from analyzing and modeling a ser|es
of empirical transmittance data generated with standard telecom single mode fibre.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-44: Measurement methods and test procedures —
Cut-off wavelength

FOREWORD

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote-internatig
co-operation on all questions concerning standardization in the electrical and electronic fields._To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Repo|
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IECy Publication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee interested'in the subject dealt V
may participate in this preparatory work. International, governmental and non-governmental organizations liaig
with the IEC also participate in this preparation. IEC collaborates closely with the Ihternational Organization
Standardization (ISO) in accordance with conditions determined by agreement/between the two organization

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

IEC Publications have the form of recommendations for international’ use and are accepted by IEC Natid
Committees in that sense. While all reasonable efforts are madeyto 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.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the laf

IEC itself does not provide any attestation of .conformity. Independent certification bodies provide conforr
assessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they have thé.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 damagg
other 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.

Attention is drawn to the\Normative references cited in this publication. Use of the referenced publication
indispensable for the correct application of this publication.

Attention is drawn\tolthe possibility that some of the elements of this IEC Publication may be the subject of paf
rights. IEC shallnot be held responsible for identifying any or all such patent rights.

C 60793<1+44 has been prepared by subcommittee 86A: Fibres and cables, of IEC techni
mmittee~86: Fibre optics. It is an International Standard.

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging
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shird edition cancels and replaces the second edition published in 2011, This edit

on

constitutes a technical revision.

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

a)
b)
c)

used the diameter of the fibre loops to describe deployment;
added Annex D related to cut-off curve artifacts;

reorganized information and added more figures to clarify concepts.
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The text of this International Standard is based on the following documents:

Draft Report on voting

86A/2314/FDIS 86A/2327/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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s document was drafted in accordance with ISO/IEC Directives, Part 2, and developed
cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,‘availa

scribed in greater detail at www.iec.ch/publications.

s document is to be read in conjunction with IEC 60793-1-1.

A list of all parts of the IEC 60793-1 series, published under the general title Optical fibre
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asurement methods and test procedures, can be found on the (EC website.

e committee has decided that the contents of this documegnt-will remain unchanged until {
bility date indicated on the IEC website under webstore’iec.ch in the data related to f
pcific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.
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MPORTANT - The "colour inside" logo on the cover page of this document indicates that
bntains colours which ,are-considered to be useful for the correct understanding of its

bntents. Users should therefore print this document using a colour printer.
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OPTICAL FIBRES -

Part 1-44: Measurement methods and test procedures —
Cut-off wavelength
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mmercial purposes.

s document gives methods for measuring the cut-off wavelength for uncabled or cab
gle mode telecom fibre. These procedures apply to all category B and Cifibre types.

ere are three methods of deployment for measuring the cut-off wavelength:

method A: cable cut-off using uncabled fibre 22 m long sample] 1.;;
method B: cable cut-off using cabled fibre 22 m long sample, A..;

method C: fibre cut-off using uncabled fibre 2 m long~sample, A.

both of which can be used with all methods:
bend-reference technique;

multimode-reference technique using‘category A1(OM1-OMS5) multimode fibre.

Normative references

e following documents are referred to in the text in such a way that some or all of their conts
nstitutes requirements of this document. For dated references, only the edition cited appli
r undated references,the latest edition of the referenced document (including 3
endments) applies.

C 60793-1-1, Optical fibres — Part 1-1: Measurement methods and test procedures — Gene
 guidance

Terms and definitions

N

termsanddefimitions are fisted i thisdocument:

s part of IEC 60793 establishes uniform requirements for measuring the cut-off wavelength
single-mode optical fibre, thereby assisting in the inspection of fibres and cables for

ed

methods require a reference measurement. There _are two reference-scan techniques, either

ny

ral

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

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

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

Theoretical cut-off wavelength is the shortest wavelength at which only the fundamental mode
can propagate in a single-mode fibre, as computed from the refractive index profile of the fibre.

In optical fibres, the change from multimode to single mode behaviour does not occur at an
isolated wavelength, but rather smoothly over a range of wavelengths. For purposes of
determining fibre performance in a telecommunications network, theoretical cut-off wavelength

is |

ess useful than the lower value actually measured when the fibre is deployed.

