IEC IEC 61280-2-8

o
®

Edition 2.0 2021-03

INTERNATIONAL |
STANDARD A@\ :

NORME N\
INTERNATIONALE QO

ﬁ inside
Fibre optic communication subsystem test proc@%

Part 2-8: Digital systems — Determination o Iﬁ\ using Q-factor
measurements

Procédures d’essai des sous-systémes d&'écommunications fibroniques —
Partie 2-8: Systemes numériques;@e@ination de faibles valeurs de BER en

utilisant des mesures du facteur

|IEC 61 280-2-8:23!1@1
A )


https://www.stdhive.com/standards/iec-61280-2-8-ed-20-b2021-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédeé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I''EC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC online collection - oc.iec.ch

Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always
have access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and French, with equivalent terms in 18 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d'études, ...). Elle donne aussi des informations sur
les projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

IEC online collection - oc.iec.ch

Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apercus des publications. Avec un
abonnement, vous aurez toujours accés a un contenu a jour
adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 000 articles terminologiques en
anglais et en francais, ainsi que les termes équivalents dans
16 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://www.stdhive.com/standards/iec-61280-2-8-ed-20-b2021-pdf/

IEC 61280-2-8

Edition 2.0 2021-03

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Fibre optic communication subsystem test proczuurcs —
Part 2-8: Digital systems — Determination of lcwv L*ER using Q-factor
measurements

Procédures d’essai des sous-systémes de telécommunications fibroniques —
Partie 2-8: Systémes numériques — L 3tezmination de faibles valeurs de BER en
utilisant des mesures du facteur Q

INTERNATIQNA.
ELECTROTEC.!INICAL
COMMIE SION

~OM. 11IS§.ON
EL-ZCTROTECHNIQUE
INTERNATIONALE

ICS 33.180.10 ISBN 978-2-8322-9497-0

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-61280-2-8-ed-20-b2021-pdf/

-2- IEC 61280-2-8:2021 © |EC 2021

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 4
1 ST e o] o 1Y PP TPRPRN 6
2 NOIMALIVE FEFEIENCES ... et 6
3  Terms, definitions, and abbreviated terms ... 6
3.1 Terms and definitioNS. ... 6
3.2 AbDbreviated termMS ... 7

4 Measurement of low bit-error ratios ..o, 7
4.1 General conSIderations .........iuiiiii e 7
4.2 Background to Q-faCtor ... ..o .8

5  Variable decision threshold method ... 10
5.1 L@ Y=Y Y= e 10
5.2 N o o 1= 1 =1 (U< P P 13
5.3 Sampling and SPECIMENS ... e e e 13
5.4 ProCedUIE ... P ). AT AT 13
5.5 Calculations and interpretation of results ... 15
5.5.1 Sets Of data ..o e 15
5.5.2 Convert BER using inverse error function ....... N PP 16
5.5.3 LiN€ar regreSSiON ... iuu i e e 17
5.5.4 Standard deviation and mean ... 18
5.5.5 Optimum decision threshold............... e 18
5.5.6 BER optimum decision threshold ... ... 18
5.5.7 BER non-optimum decision threshola ... 19
5.5.8 Error bound ... Qg e eee e eeteeeaeeaeeeeeteteeen et eeaenreaaaenaas 19

5.6 Test docUMENTAtION ... 19
5.7 Specification information .. ... 19

6  Variable optical threshold methou . 19
6.1 Overview..........coeeeuenee. T PP PP PP PP PPRPPPRPPPI 19
6.2 N o o 1= T = {0 S 20
6.3 eSS UNAEr 165t e 20
6.4 Procedure far Lasic optical INK ..o 20
6.5 Procedurc for self-contained system ... 21
6.6 Evaliiation O7reSUILS oo 22
Annex A (noriativs) Calculation of error bound in the value of Q..o 24
Annex B (inturmative) Sinusoidal interference method ..., 26
B.1 L@ Y=Y Y= PP 26
2 Y 0 o = =1 {1 1= S 26
B.5 Sampling and SPECIMENS ... e 26
B.4 P IO AU .. 27
B.4.1 Optical sinusoidal interference method ..., 27
B.4.2 Electrical sinusoidal interference method ... 28

B.5 Calculations and interpretation of results ... 29
B.5.1 Mathematical @analysSis ......c.ouiieiiii 29
B.5.2 EX AP Olation L. 29
B.5.3 EXpected resuUlts ... 30