Me
thq
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wa
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typ

asured cut-off wavelength is defined as the wavelength greater than which the ratio betwe
total power, including launched higher-order modes, and the fundamental mode power h
creased to less than 0,1 dB. According to this definition, the second-order (LPy4) mg

Hergoes 19,3 dB more attenuation than the fundamental (LPy4) mode aft) the cut{
velength.

cause measured cut-off wavelength depends on the length and bends of the fibre, f
ulting value of cut-off wavelength depends on whether the measured fibre is configured i
bloyed, cabled condition or if it is short and uncabled. Consequently, there are two ove
es of cut-off wavelength:

cable cut-off wavelength (1.;) measured in an uncabled fibre deployment condit
(method A), or in a cabled condition (method B);

(method C).

Calple cut-off wavelength is the preferred attribute to be specified and measured.

A

op
po
me

att

Overview of methods

of the methods shall use the transmitted-power technique. A general system block diagr
Hepicted in Figure 1. A fibre \specimen is scanned by a wavelength spectrum. The out
ical power is measured and-stored. This stored data is then analysed against a referen
wver spectrum. The referencé scan normalizes any wavelength-dependent fluctuations in {
asurement equipment that is not associated with the loss of the LP,4 mode. The result

enuation will thus propérly characterize the cut-off wavelength.

en
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de

off

he
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on

fibre cut-off wavelength (1.) measured on a shortdength of uncabled, primary-coated fibre

Am
but
ce
he

Fibre gg&g‘
specimen
Py (1)
Wavelength Cut-off
spectrum analysis
Fibre Optical /
reference power
Py(h) Py (h)

IEC

Figure 1 — Cut-off measurement system block diagram

The reference scan uses one of the following two techniques:

bend reference where a small diameter bend is added to the fibre specimen;

multimode reference where the optical power through an A1(OM1-OM5) fibre is measured.
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Either reference technique can determine the cut-off wavelength of a fibre specimen in a cabled
or uncabled condition.

The fibre cut-off wavelength,41;, measured under the standard length and bend conditions
described in this document, will generally exhibit a value larger than the cable cut-off
wavelength, A... For normal installed cable spans, it is common for the measured A, value to
exceed the long fibre’s transmission wavelength.

Cable cut-off wavelength is more useful in describing an installed network system performance
ang l..apa'ui“ty, white—fibre—cut=off—woutd appiy to—short—cabtes—or piytaiia. TFHre—two—cutioff
wavelengths can be mapped to each other for a specific fibre type and cut-off measuremént
mgthod. The customer and the supplier shall agree to the confidence level of each mapping
furjction established (see Clause 11 for details).

6 | Reference test method

Mgthod A, cable cut-off wavelength using uncabled fibre, is the reference test method (RTM).
Thjs method shall be used to settle any disputes.

7 | Apparatus

7.1 Light source

Provide a filtered white light source, with line width-nét greater than 10 nm, stable in positjon
anfl intensity. The light source should be capable“of operating over the wavelength range
1 Q00 nm to 1 600 nm for most category B fibres, An operating range of 800 nm to 1 700 hm
mdy be necessary for some B-655 fibres, B-656 fibres or category C fibres. A scanning
mgnochromator with a halogen bulb is one.éxample of this kind of source.

7.2 Modulation

Mddulate the light source to prevent ambient light affecting the results, and to aid signal
regovery. A mechanical chopper with a reference output is a suitable arrangement.

7.3 Launch optics

Provide launch opties,;isuch as a lens system or a multimode fibre, to overfill the test fibre oyer
thq full range of meéasurement wavelengths. This launch is relatively insensitive to the input Td
fage position of the single-mode fibre and is able to excite the fundamental and any higher-order
mddes in the“specimen. If using a butt splice, provide means of avoiding interference effects.

When using a multimode fibre, overfilling the reference fibre can produce an undesired ripple
effectiinthe power-transmission spectrum. Restrict the launch sufficiently to eliminate the ripple
effect” One example of restricted launch is in method A, attenuation by cut-back, |of
IEC 60793-1-40. Another example of restricted launch is a mandrel-wrap mode filter with
sufficient (approximately 4 dB) insertion loss.

7.4 Support and positioning apparatus

Provide a means to stably support the input and output ends of the specimen for the duration
of the test; vacuum chucks, magnetic chucks, or connectors may be used for this purpose.
Support the fibre ends such that they can be repeatedly positioned in the launch and detection
optics. When measuring A, in method B, provide a means to suitably support the cable ends.
The mechanism used to hold the fibre ends allows for fibre positioning with respect to the launch
and detection optics. Holding and moving of the fibre should not cause micro-bends that affect
the measurement accuracy.
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7.5 Deployment mandrel
7.5.1 General

The fibre specimen’s two ends, input and output, are mechanically held in place during the
measurement. The deployment and length of the specimen, together with the support
apparatus, are key elements of the measurement method, and they distinguish the types of
cut-off wavelength.

Additional, alternative deployments may be used if the results obtained have been
depen ated—te—be—empiricathy—eguivaten o—me—FestH ebtatred—using—the areard
deployment, to within 10 nm, or they are greater than those achieved with the standard
copfigurations.

7.9.2 Cable cut-off wavelength deployment, method A

Prpvide a means to make an 80 mm diameter loop at each end of the specimen and a loop| of
digmeter = 280 mm in the central portion. See Figure 2.

Dimensions in millimefres

280 280
Total fibre length = 22 m

2280

IEC

Figure 2 — Deployment.configuration for cable cut-off wavelength .., method A

7.3.3 Cable cut-off\wavelength deployment, method B

Prpvide a means to)make an 80 mm diameter loop at each end of the specimen. See Figure 3.
The cabled fibre'between the two 80 mm loops has a bending diameter greater than 280 mm.

Dimensions in millimefres

@ Total fibre length =22 m @
N7 Y

IEC

Figure 3 — Deployment configuration for cable cut-off wavelength A.., method B

7.5.4 Fibre cut-off wavelength deployment, method C

Provide means to route a fibre specimen through one complete circular loop having a diameter
equal to 280 mm, see Figure 4.
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Dimensions in millimetres

Total fibre length =2 m

2280

IEC

Figure 4 — Standard deployment for fibre cut-off wavelength measurement

7.6 Detection optics

Cduple all power emitted from the specimen onto the active region of the detector. As exampl
an|optical lens system, a butt splice with a multimode fibrepigtailed to a detector, or dir
coupling may be used.

D
o
~~ -

7.7 Detector assembly and signal detection elec¢tronics

Use a detector that is sensitive to the output radiation over the range of wavelengths to |be
mgasured and that is linear over the range of intensities encountered. A typical system might
indlude a germanium or InGaAs photodiode, operating in the photo-voltaic mode, and a
cufrent-sensitive preamplifier, with synchronous detection by a lock-in amplifier. Generally} a
computer is required to analyse the data

7.8 Cladding mode stripper

Provide a means to remaove cladding-mode power from the specimen. Under some
circumstances, the fibre cdating will perform this function; otherwise, provide methods|or
deyices that extract cladding-mode power at the input and output ends of the specimen.

8 | Sampling specimen

8.1 Specimen length

Chloosg™ the specimen length according to which parameter is being measured and, if {the
pafameter is cable cut-off wavelength, the method to be used. See the appropriate anngex:
Annex A _or Annex B for the cable cut-off wavelength measurement or Annex C for fibre cutdoff

wavelength.

8.2 Specimen end face

Prepare a flat end face, orthogonal to the fibre axis, at the input and output ends of each
specimen. An optical fibre cleaver is often used to achieve very flat and clean end faces.
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9

Procedure

9.1 Positioning of specimen in apparatus

9.1.1 General requirements for all methods

Align the input and output ends of the specimen to the launch and detection optics. Do not
change the launch and detection conditions during the course of the measurement.

Unless otherwise specified, when installing the specimen in the apparatus, and when using a
clddding-mode stripper, avoid imposing any additional fibre bends smaller than those spegif

in

he configuration for the particular measurement being made.