B.6 DO C UM BN AT ON .. e 31


https://www.stdhive.com/standards/iec-61280-2-8-ed-20-b2021-pdf/

IEC 61280-2-8:2021 © |IEC 2021 -3-

B.7 Specification iINformation ... 31
BB O G AP Y . e 32
Figure 1 — Sample eye diagram showing patterning effects............coooiiiii i, 9
Figure 2 — More accurate measurement technique using a DSO that samples noise
statistics betWeen €Ye CENIIES ... e 10
Figure 3 — Bit error ratio as a function of decision threshold level ...............ccoooiiiiiiiiinis 11
Figure 4 — Plot of Q-factor as a function of threshold voltage .............coooiiiiiiiiiii 12
Figure 5 — Set-up for the variable decision threshold method ................coo s 14
Figure 6 — Set-up of initial threshold level (approximately at the centre of the eye) .......c. ... 14
Figure 7 — Effect of optical bias........ccoiiiiiiii e 20
Figure 8 — Set-up for optical link or device test .........ccoooiiiiiiiiii 21
Figure 9 — Set-up for system test .. ... 21
Figure 10 — Extrapolation of log BER as a function of bias.............co.co 23
Figure B.1 — Set-up for the sinusoidal interference method by optical injectian ... ................ 27
Figure B.2 — Set-up for the sinusoidal interference method by electricc' inj2<tion.................. 29
Figure B.3 — BER result from the sinusoidal interference method (da.» puints and
extrapolated lINE) . ... 30
Figure B.4 — BER versus optical power for three methods... ... .. 31
Table 1 — Mean time for the accumulation of 15 errors as © function of BER and bit rate ........ 7
Table 2 — BER as a function of threshold voltage .| ... 16
Table 3 — f;as afunction of D;...........oo 17
Table 4 — Values of linear regression CONS ANtS .. i e 18
Table 5 — Mean and standard deviation ..o e 18
Table 6 — Example of optical bias tes ... e 22

Table B.1 — Results for sinusoide iny3Ction ..o 28


https://www.stdhive.com/standards/iec-61280-2-8-ed-20-b2021-pdf/

1

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC 61280-2-8:2021 © |EC 2021

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 2-8: Digital systems —
Determination of low BER using Q-factor measurements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp.’sing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promnte inter. ational
co-operation on all questions concerning standardization in the electrical and electronic fields. T> ti.'s exd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Teci.hical Xeports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicatioi.’s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in th > subject dealt with
may participate in this preparatory work. International, governmental and non-governmentc: ~r¢ anizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Inter. ationa. Organization for
Standardization (ISO) in accordance with conditions determined by agreement betwc =n th . twe organizations.

The formal decisions or agreements of IEC on technical matters express, as . e7.rly 2s pussible, an international
consensus of opinion on the relevant subjects since each technical commii. e his representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationa: us=2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made te.en. ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th2 way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National C-mn.’ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their natior.a. anc regional publications. Any divergence between
any IEC Publication and the corresponding national or reg onal sublication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificatior hol'ies.

All users should ensure that they have the laic=t ~dition of this publication.

No liability shall attach to IEC or its.dire :to's, employees, servants or agents including individual experts and
members of its technical committees end . -C lational Committees for any personal injury, property damage or
other damage of any nature whatshev.r, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicetion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Noi rativ 2 references cited in this publication. Use of the referenced publications is
indispensable for the corr=ct ap !ication of this publication.

Attention is drawn to t"ic ~hos_ibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not" e he 4 responsible for identifying any or all such patent rights.

IEC 61280-2-8 »as been prepared by subcommittee 86C: Fibre optic systems and active
devices, cf IE " technical committee 86: Fibre optics. It is an International Standard.

This se~ond edition cancels and replaces the first edition published in 2003. This edition
ccasuites a technical revision.

Th.= <edition includes the following significant technical changes with respect to the previous
elition:

a)
b)

c)

correction of errors in Formula (8) in 5.5.2 and in a related formula in 5.5.3;

correction of errors in the references to clauses, subclauses, figures, procedures, and in
the Bibliography;

alignment of the terms and definitions in 3.1 with those in IEC 61281-1.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
86C/1708/FDIS 86C/1711/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and develape ! in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, aval'ab.»
at www.iec.ch/members_experts/refdocs. The main document types developed by I.C cre
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will remain unc.anged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in"i22 data related 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 ><ver page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefores piint chis document using a colour printer.
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FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 2-8: Digital systems —
Determination of low BER using Q-factor measurements

1 Scope

This part of IEC 61280 specifies two main methods for the determination of low BER valucs by
making accelerated measurements. These include the variable decision threshold r =thod
(Clause 5) and the variable optical threshold method (Clause 6). In addition, a third ineti 2ad,
the sinusoidal interference method, is described in Annex B.

2 Normative references

There are no normative references in this document.

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terins end JSfinitions apply.

ISO and IEC maintain terminological databases for 71se in standardization at the following
addresses:

e |EC Electropedia: available at http://wvw.zleciropedia.org/

e |SO Online browsing platform: availaui= at http://www.iso.org/obp

3.11

amplified spontaneous emissicn

ASE

optical power associated tc srontaneously emitted photon amplified by an active medium in an
optical amplifier

3.1.2

bit error ratio

BER

Pe

number of er.ared bits divided by the total number of bits, over some stipulated period of time

3.03

» 'terc.vm} ol interference

1S)

o.erlap of adjacent pulses as caused by the limited bandwidth characteristics of the optical
devices in a fibre optic link

314
Q-factor

ratio of the difference between the mean voltage of the 1 and 0 rails, to the sum of their standard
deviation values
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