9.1.2 Deployment requirements for each method

Deploy the specimen using the information in Clause 7 and the following annexes:

cable cut-off wavelength, method A (see Annex A);
cable cut-off wavelength, method B (see Annex B);

fibre cut-off wavelength, method C (see Annex C).

9.2 Measurement of output power

9.2.1 Overview

Record the output power, P¢(L), along the wavelength range, in increments of 10 nm or le

Th
po

reference and Figure 6 multimode reference.

A

Ay (1) dB

o — -
0 .

| Wavelength L

Cable cut-off wavelength 2. EC

ed

BS.

e range shall be broad enough to encompass théeXpected cut-off wavelength. The measuied
ver is then normalized by the reference power producing curves similar to Figure 5, bgnd

Figure 5 — Cut-off wavelength using the bend-reference technique
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Cable cut-off wavelength 2.
Wavelength A

-
\

0,1dB

A (f) dB

IEC

Figure 6 — Cut-off wavelength using the multimode-reference technique

.2 Bend-reference technique

th input and output conditions unchanged, introduce a smaller-diameter bend between in
1 the output. Record the transmitted spectral power, Py(1L), ovetthe same wavelength ran

H with the same spectral increments as in making the original measurement on the specimg

e exact value of the smaller diameter may be determined prior to measurement; it should
all enough to attenuate the second-order modé{ but not too small in order to av
crobending effects at higher wavelengths. A diameter between 20 mm and 60 mm is typi
most B652 to B656 fibres.

5 measurement technique may not be adequate for these fibres. Curve artifacts can pers
d require the use of both techniques-described in Annex D.

.3 Multimode-reference technique

a reference. Record the transmitted signal power, P (), over the same wavelength ran
H with the same spectral increments as in making the original measurement on the specimg

TE Ripples can occur in the reference spectrum P (1). Provide a means to add mode mixing which can red

effect; this can\bé done by wrapping a multimode fibre at least 5 times around a mandrel 10 mm to 20 mn
meter. A1(OM2-OM5) type multimode fibres are preferred for this technique.

Calculations

101 Bend-reference technique

put
ge

be
Did
cal

r some bend insensitive fibres (category.B+~657), the diameter may need to be smaller, gnd

ist

place the specimen with.a'short (< 10 m) length of category A1(OM1-OMS5) multimode fibre

ge

Calculate the spectral transmittance of the specimen without the small diameter bend,

ref

wh

erenced to the condition where the smaller-radius bend is introduced:

R (%)
R,(%)

Ab (/1) = 10|0g10

ere

in dB (1)
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A,(A) is the spectral transmittance referenced to the small diameter bend (dB);
P¢(x) is the spectral optical power through the fibre specimen;

Pp(r) is the spectral optical power through the sample with small diameter bend.

Figure 5 shows a schematic result. The short and long wavelength edges are determined by
the specimen deployed with and without the smaller-radius bend, respectively. Determine the
longest wavelength at which 4,(1) = 0,1 dB from Figure 5. This is the cut-off wavelength,

provided that A4, is equal to or greater than 2 dB.

If A, < 2 dB, or if it is unobservable, broaden the wavelength scan and enlarge the singJIe-

mdde launch conditions, or decrease the smaller-bend radius. Repeat these adjustments gnd
thg measurement procedure until A4, > 2 dB.

o

For certain implementations of bend-insensitive fibres (category B-657), A4, will'not reach 2 dB

logs, because of the very nature of these fibres. It is recommended to uise the multimode-
reference technique as reference scan for these fibres. See Annex D for dealing with cufve
artjfacts that can affect the results.

10{2 Multimode-reference technique

Cdllculate the spectral transmittance of the specimen, referenced to that of the multimode fibye:

R(4)
Bn (%)

Am (/1) = 10'0910

whlere

A(A) is the spectral transmittance referenced to the multimode fibre (dB);
P.(1) is the spectral optical power through the specimen;

P (%) is the spectral optical power through the multimode reference fibre.

Figure 6 shows a s¢hematic result.

Fitla straightline to the long-wavelength portion of 4,,(), displacing it upward by 0,1 dB, |as

shown by the'dashed line in Figure 6. Determine the longest wavelength at which this displaged
ling intersects with 4,,(1). This is the cut-off wavelength, provided that A4, is equal to or greager

thgn< dB. Between measured data points, 4,,,(1) is defined by linear interpolation.

If Ad,, <2 dB, orifitis unobservable, broaden the wavelength scan and enlarge the single-mode
launch conditions. Repeat these adjustments and the measurement procedure until A4, > 2 dB,
and until the long-wavelength tail is of adequate length to be fitted by a straight line.

NOTE When using the multimode-reference technique, fibres with high cut-off wavelengths, when combined with
reference fibres with high water peaks, can have erroneous values reported as cut-off wavelength.

For certain implementations of bend-insensitive fibres (category B-657), the bend-reference
technique is not the optimal technique as reference scan. For these fibres, the
multimode-reference technique is recommended. See Annex D for dealing with curve artifacts
that can affect the results.


https://iecnorm.com/api/?name=66b5f6edd1c7dbea0a904e25e60277d4

11

- 14 - IEC 60793-1-44:2023 © |IEC 2023

Mapping functions

A mapping function is a formula by which the measured results of one type of cut-off wavelength
are used to predict the results that one would obtain from another type. Figure 7 illustrates the
cut-off wavelength difference between the fibre cut-off method C and the cable cut-off method A

for

a specific fibre type.

An empirical mapping function is specific to a particular fibre type and method. Generate
mapping functions by doing an experiment in which a variety of fibre specimens between the
two _fibre deployment methods are sampled. A linear regression of the respective values

Vil

oft
res

12

12

en produce a satisfactory mapping function. When establishing criteria for fibre selecti
idual errors in the regression shall be taken into account.

= = = Fibre cut-off Cable cut-off

Transmittance (dB)

\__,/
-17

1000 1050 1100 1150 N200 1250 1300 1350 1400
Wavelength (nm)

IEC

Figure 7 — Cable cut-off vs fibre cut-off for a specific fibre (multimode reference)

Results

1 Report the follewing information with each measurement:

date and title of ) measurement;
identification*of specimen;

measurement results.

2/,The following information shall be available upon request:

bn,

if measuring cable cut-off wavelength, the method used: A or B;
length of specimen;
reference technique used (bend or multimode);

type of multimode fibre used (if using multimode-reference technique);

description of all key equipment used: light source, launch optics, cladding-mode stripper,

specimen-support mechanisms, and detection optics;

description of monochromator (spectral scanning range, spectral width, and incremental

steps);
description of detection and recording techniques;

description of deployment configuration used;
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o typical plot of the spectral curve, 4,(1) or 4,(1);

e date and certificate of latest calibration of measurement equipment.
13 Specification information

The detail specification shall specify the following information:

e type of fibre or cable to be measured;

o _failure or accentance criteria:
1 y

e |information to be reported;
e | any deviations to the procedure that apply.
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Annex A
(normative)

Requirements specific to method A —
Cable cut-off wavelength, 4., using uncabled fibre

1 Specimen length

P Procedure — Position specimen on deployment mandrel

prder to conservatively simulate cabling effects, the specimen has a central coil 20 m Igng

with a minimum diameter of 280 mm (see Figure 2). The 20 m fibre coil has a minimum diameter

of

crgate two 1 m long ends. This specimen is then placed in front of the measurement instrum
whiere an 80 mm diameter loop is applied to each end. The 80 mm loeps simulate the effects of

a

splice organizer. Figure A.1 shows an alternative deployment \method for cable cut-

Alternative to placing loop at each end, two 80 mm loops can be;place at one end.

Since A, represents a maximum cut-off value, this coaqfiguration is sufficient to ens

sp
ca

pcification compliance, because any further effects of-cabling, installation, and deploym
n only reduce further the cable cut-off wavelength value.

Dimensions in millime

Input Output
1m Tm
280 280

]
20 m

280 mm and should be loosely coiled with minimal stress. The remaining fibre is used|to

ent

Hff.

lire
éent

fres

Total fibre length =22 m

IEC

Figure A.1 — Alternative cable cut-off deployment
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